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Anaplastic astrocytoma

Sean A Grimm' & Marc C Chamberlain*?

Practice points

e AAis malignant astrocytic tumor most commonly seen in comparatively young
patients (median age 41 years).

e Molecular pathology has further subdivided AA into multiple molecular subtypes
based upon interrogation of 1p/19q codeletion, IDH1, ATRX and p53 mutations.

e The main molecular categories of AA are IDH1 mutated and IDH1 wild type which
have profoundly differing survival.

e Based upon two recently completed clinical trials, CATNON and RTOG 9813, initial
treatment of AA entails post-radiotherapy TMZ or a nitrosourea.

e Uncertain currently is whether the IDH1 mutation alters these recommendations and
in particular is there benefit in treating IDH1 wild type AA with post-radiotherapy
chemotherapy.

e Salvage therapy for recurrent AA similar to GBM utilizes re-resection, re-radiation and
cytotoxic chemotherapy in the appropriate clinical context notwithstanding only
modest efficacy.

e Therole forimmunotherapy (vaccine or immune checkpoint inhibitors) as well
as small molecule inhibitors of IDH1 are yet to be realized and are under active
investigation.

Anaplastic astrocytoma (AA) is a diffusely infiltrating, malignant, astrocytic, primary brain
tumor. AA is currently defined by histology although future classification schemes will
include molecular alterations. AA can be separated into subgroups, which share similar
molecular profiles, age at diagnosis and median survival, based on 1p/19q co-deletion status
and IDH mutation status. AA with co-deletion of chromosomes 1p and 19q and IDH mutation
have the best prognosis. AA with IDH mutation and no 1p/19q co-deletion have intermediate
prognosis and AA with wild-type IDH have the worst prognosis and share many molecular
alterations with glioblastoma. Treatment of noncodeleted AA based on preliminary results
from the CATNON clinical trial consists of maximal safe resection followed by radiotherapy
with post-radiotherapy temozolomide (TMZ) chemotherapy. The role of concurrent TMZ
and whether IDH1 subgroups benefit from TMZ is currently being evaluated in the recently
completed randomized, prospective Phase Il clinical trial, CATNON.
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Background
Anaplastic astrocytoma (AA) is a diffusely infil-
trating, malignant, astrocytic, primary brain
tumor with a median age of onset of 41 years [1].
Presently, AA is defined by the histologic charac-
teristics of nuclear atypia, increased cellularity,
significant proliferative activity as manifested by
mitoses and lacking either endothelial prolifera-
tion or necrosis, the two pathologic hallmarks of
glioblastoma [1]. Approximately a quarter of AA
arise as a de novo tumor, whereas it is estimated
that three quarters are a consequence of trans-
formation from a lower-grade astrocytoma [2].
AA constitutes 4% of all malignant CNS tumors
and 10% of all gliomas [3]. The survival of
patients with AA varies depending upon molec-
ular pathology. With conventional treatment,
median overall survival (mOS) and 5-year sur-
vival rates are 3 years and 28%, respectively [3.4].
Exposure to ionizing radiation and rare genetic
syndromes such as neurofibromatosis type 1
and 2, tuberous sclerosis and the Li-Fraumeni
syndrome are the only established risk factors.
Patients with AA most often present with
focal or generalized neurologic symptoms. The
specific focal symptom depends upon the ana-
tomic localization of the tumor and may include
weakness, sensory loss, visual impairment, lan-
guage dysfunction and gait disorder. Generalized
symptoms include personality changes, seizures
and headaches. Compared to low grade astro-
cytoma, seizure at presentation is less common:

83 versus 46% [5].

Imaging

MRI with administration of gadolinium con-
trast is the optimal imaging modality for diag-
nosis and management of AA. MRI assists in
establishing a differential diagnosis, guides
biopsy or resection, is fundamental for treat-
ment (i.e., radiotherapy) planning, monitoring
response to treatment and in part determines
disease progression. MRI reveals AA to be
an ill-defined, T1-weighted hypointense and
T2-weighted hyperintense mass with surround-
ing vasogenic edema. Nodular areas of enhance-
ment are usually observed, although nearly one
third of AA display no contrast enhancement [2].
Contrast enhancement usually implies the pres-
ence of a higher grade component notwithstand-
ing if a biopsy demonstrates a low-grade tumor
as sampling error may occur. Advanced imaging
such as diffusion-weighted MRI imaging, MR
spectroscopy, MR perfusion and amino acid
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positron emission tomography imaging may
further assist in the diagnosis and management
of AA [2.6-10].

