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Abstract

Many breakthroughs have been made in the past decade regarding our knowledge of the biological basis of the diffuse glio-
mas, the most common primary central nervous system (CNS) tumors. These tumors as a group are aggressive, associated
with high mortality, and have a predilection for adults. However, a subset of CNS glial and glioneuronal tumors are char-
acterized by a more circumscribed pattern of growth and occur more commonly in children and young adults. They tend to
be indolent, but our understanding of anaplastic changes in these tumors continues to improve as diagnostic classifications
evolve in the era of molecular pathology and more integrated and easily accessible clinical databases. The presence of ana-
plasia in pleomorphic xanthoastrocytomas and gangliogliomas is assigned a WHO grade III under the current classification,
while the significance of anaplasia in pilocytic astrocytomas remains controversial. Recent data highlight the association of
the latter with aggressive clinical behavior, as well as the presence of molecular genetic features of both pilocytic and dif-
fuse gliomas, with the recognition that the precise terminology remains to be defined. We review the current concepts and
advances regarding histopathology and molecular understanding of pilocytic astrocytomas, pleomorphic xanthoastrocytomas,
and gangliogliomas, with a focus on their anaplastic counterparts.
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Introduction

Diagnostic neuropathology continues to evolve due to the
contributions of the now fairly mature field of molecular
pathology and the increasing digitalization of clinical infor-
mation. In comparing the WHO classifications of Central
Nervous System tumors from 2007 to 2016, many entities
are now defined by means of specific molecular alterations,
such as IDH wild type or mutant in the group of diffuse glio-
mas. This new classification advances important conceptual
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discussions regarding the relationship between histopathol-
ogy/morphology and molecular alterations and the degree
to which they provide orthogonal or redundant information.
As aresult, categories that long represented an umbrella of
heterogeneous entities are now being progressively refined,
partially along molecular fault lines, but also more generally.
An important example, which we explore here, is that of the
officialisation of distinct diagnostic categories for anaplastic
subsets of otherwise generally benign tumors.

Anaplasia, from the Greek ana and plasis, which trans-
lates directly to “backward formation” or “to form back-
wards”, refers to the loss of mature or specialized features
of differentiated cells or tissues. Anaplasia can, therefore, be
thought of as dedifferentiation and generally labels a more
aggressive neoplasm. Because of the nature of anaplastic
transformation, meaning the loss of unique, clearly iden-
tifiable features, anaplastic transformation in tumors can
be hard to define. Even so, this remains an important task
due to the prognostic importance of these changes, and one
that is likely to become more feasible with the prolifera-
tion of molecular profiling of larger series of (sometimes
rare) tumors. Particularly in the context discussed here, that
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of otherwise rather well-behaved neoplasms, anaplasia can
lead to the recommendation of additional treatments beyond
surgery and, thus, have a profound clinical impact. Anaplas-
tic variants have been well studied primarily in the diffuse
gliomas, where they represent distinct categories with speci-
fied outcomes requiring therapies other than surgery (e.g.,
anaplastic astrocytoma and anaplastic oligodendroglioma,
both WHO grade III). Anaplasia has also been studied in
the other primary intraparenchymal (e.g. ependymoma) and
extra-axial (e.g. meningioma) CNS tumors.

Here, we focus on two circumscribed gliomas and a gli-
oneuronal tumor: pilocytic astrocytoma (PA, WHO grade
I), pleomorphic xanthoastrocytoma (PXA, WHO grade II),
and ganglioglioma (GG, WHO grade I), along with their
anaplastic counterparts. We review important pathologic
features of each tumor as well as summarize current knowl-
edge of their molecular alterations, paying a special attention
to distinctive aspects of anaplasia in each of these entities.
Throughout, we emphasize the need to further character-
ize these emerging categories of prognostic significance.
Finally, we highlight common themes across all three tumors
and remaining gray zones.

Pilocytic astrocytoma, WHO grade |

Epidemiologically, pilocytic astrocytoma (PA) is the most
common brain tumor in children, affecting young adults as
well. The 2007-2011 Central Brain Tumor Registry of the
United States (CBTRUS) report estimates its incidence at
0.84 cases per 100,000 individuals under 19 years of age
[1]. PAs are usually found in the cerebellum, often showing
a strong and diffusely enhancing, sometimes cystic, calcified
appearance on MRI, but can occur anywhere in the neuraxis,
including the spinal cord, and usually favoring midline struc-
tures. PAs are most often sporadic, but can occur in associa-
tion with neurofibromatosis type 1 (NF1), often affecting the
optic pathways and the hypothalamus when they occur in
this setting. They are, in addition, the most common primary
brain tumor in patients with this syndrome.

As a whole, pilocytic astrocytomas have a 10-year sur-
vival over 90% even after surgical resection without addi-
tional treatment. Certain locations may be difficult to access
surgically, resulting in subtotal resections and a greater like-
lihood of local recurrence. PA is defined as a WHO grade
I, circumscribed (non-diffuse) glioma of low-to-moderate
cellularity. Histologically, it is characterized by a biphasic
entity featuring compact piloid areas of bipolar astrocytes
with hair-like processes and Rosenthal fibers alongside more
discohesive areas of myxoid stroma featuring microcysts and
eosinophilic granular bodies (EGBs). Cytology is generally
bland, with piloid areas having elongated nuclei and micro-
cystic areas having more round or oval nuclei. Additional

features may include glomeruloid vessels and hyalinized
vessels, infarct-like, generally non-palisading necrosis,
leptomeningeal involvement with a desmoplastic reaction,
as well as pleomorphic nuclei and hyperchromasia with
rare mitoses. Immunohistochemistry typically documents
a glial phenotype, with near uniform expression of GFAP
and OLIG2.

Molecular features

After initial evaluations revealed what appeared to be
grossly normal cytogenetics in pilocytic astrocytoma, a
number of independent studies published in 2008 employ-
ing the improved array comparative genomic hybridization
(aCGH) analyses ushered in a far better understanding of the
molecular changes underlying PAs.

A study by Pfister et al. uncovered duplication of the
proto-oncogene BRAF as the most common abnormality in
pediatric low-grade astrocytomas by means of array-based
genome-wide assessment of DNA copy number [2]. They
also identified activating BRAF mutations in some of the
patients, as well as duplications in adult patients. These
alterations led to the activation of the MAPK pathway and
increased proliferation [2]. A similar study by Bar et al. iden-
tified a 1.9 Mb region in chromosome 7q34 including the
BRAF kinase domain that was mutated in 18 of 20 posterior
fossa pilocytic astrocytomas with concomitant activation of
downstream MEK and ERK [3].

Work by Jones et al. not only replicated the tandem
duplication in 7q34 (seen in 66% of PAs in their series and
none of the 244 higher grade astrocytomas), but also noted
that the rearrangement leads to an oncogenic fusion gene,
KIAA1549:BRAF, featuring a constitutively active BRAF
kinase domain that can result in transformation of NIH3T3
cells [4].

A more recent study of whole-genome sequencing of
96 pilocytic astrocytomas described recurrent alterations
in FGFRI and PTPN11 and reaffirmed the key role played
by the MAPK pathway, claiming that PA “is predominantly
a single-pathway disease” [S]. They describe additional
changes, such as NTRK?2 fusion genes in non-cerebellar
tumors and additional examples of genomic alterations lead-
ing to BRAF activation [5].