Pathology

¢ Histology

AA frequently reveals heterogeneous histology
consisting of areas of low- and high-grade tumor
that is thought to reflect progression from a lower
grade tumor precursor. The diagnosis of AA is
sometimes determined from biopsy in which
sampling error may occur. The WHO classifi-
cation system is the most widely used instrument
for grading glial tumors. AA, defined by WHO
as a grade IIT anaplastic glioma, is characterized
by mitotic activity, increased cellularity, presence
of glial makers (e.g., GFAP), absence of neuronal
markers and nuclear atypia. Necrosis or microvas-
cularization by contrast absent and rather define
glioblastoma [1]. The MIB-1 labeling index in AA
is usually 5-10% but may overlap with both low
grade astrocytoma and glioblastoma (GB) and
may show considerable variation within a given
tumor [11,12]. Notably the histologic classification
and grading of infiltrating low grade and ana-
plastic gliomas has poor reproducibility among
pathologists and often poorly predicts clinical
outcome [13,14]. Increasingly, clinicians are uti-
lizing the molecular classification of gliomas to
guide clinical decision-making (Figure 1) [15-18].
Perhaps this is no more evident than in anaplas-
tic oligoastrocytoma wherein this anachronistic
term is now resolvable by molecular pathology
into either anaplastic oligodendroglioma or
anaplastic astrocytoma (see below).

¢ Molecular

There is no single molecular marker that defines
AA, although mutations in TP53 and ATRX
are most frequent (>70%) (19], and differenti-
ate AA from oligodendroglial tumors which are
defined by codeletion of chromosomes 1p and
19q. Mutation of the ATRX gene is identified by
immunohistochemistrty and is mutually exclu-
sive with 1p/19q codeletion and TERT promoter
mutations (discussed below). Mutations of the
ATRX gene result in a truncated protein and
abrogated protein expression. ATRX is a mul-
tiprotein complex important in incorporating
histones H3.3 into telmeric regions of chro-
mosomes and are one mechanism of telomere
maintenance. Mutations of the isocitrate dehy-
drogenase enzymes (IDH1 and IDH2) play
a critical role in the pathogenesis of most AA
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and secondary GB [20-23]. The IDH enzymes
catalyze the metabolic conversion of isocitrate to
o-ketoglutarate, a key metabolite of the Krebs
cycle [21]. The IDH enzymes utilize NAD+ as
a cofactor in generating o-ketoglutarate and
NADPH in a reversible reaction. The over-
whelming majority (95%) of IDH mutations
in gliomas, affect IDHI and in particular, the
IDH1 R132H genotype (see below) [23]. The
IDHI mutations target specific arginine residues
resulting in a novel gain-of-function phenotype
whereby the mutant enzymes produce high levels
of what is ordinarily a minor metabolic product
R(-)-2-hydroxyglutarate and NADPH [2022-25].
Unclear at present is the role of 2-hydroxyglu-
tarate in glioma development. It is uncertain
whether therapy targeting IDH mutations will
be therapeutically beneficial, a hypothesis cur-
rently being evaluated in early phase clinical tri-
als using small molecule inhibitors of IDHI [26].
The presence of the IDH mutation in AA is a
positive prognostic factor independent of age
and MGMT promoter methylation status [27-29].

*
CATNON

CODEL

Anaplastic astrocytoma REVIEW

The Cancer Genome Atlas (TCGA) GB and
diffuse lower-grade glioma projects have resulted
in an enormous amount of data concerning
genomic alterations in gliomas [17.2022.30). The
initial TCGA data focused primarily on primary
(de novo) GB and the small fraction of secondary
glioblastoma. AA is believed to share a common
lineage and molecular pathology with secondary
GB [3132]. Utilizing gene expression profiling,
Phillips ez al. identified three main subgroups
of high-grade glioma (proneural, proliferative
and mesenchymal) defined by distinct molecular
pathology [33]. Essentially all AA and good prog-
nosis GB that included all secondary GB were
classified as proneural. The proneural subtype
had the best prognosis among all GB and the
expression profile overexpressed genes associated
with normal brain processes and neurogenesis
rather than gene expression indicative of cell pro-
liferation and angiogenesis typically found in the
other two GB subtypes. Notwithstanding this
categorization, the relevance of these molecular
subtypes to treatment is not yet determined.

CATNON CODEL

Figure 1. Molecular stratification of anaplastic gliomas.
PCV: Procarbazine, CCNU (lomustine), vincristine; RT: Radiotherapy; TMZ: Temozolomide.