Pilocytic astrocytoma with anaplasia, no WHO grade

Pilocytic astrocytomas will, on rare occasions, demonstrate
anaplastic features (Fig. 1a, b). Until recently, this anaplastic
transformation was only addressed in the literature in the
form of case reports or retrospective case series [6 and refer-
ences within]. Furthermore, studies would employ different
criteria and nomenclature for defining anaplastic (malignant)
pilocytic astrocytomas (A-PAs) given that official consensus
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Fig. 1 Pilocytic astrocytoma with anaplasia: pathology and molecu-
lar genetic features. This tumor developed in the posterior fossa in a
4-year-old child and demonstrated a well-differentiated piloid com-
ponent with Rosenthal fibers (a). In addition, there were sharply
circumscribed cellular regions with brisk mitotic activity and pseu-
dopalisading necrosis consistent with anaplasia (b). Immunohisto-

criteria do not yet exist. A 2010 study defining A-PAs as
harboring at least 4 mitoses/10 hpf (but usually more than
5), demonstrating hypercellularity and moderate-to-severe
cytologic atypia in addition to typical PA features estimated
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chemical stains demonstrated ATRX loss (¢) and expression of H3
K27M mutant protein (d), a feature of a subset of pilocytic astrocyto-
mas with anaplasia, histologically defined. Next-generation sequenc-
ing detected KRAS p.Q61H (c.183A>T) (e) and H3F3A p.K27M
(c.83A > T) mutations (f)

the frequency of A-PAs at 1.7%, or 34 out of 2200 consulta-
tion cases [6].

This study also provided evidence that anaplastic features,
when present over greater than one low-power field (20x),
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convey prognostic significance. Median overall survival was
found to be 24 months (95% CI 17-29) and progression-free
survival of 14 months (95% CI 11-29) History of radiation,
PA precursor, mitoses/10 hpf as a continuous variable, and
necrosis were associated with significantly decreased overall
and progression-free survival [6]. A-PAs are, thus, associ-
ated with poorer survival than classic PA, but still portend-
ing a far better prognosis than glioblastoma, with tumors
without necrosis being more analogous to St Anne-Mayo
grade 2 astrocytomas, and those with necrosis being more
analogous to grade 3 astrocytomas. This emphasizes the
importance of distinguishing A-PA from classic WHO grade
I pilocytic astrocytomas, given the clinical ramifications.

Indeed, follow-up studies have demonstrated unique
molecular features of A-PAs. For example, a series includ-
ing 43 conventional PAs, 24 clinically aggressive/recur-
rent PAs and 25 histologically anaplastic PAs was assessed
with respect to its molecular genetics, gene expression, and
immunohistochemistry [7]. This study uncovered heterozy-
gous PTEN/10q and homozygous p16 deletions in about a
third and a fifth, respectively, of A-PAs, but in none of the
other categories [7]. Consistent with the previous molecular
studies in the standard PAs, BRAF duplication was identified
in a third of sporadic A-PAs and two-thirds of cerebellar
examples. In addition, activation of PI3K/AKT and mTOR
may play arole in the increased proliferation characterizing
anaplastic PAs [7].

In 2018, Reinhardt and colleagues carried out DNA
methylation profiling of 102 A-PAs, arriving at the con-
clusion that 83 of these tumors had a shared methylation
signature that was different from reference cases [8]. They
referred to this group as a “methylation class anaplastic
astrocytoma with piloid features”, or MC AAP for short.
The rest of the samples clustered with the reference classes,
with subsequent molecular studies being consistent with
this classification. The most frequent molecular alterations
reported included CDKN2A/B (64/73, 87%), alterations of
the MAPK pathway (19/24, 79%, mostly NFI mutations
and BRAF fusions), and ATRX mutations (31/69, 45%) [8].
These tumors as a group were associated with worse over-
all survival than PA and other low-grade tumors, similar
to glioblastoma IDH mutant, but worse than glioblastoma
IDH wild type.