fsg

future science group

www.futuremedicine.com

147



REVIEW Grimm & Chamberlain

148

More recently, TCGA Research Network
performed a genome-wide analyses of 239 grade
IT and grade III gliomas from adults, incorpo-
rating exome sequence, DNA copy number,
DNA methylation, messenger RNA expres-
sion, miRNA expression and targeted protein
expression [17]. The sequencing revealed fre-
quent mutations in IDH1, TP53, ATRX, CIC,
FUBP1, NOTCHI and the TERT promoter. In
an unsupervised analyses, the authors compiled
clusters of tumors with shared molecular profiles
generated on multiple platforms and proceeded
to integrate these in a higher level of analysis
termed a ‘cluster of clusters’ analysis [34]. This
resulted in three principle disease subgroups on
the basis of IDH mutation and 1p/19q codele-
tion, two molecular alterations thought to occur
early in glial oncogenesis. These subgroups and
their frequently associated genetic alterations are:
#1 IDH mutation and 1p/19q deletion (telomer-
ase reverse transcriptase promoter [TERTp], CIC
and FUBP1 mutated); #2 IDH mutation and no
1/19q codeletion (TP53 and ATRX mutated);
and #3 IDH wild-type (EGFR, NF1 and PTEN
mutated, amplification of EGFR or focal deletion
of CDKN2A). The prognostic significance of
these subgroups was more accurate than that pro-
duced by histology. All AA clustered into groups
#2 and #3. The age at diagnosis and median
survival for groups #2 and #3 were 38 years,
6.3 years and 50 years, 1.7 years, respectively.

Similarly, Suzuki ez a/. delineated the genetic
alterations and affected pathways in WHO
grade II and grade III gliomas by combining
two large sets of throughput sequencing data (a
Japanese data set and the TCGA data set) [35].
Their analysis revealed that WHO grade II
and grade IIT gliomas could be classified into
three subtypes which they designated types
I-1II: type I (38—42%, mOS 8 years) IDHI1
mutation and 1p19q codeleted (associated with
CIMP [CpG island methylation phenotype]
positive, TERTp, CIC, FUBP1, NOTCH and
PI3KCA mutated); type II (37%, mOS 6 years)
IDH mutation and TP53 mutation (associated
with CIMP positive and ATRX mutated); type
3 (25%, mOS 2 years) IDHI wild-type (asso-
ciated with EGFR amplification, PDGFRA
mutated, 10p deletion and 7p gain). Further
WHO grade III tumors in the type I or type II
subtype showed overall survival comparable to
that of corresponding oligodendroglioma and
astrocytoma WHO grade II tumors. In terms
of clinical outcome, pattern of mutations, DNA
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methylation and gene expression, type I1I glioma
was most similar to GB.

Another study defined five glioma molecular
groups based on the use of three molecular alter-
ations (1p/19q codeletion, IDH mutation and
TERTp mutation) that are thought to occur early
during glioma formation, prevalent in glioma, or
are strongly associated with overall survival [18].
These five subgroups (and their frequently asso-
ciated genetic alterations) included: #1: triple-
positive (31% overall, frequently associated with
CIC and FUBPI1 mutations); #2: IDH and
TERTp mutation (5% overall, associated with
TP53 and ATRX mutations); #3: IDH muta-
tion only (47% overall, associated with TP53
and ATRX mutations); #4: triple-negative (7%
overall, associated with EGFR, NF1 and PTEN
mutations); and #5: TERT mutation only (10%
overall, associated with EGFR, EGFRviii, NF1,
PTEN, RB1 and PIK3CA or PIK3R1 muta-
tions, amplification of EGFR or focal deletion
of CDKN2A). Histologically defined AA clus-
tered to subgroups #2-5. These five subgroups
of glioma had characteristic distributions of age
at diagnosis, clinical behavior, acquired genetic
alterations and associated germline variants. The
molecular subgroups more accurately predict
prognosis than histology, similar to that seen in
the TCGA study.

Epigenetic silencing of the O°-methyl-guanyl-
methyl-transferase (MGMT) DNA repair
enzyme gene by promoter methylation is asso-
ciated with longer survival for GB patients and
particularly those treated with alkylating chemo-
therapy [36-38]. Much less is certain regarding the
prognostic value of MGMT methylation in AA.
One retrospective study demonstrated MGMT
promoter methylation in 54.7% (35 of 64) AA
patients [39]. In this study, the median survival of
anaplastic gliomas with a methylated promoter
showed a trend to longer survival, although not
statistically significant (9.7 vs 6.1 years). The
study concluded that MGMT methylation was
neither prognostic nor predictive although study
was confounders included the fact that only one
third of patients were treated with TMZ after
malignant progression and another quarter did
not receive any upfront chemotherapy.

In the NOA-04 trial MGMT promoter meth-
ylation status was analyzed in 202 evaluable ana-
plastic gliomas treated on a randomized Phase I1I
trial [277. MGMT promoter methylation was
determined to be present in 50% (48 of 96)
of AA patients. MGMT promoter methylation
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was associated with improved progression-free
survival (PES) regardless of treatment allocation
(alkylating chemotherapy agents or RT alone).
The authors concluded that MGMT promoter
hypermethylation in AA is prognostic for good
outcome in patients treated with RT or predic-
tive for response to RT itself. The authors fur-
ther hypothesized that MGMT methylation is
reflective of a hypermethylation phenotype (the
glioma-CpG island methylation phenotype) in
which a general defect in regulation of DNA
methylation is observed leading to epigenetic
inactivation of multiple genes, including genes
linked to radiotherapy resistance.
Consequently, the accumulating data have
consistently demonstrated that molecular clas-
sification of gliomas is a better predictor of prog-
nosis than histology alone, however the strong-
est classifier is achieved by combining both
molecular and histology classifications. Patients
with AA with wild-type IDH had worse prog-
nosis than IDH-mutated GB (median survival
24 vs 36 months) [2835]. Reuss ez a/. reported
on a series of 1360 patients in which there was
no significant difference in AA with wild-type
IDH from grade II astrocytoma with wild-type
IDH in median age, age distribution or overall
survival, which is in contrast to survival out-
comes predicted by histology only [40]. Based on
molecular profiles and hallmark alterations IDH
wild-type AA (and grade II astrocytoma) can be
grouped into four major sets: molecular equiva-
lent of conventional GB; GB-H3F3A mutated
(GBM-H3); GB-H3-K27 (mostly infratentorial
or midline location with a trend toward better
survival); lower grade gliomas (examples include
ganglioglioma, dysembryoplastic neuroepithelial
tumor, pleomorphic xanthroastrocytoma, pilo-
cytic astrocytoma) [41]. Thus, caution must be
taken when using the diagnosis of IDH wild-type
grade IT astrocytoma or AA as the majority can be
allocated to other tumor entities based on molec-
ular pathology. It is likely that molecular altera-
tions will be an important component in future
revisions of the WHO criteria for gliomas as
evidenced by the recent Haarlem consensus [42].
A recent study explored the role of ATRX status
in the molecular classification of anaplastic gli-
oma and its impact on survival in the biomarker
cohort of the NOA-04 trial [43] (Figure 2). ATRX
loss was detected in approximately 40% of AA,
25% of anaplastic oligoastrocytoma (AOA) and
10% of anaplastic oligodendroglioma (AO). The
ATRX mutation was mostly restricted to IDH
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mutant tumors and almost mutually exclusive
with 1p/19q co-deletion. The authors proposed
that IDH wild-type anaplastic tumor be consid-
ered a distinct group that is most closely related
to GB. They suggest grouping AA and mixed
AOA without 1p/19q deletion but with ATRX
loss as ‘molecular anaplastic astrocytoma’ and
AO and AOA which harbor 1p/19q co-deletion
should be classified as ‘molecular anaplastic
oligodendroglioma’ (Figure 2).

Another study group has proposed an inte-
grated diagnosis of glioma subtypes based on
molecular data and histologic appearance [44].
Their study had two primary aims: first to estab-
lish a technical standard for ATRX immuno-
histochemistry (IHC) and second to establish
an algorithm for using ATRX, IDH1-R132H
IHC, 1p/19q analysis and IDH sequencing in
the diagnosis of diffuse infiltrative gliomas.
Based on the analysis of tumor tissue from 405
patients from three German institutions, the
proposed schema is as follows: Begin by per-
forming IHC for ATRX and IDHI-R132H
expression. Tumors with loss of nuclear ATRX
staining are defined as astrocytic. Tumors with
nuclear ATRX expression, in other words, wild-
type, are subjected to undergo 1p/19q analysis.
Tumors without 1p/19q deletion are defined as
astrocytic tumors regardless of IDH status. This
group should undergo sequencing for rare IDH1
and IDH2 mutations because of the importance

Anaplastic astrocytoma Astrocytic histology
ATRX loss

IDH wt

ATRX loss

Anaplastic oligoastrocytoma Mixed histology

1p/199 codeletion

Oligodendroglioma histology

Anaplastic oligodendroglioma 1p/19q codeletion

IDH wt

IDH wt

REVIEW

Figure 2. Molecular classification of anaplastic gliomas [43). Proposed molecular

classification of anaplastic gliomas based on histology and molecular markers.

Length of the green bars represents the proportion of IDH wild-type tumors,
whereas the yellow and blue bars represent IDH mutant tumors. Mixed AOA
harboring IDH mutation is molecularly classified as either oligodendroglioma

(carrying 1p/19q co-deletion) or astrocytomas (carrying ATRX loss).
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of IDH status on prognosis. Astrocytic tumors
without ATRX loss, nondeleted 1p/19q and
IDH wild-type are defined as glioblastoma. All
tumors exhibiting 1p/19q loss are oligodendro-
gliomas. Oligodendrogliomas without IDHI-
R132H positivity do not need to be sequenced
for rare IDH mutations, since they would be
expected to be detectable in all of them. This
‘integrated diagnosis’ results in definitive sepa-
ration of astrocytoma from oligodendroglioma,
omitting the need for the diagnoses of mixed
gliomas and GB with oligodendroglial compo-
nent and reduces the number of molecular tests
required for unequivocal diagnosis.