Another study focusing on histologically defined pilo-
cytic astrocytoma with anaplasia documented the presence
of ATRX and H3-K27M alterations, as well as alternative
lengthening of telomeres (ALT), in 57 A-PA resections from
36 patients [9] (Fig. 1c—f). ALT was present in 25 cases
and 9 of 11 benign PA precursors. ATRX loss was found
in over half of the cases: ALT+/ATRX— (20/24, 83%) and
ALT—/ATRX+ (11/11, 100%). BRAF duplications/fusions
were present in 8/26 cases tested, with no BRAF p.V600E
mutations identified. Interestingly, H3-K27M was present

in 5 of 32 (16%) cases along with ATRX loss and ALT,
suggesting that A-PAs are heterogeneous neoplasms harbor-
ing genetic alterations usually associated with both PA and
diffuse gliomas [9]. Loss of ATRX expression in A-PA has
been reported by others [10]. Other rarer MAPK activating
alterations have been reported in A-PA; for example, FGFR]
duplications [11].

Pleomorphic xanthoastrocytoma (PXA),
WHO gradell

Pleomorphic xanthoastrocytoma (PXA) is a rather rare
tumor, comprising < 1% of all primary brain tumors [1]. It
tends to occur in children and young adults with a reported
median age of presentation of 22 [12]. The 2014 CBTRUS
report estimates its incidence at 0.3 cases per 100,000 indi-
viduals [1]. As a whole, PXAs have a 5-year recurrence-free
rate of 70.9% and overall survival rate of 90.4%, with extent
of resection being the most significant predictor of recur-
rence [13].

PXAs are nearly exclusively supratentorial, superficially
located within the cerebral hemispheres, most commonly
in the temporal lobe and often involving the leptomenin-
ges. Indeed, PXAs are most commonly brought to medi-
cal attention due to recurring, intractable seizures [14]. On
imaging, PXAs are often peripherally located, superficial,
enhancing lesions without significant edema presenting as
either a cystic mass containing a mural nodule (70%) or a
predominantly solid mass with cystic changes (30%) [15].

PXA is a WHO grade II, circumscribed (non-diffuse)
astrocytic glioma that is minimally mitotically active (<5
mitoses/hpf). The Greek xanthos means ‘yellow’ and it is
used a descriptor for PXA in reference to the accumula-
tion of vast amounts of lipid in a subset of neoplastic cells,
often termed “xanthomatous” cells, that are usually large,
multinucleated cells. Histologically, PXA is characterized
by a combination of large, pleomorphic, often multinucle-
ated astrocytes that can have xanthomatous changes, with
intermingled spindle cells, a dense pericellular reticulin net-
work, and granular bodies (usually eosinophilic but some-
times pale). Intranuclear inclusions, prominent nucleoli, and
lymphocytic infiltrates are also common findings in PXA.

Staining patterns can be variable, though usually involve
positive GFAP in the large pleomorphic and xanthomatous
cells. Interestingly, despite being astrocytic tumors, PXAs
can show features of neuronal differentiation, such as synap-
tophysin positivity as well as neurofilament, class III beta-
tubulin, or MAP2 [16, 17]. In addition, S100 and CD34 can
be positive, leading some to favor a multipotent neuroecto-
dermal precursor as the cell of origin over the more clas-
sically postulated subpial astrocytes suggested in the first
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description of this entity in 1979 by Kepes, Rubinstein, and
Eng [18].

Molecular features

Early molecular characterization of PXAs revealed complex
karyotypes involving gains of chr3 and chr7 and alterations
in the long arm of chrl [19-21]. These alterations, however,
are not specific to PXA. A subsequent study utilizing com-
parative genomic hybridization revealed the most common
recurrent alteration (50%) to be loss of chr9 corresponding
to homozygous deletion of CDKN2A/B in 9p21.3 [22].

BRAF point mutations occur in approximately 60% of
PXAs [23] and can be effectively assessed using immuno-
chemistry [24]. BRAF p.V600E, however, is a very com-
mon primary CNS tumor mutation, especially in pilocytic
astrocytoma and ganglioglioma [25-27]. Importantly, IDH
sequencing [28] or immunohistochemistry against IDH
R132H [13] has failed to reveal any abnormalities in IDH
in the vast majority of PXA, making this entity clearly dis-
tinct from diffuse, infiltrating astrocytomas. However, at
least one exceptional case combining features of infiltrat-
ing IDH mutant gliomas and BRAF mutant PXA have been
reported [29].