Treatment

e Initial

Maximal safe surgical resection is the recom-
mended initial surgical treatment in patients with
suspected or biopsy proven anaplastic astrocy-
toma. Lacking a prospective, randomized study
demonstrating an advantage of resection over
biopsy, retrospective analyses suggest that there
is improved overall survival (OS) with resective
surgery [4]. Although, meta-analysis of European
Organization for the Research and Treatment of
Cancer (EORTC) trials suggest age and perfor-
mance status dominate with extent of resection
subordinate [45]. Resection additionally has the
benefit of providing sufficient tissue for histo-
logic diagnosis, reduces the tumor mass which
may improve neurologic deficits and provides
tissue for molecular studies. Notwithstanding
image verified complete resection, surgery is not
curative due to the diffuse infiltration of tumor
into surrounding brain parenchyma. Advances
in neuroimaging have improved the ability to

= =

Figure 3. NOA-04 [27].

resect tumor while minimizing postsurgical neu-
rological deficits. Functional MRI and diffusion
tensor MRI further permit localization of elo-
quent brain, white matter tracts and infiltrative
tumor thereby allowing these areas to be avoided
during surgery [2].

Following surgery, RT is standard treatment
for malignant gliomas wherein the benefit has
been established in multiple prospective clinical
studies [46-53]. Nonetheless RT is not curative
as higher doses though able to sterilize tumor,
damage the normal brain. Additionally, the use
of radiotherapy boost in addition to standard RT
has failed to show a survival benefit for newly
diagnosed malignant glioma in a randomized
trial [54].

Typically, RT is administered to the contrast
enhancing tumor, the T2-weighted or FLAIR
peritumoral surround and an additional 1-2 cm
margin [5s]. The planned tumor volume receives
approximately 50 Gray (Gy) and the contrast
enhancing volume receives an additional 10 Gy;
all administered in 1.8-2.0 Gy fractions per day,
5 fractions per week, for a total of 60 Gy. Elderly
patients or patients with poor performance sta-
tus often have difficulty tolerating this therapy
and preferably receive alternative therapy as
described below.

The NOA-04 study demonstrated that initial
chemotherapy (TMZ or PCV) with deferred RT
is equivalent to RT only [27]. The NOA-04 study
was a prospective trial that randomized patients
with anaplastic gliomas to: conventional RT,
procarbazine, lomustine and vincristine (PCV)
or temozolomide (TMZ) as initial therapy.
There was no difference in PFS between initial
RT versus chemotherapy, suggesting that chem-
otherapy is a biologically effective treatment in
anaplastic gliomas. The study also showed that
IDH1 mutation is a prognostic factor with a
positive impact that is superior to that of 1p/19q
co-deletion or MGMT promoter methylation.
Furthermore, in patients with IDH1 wild-type
anaplastic gliomas, MGMT determination
assists in treatment allocation as per the NOA-
04 study wherein tumors that are unmethylated
are best treated with RT only (Figure 3).

There is increasing evidence that all diffuse
gliomas, regardless of histologic grade, may ben-
efit from the combination of chemotherapy after
or with RT. Three prospective, randomized clin-
ical trials have demonstrated an OS benefit with
the use of RT with adjuvant PCV for patients
with anaplastic oligodendroglioma (RTOG 9402
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and EORTC 26955) and high risk low grade gli-
oma (RTOG 9802) (Table 1) [56-58]. Similarly, RT
with concurrent TMZ and adjuvant TMZ was
shown to be beneficial over RT alone for GB in a
prospective, randomized clinical trial (EORTC/
National Cancer Institute, Canada [NCIC}
TMZ/RT study) [s59). Cairncross suggests that
the survival benefit of the addition of PCV
chemotherapy to RT in anaplastic oligodendro-
glial tumors was not limited to 1p/19q code-
leted tumors but to those with IDH and ATRX
mutations as well [60] (Table 2). As discussed in
preceding sections, from a molecular/biologic
perspective, a glioma characterized histologically
as AA may share molecular features with 1p/19q
intact anaplastic oligodendroglial tumors, IDH
mutant low grade astrocytoma and IDH wild-
type GB. Thus it could be argued that the results
from RTOG 9402, EORTC 26955, RTOG
9802 and EORTC/NCIC TMZ/RT studies
can be extrapolated to all diffuse gliomas. That
is, treatment sensitivity is related to the molecu-
lar background of a tumor and not to histologic
grading.

The utility of TMZ in 1p/19q intact ana-
plastic gliomas is the subject of the recently
completed CATNON trial (Phase III trial
of Concurrent and Adjuvant Temozolomide
(TMZ) Chemotherapy in 1p/19q nondeleted
Anaplastic Glioma) [61]. An interim analysis by
an independent Data Monitoring Committee
reported superiority of the addition of adjuvant
TMZ (for 12 cycles) following RT versus RT
alone. A second interim analysis is planned
regarding the added value of TMZ given con-
currently with radiotherapy. In the near future,
itis anticipated CATNON will begin to address
best treatment of varying AA genotypes as the
current molecular pathology classification was
integrated into the trial design.

RTOG 9813 randomized newly diagnosed
AA patients to receive RT with adjuvant
TMZ versus adjuvant nitrosoureas (BCNU or
CCNU) [62]. TMZ was much better tolerated
than nitrosoureas chemotherapy in that no
patients stopped therapy because of the toxicity
in the TMZ arm as compared with 27.6% in the
nitrosoureas arm. The study showed equivalence
in OS (3.9 vs 3.8 years) between TMZ versus
nitrosoureas despite the high frequency of dis-
continuation in the nitrosoureas arm. Notably
RTOG 9813 demonstrated the prognostic ben-
efit of the IDH1 mutation when comparing OS
to AA with IDH1 wild-type (7.9 vs 2.8 years).
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Whether this statement can be applied to adju-
vant PCV is uncertain however there are plen-
tiful examples in oncology where combination
chemotherapy is superior to single agent chemo-
therapy. However, there was no superiority in
OS for initial treatment of AA with PCV versus
single agent TMZ in the German NOA-04 trial
recognizing however that upfront RT was not
used in either treatment arm and rather utilized
at first recurrence.

The European Association of Neuro-
Oncology (EANO) recommends maximal
safe surgical resection followed by RT alone
or alkylating chemotherapy (temozolomide or
PCV) alone for the treatment of newly diag-
nosed AA/oligoastrocytoma lacking 1p/19q co-
deletion [s5]. Two randomized, prospective clini-
cal trials, CATNON and CODEL, will better
define the optimum treatment for anaplastic gli-
omas without and with 1p/19q deletion respec-
tively [ss]. The CATNON trial (EORTC 26053,
NCT00626990) examined RT only to the addi-
tion of TMZ to RT administered concurrently
or adjuvant post-RT, or both, for patients with
anaplastic gliomas without the 1p/19q codele-
tion [s5]. As mentioned above early results sug-
gest superior outcome in patients treated with
RT followed by post-RT TMZ. The CODEL
trial (NCT00887146) is examining RT fol-
lowed by PCV versus TMZ concurrent with
RT followed by adjuvant TMZ versus TMZ
alone [55]. Early results from CODEL suggest
single agent TMZ is inferior to initial RT with
either TMZ or PCV.

¢ Initial treatment of elderly poor
performance patients

The treatment of elderly and poor performance
AA patients deserves special discussion. There is
a near consensus that elderly (age >70 years) and
poor performance patients have more difficulty

Table 1. Anaplastic oligodendroglial tumors: upfront treatment.

REVIEW

Median progression-free survival

RT

49.9 months
34.8 months

8.7 months
12 months

Chromosomal Median overall survival

status RT/PCV RT RT/PCV

Combined 1p19q loss

EORTC 26951 NR 111.8 months  156.8 months

RTOG 9402 176.4 months  87.6 months 100.8 months

Noncodeleted

EORTC 26951 25 months 21 months 14.8 months

RTOG 9402 31.2 months  32.4 months 14.4 months

EORTC: European Organization for Research and Treatment of Cancer; NR: Not reported; PCV: Procarbazine,
lomustine (CCNU), vincristine; RT: Radiotherapy; RTOG: Radiation therapy Oncology Group.
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Table 2. RTOG 9402: molecular subtyping and response to RT versus RT + PCV.

152

IDH1 mutation 74
IDH wild-type 26
1p19q codeletion + IDH1 mutation (90% 42
codeleted tumors w/ IDH1 mutation; 78%

AO)

Nondeleted + IDH1 mutation (64% AOA; 32
72% ATRX mutated)

+ ATRX mutation

+ ATRX wild-type

Nondeleted + IDH1 wild-type 21
1p19q codeletion + IDH1 wild-type 5

Molecular signature Frequency (%) Median overall survival (years)

Radiotherapy = Radiotherapy + PCV
5.7 9.4

1.3 1.8

6.8 14.7

3.3 5.5

2.7 11.0

3.5 4.4

1.0 1.3

Anaplastic oligodendroglial tumors = AO and AOA.

AO: Anaplastic oligodendroglioma; AOA: Anaplastic oligoastrocytoma; PCV: Procarbazine, lomustine (CCNU), vincristine.

tolerating standard RT than younger patients.
Additionally elderly and poor performance
patients most often manifest an unfavorable
molecular signature which in part reflects poor
response to treatment. Recommended treatment
options for elderly patients may include RT or
RT/TMZ (for fit, otherwise healthy elderly
patients), accelerated hypofractionated RT (20—
40 Gy in 5-15 fractions), and primary TMZ
chemotherapy with deferred RT. The NOA-08
| trial randomized 373 patients, age >65 years,
with AA or GB to standard RT (54-60 Gy)
versus dose dense TMZ [63,64]. Outcome was
similar in both treatment arms suggesting that
TMZ alone, particularly in those with methyl-
ated MGMT promoter gene, is an option for
newly diagnosed elderly or poor performance
AA patients. A similar conclusion was reached
in the Nordic trial which compared standard
RT to hypofractionated RT to TMZ only [és].
Whether combined hypofractionated RT +
TMZ is superior to hypofractionated RT only in
elderly patient with GB will be determined in the
recently completed NCIC/EORTC trial (66.67].

¢ Treatment at recurrence/progression

In AA that progress following initial therapy,
there is no standard treatment and options are
limited (Tables 3-5). Re-resection can be use-
ful in selected patients particularly those that
are symptomatic from tumor mass, patients
with relatively preserved performance and with
tumors located in noneloquent brain. Although
surgery may improve function, the survival ben-
efit has not been substantiated. Obtaining tissue
by surgery may be advantageous if progression
to GB is demonstrated as this may substantially

CNS Oncol. (2016) 5(3)

increase the availability of investigative clini-
cal trial options for which the patient may be
eligible.

Reirradiation has been found to be safe and
may have palliative benefit based upon two sin-
gle institution retrospective studies. However
both studies suffer from being retrospective with
likely treatment selection bias [93,94].

Standard dose TMZ demonstrated activity in
patients with recurrent AA treated initially with
surgery and RT only in a multicenter, Phase II
study [70]. The study demonstrated 6-month
PFS (PFS-6) of 46%, objective radiologic
response rate of 35% and OS of 13.6 months.
Continuous dose-dense TMZ (50 mg/m?/day)
is another treatment option for recurrent AA [95].
The hypothesis is that daily (metronomic) dose
dense TMZ overcomes drug resistance by reduc-
ing intra-tumoral MGMT activity and addition-
ally provides an antiangiogenic effect by limiting
endothelial cell recovery, inhibiting the activity
of circulating endothelial precursors and upregu-
lating thrombospondin. In the study by Perry,
PFS-6, l-year OS and radiographic response
rates were 35.7, 60.7 and 15.4%, respectively.
It is, however, uncertain whether metronomic
TMZ is more effective than rechallenge with
standard dose TMZ. Although another failed
to demonstrate a benefit for rechallenging GB
patients at first recurrence with dose-intense
TMZ (75-100 mg/m? on a 21/28 day sched-
ule) [96]. PFS-6 and radiographic response rates
were 11 and 13%, respectively.

Bevacizumab has been evaluated in recurrent
AA in two prospective, Phase II studies and
six retrospective studies. The initial Phase II
study used the combination of bevacizumab
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Table 3. Recurrent anaplastic astrocytoma trials.

Study (year) Trial design Patient Overall Median 6-month Median overall Ref.
number responserate progression-free progression- survival (months)
(%) survival (months) free survival (%)
Wongetal. (1999)  Phase Il (total of 8) 150 14 3.25 31 7.5 [68]
Lamborn etal. Phase Il (total of 12) 159 7 6 28 8 (69]
(2008)
Yung et al. (1999) Randomized Phase lll 162 (AA/AOA) 35 54 46 13.6 [70]
Bevacizumab trials  Retrospective and 258 (65% AG) 24-64 2.9-7.0 21-60 11-16 [71,72)
prospective (total of 8)
Chamberlain (2015) Retrospective 35 57 4.5 40% 9.5 (73]
AA: Anaplastic astrocytoma; AOA: Anaplastic oligodendroglioma; AG: Anaplastic glioma.
and irinotecan in patients with recurrent AA  subgroups as illustrated by the two large catego-
(n = 25/33) and anaplastic oligodendroglioma ries of non-codeleted IDH1 mutated and IDH1
(n = 8/33) (71. The PFS-6, 6-month OS, and  wild type AA. Whether treatment should dif-
radiologic response rate were 55, 79 and 61%, fer for these two molecular subtypes of AA is
respectively, suggesting that bevacizumab may not yet clear notwithstanding significant dif-
have similar activity to that seen in glioblastoma.  ferences in outcome [62]. Initial treatment of
The second single arm Phase II study used beva-  AA following maximum safe surgery entails
cizumab only in patients with recurrent malig-  involved field radiotherapy followed by 12 cycles
nant glioma (68% were AA) [72]. Median OS,  of post-radiotherapy TMZ based on early results
median PFS, PFS-6 and radiographic response  of the CATNON trial (61]. Unclear is whether
rate were 12 months, 2.93 months, 20.9% and TMZ given in conjunction with RT adds fur-
43%, respectively. Notwithstanding the modest  ther benefit, an analysis yet to be completed by
PFS-6 patients experienced a significant clinical  the CATNON investigators. Alternatively and
benefit as suggested by patients on steroids at  based on the RTOG 9813 study, either lomustine
study onset were able to substantially decrease (CCNU) or carmustine (BCNU) may be sub-
the dose and in nearly half of patients neurologic  stituted for TMZ and appears to confer similar
symptoms improved with treatment. survival benefits [62]. There are no adjuvant thera-
The use of lomustine for TMZ refractory  pies aside from TMZ or nitrosoureas (CCNU or
recurrent AA was explored in a retrospective  BCNU) that have demonstrated a survival ben-
study of 35 patients [73]. All patients had prior efit in newly diagnosed AA, a significant unmet
surgery, RT, and TMZ. Lomustine was utilized  need not dissimilar to the up-front treatment of
at first recurrence in seven and second recurrence  GBM. Whether immunotherapy (e.g. vaccines
in 28. Median PFS, 6-month PFES, 12-month  or check point inhibitors) will provide another
PES and median OS after onset of lomustine adjunct treatment strategy is dependent in large
were 4.5 months, 40%, 11.4% and 2.7 years. part on success of these therapies in on-going
trials in GBM. IDH1 small molecule inhibitors,
Conclusion a rationale targeted therapy for the majority of
The treatment of AA continues to evolve patients with IDHI mutant AA awaits on-going
with the increasing recognition of molecular  clinical trials. Much as in GBM, salvage therapy
Table 4. First-line salvage chemotherapy: recurrent grade Il and Il gliomas.
Histology (study and year) Patient Drugs Response PFS-6(%) PFS-12(%) mOS Ref.
number (%) (months)
All Gr2 (Taal 2011) 70 T™MZ 47 63 - 13 [74]
AA/AOA (Yung 1999) 65 TMZ 43 50 - 11.5 [75]
AO/AOA (Brandes 2006) 67 T™MZ 46 - 50 31 [76]
AO/AOA (van den Bent 2003) 38 T™™Z 54 71 40 - [77)
AO/AOA (van den Bent 1998) 52 PCV 63 - 50 20 (78]
AOA (Brandes 2004) 37 PCV 59 72 52 30.7 [79]
AA: Anaplastic astrocytoma; AOA: Anaplastic oligoastrocytoma; AO: Anaplastic oligodendroglioma; mOS: Median overall survival;
TMZ: Temozolomide.
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Table 5. Treatment of recurrent anaplastic astrocytoma.

Study (year) Trial # Outcome Ref.
Response (%) PFS-6 (%) mOS (weeks)

Wong (1999) Composite 150 14 31 47 [80]
Yung (1999) T™MZ 162 35 44 54 [81]
Brem (1995) Gliadel 28 NS 64 31 [82]
Yung (1996) cRA 28 1 NS 34 [83]
Jaeckle (2003) cRA+TMZ 28 15 46 47 [84]
Levin (1992) DFMO 44 9 NS 62 [85]
Levin (1992) TPCH 38 34 NS 50 [86]
Chamberlain (1999) Taxol 24 13 NS 72 [87]
Chamberlain (2007) Cytoxan 40 22.5 40 28 [88]
Chamberlain (2008) CPT-11 40 23 40 28 [89,90,91]
Vredenbergh (2007) CPT-11+Avastin 9 67 56 NS [92]
CPT-11: Irinotecan; cRA: Cis-retinoic acid; DFMO: Difluoromethy! ornithine; TMZ: Temozolomide; TPCH: 6-thioguanine, procarbazine,
CCNU (lomustine), hydroxyurea.

for recurrent AA utilizes re-resection, re-radia-
tion and cytotoxic chemotherapies in an appro-
priate context with only modest efficacy. A novel
randomized trial in recurrent AA (sponsor Orbus
Pharmaceutical) is comparing lomustine with or
without the oral agent DFMO in patients having
progressed on TMZ. New approaches for both
the up-front and salvage treatment of AA remain
a significant need in neuro-oncology.

Future perspective

Notwithstanding initial promise, trials investi-
gating agents that target the molecular pathology
of malignant gliomas such as EGFR, mTOR,
PI3K and VEGEFR have been overwhelmingly
disappointing [97]. Identifying subsets of AA with
oncogene addiction by gene expression profil-
ing may permit improved efficacy of available
targeted therapies however oncogene dependent
tumors are likely to be quite rare. In addition,
the use of correlative studies, that utilize pre-
and post-treatment surgical specimens to deter-
mine if the target of interest is present in the
tumor and affects the targeted signal pathway,
is encouraged.

Since IDH mutations are highly prevalent in
AA and enzymatic defects are attractive candi-
dates for targeted therapy, IDH-related therapy
may have a novel role in patients with AA and
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