A series of 62 PXAs (46 WHO grade II and 16 with ana-
plastic features) was evaluated for alterations in frequently
aberrant targets in infiltrating gliomas, namely TP53,
CDKN2A, CDK4, MDM?2, and EGFR [30]. The rate of p53
mutations was very low at 5%, consistent with previous
studies estimating it at 2% [31]. Furthermore, no MDM?2,
EGFR, or CDK4 gene amplifications could be found and
none of the tumors showed homozygous loss of CDKN2A
[30]. Additional studies point to examples of alterations in
TSC2 and NF1, and an ETV6-NTRK3 fusion [32, 33]. These
results indicate that PXAs are molecularly distinct from dif-
fuse astrocytomas and emphasize the support of molecular
markers in rendering more accurate diagnoses.

Anaplastic pleomorphic xanthoastrocytoma, WHO
Gradel lll

Unlike the pilocytic astrocytomas described above, PXAs
do have a specific, official definition for their anaplastic
counterpart, albeit only since the most recent edition of the
WHO classification in 2016 [34]. These changes followed
multiple publications providing evidence, importantly,
of differences in prognosis [12, 13]. Anaplastic PXAs
(A-PXAs) are defined as PXAs with > 5 mitoses/10 hpf
[13] and are assigned a WHO grade III, in contrast with
non-anaplastic PXAs, which are grade II. A-PXAs usu-
ally have a recognizable PXA focus [12] and are, other-
wise, similar to PXA, including in their location, imaging
features, histology, and immunophenotype (Fig. 2a—e).
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Increased mitotic activity will frequently be associated
with necrosis; however, this is not a requirement for diag-
nosing A-PXA. Pleomorphism will, at times, be less pro-
nounced than in regular PXA (Fig. 2¢), and neoplastic
cells will more often infiltrate diffusely. Some reports
mention the other morphologies, including small-cell,
fibrillary, and epithelioid/rhabdoid transformation [35].
A-PXAs portend a significantly worse prognosis, with a
5-year overall survival of 89.4% for less than 5 mitoses per
10 hpf compared to 55.6% for 5 or more mitoses per 10
hpf [13]. Similarly, 5-year overall survival rate for patients
with tumor necrosis was significantly worse (42.2%) when
compared to patients without tumor necrosis (90.2%).

Initial efforts to identify unique molecular features of
PXA with anaplastic features did not immediately meet
with success. Indeed, an observation was made that the
frequency of BRAF p.V600E mutation was, in fact, lower
in cases showing anaplastic features (9/19 cases, 47.4%)
than in PXA without such anaplasia (30/40 cases, 75%)
[13, 36]. A more recent study of 24 PXA and 14 A-PXA
primary resection specimens using the OncoScan chro-
mosomal microarray revealed that the rate of CDKN2A/B
deletion in PXAs (83%) was similar to that in A-PXAs
(93%), and equivalent regardless of BRAF mutation status,
with BRAF p.V600E (87%) and BRAF wild type (87%)
(Fig. 2f) [37]. Histologic grade correlated best with over-
all survival (p =0.003), unlike specific molecular features.
While whole chromosome gains/losses were frequent,
chromosomal losses and copy-neutral LOH involving
chr22 and chrl4 were significantly more common in
A-PXA. These changes, however, ranged from identical
profiles before and after anaplastic transformation, to
numerous copy-number changes, highlighting the com-
plexity of molecularly separating anaplastic tumors from
their regular counterparts [37].

There is still no molecular marker uniquely or specifi-
cally associated with anaplastic features in PXA. A study
that retrospectively reviewed 55 PXAs found that the TERT
promoter was mutated more frequently in PXA than in
A-PXA, but this failed to reach statistical significance, and
would alter likelihoods rather than serve as a specific marker
[38]. Another study examining tissue from 15 patients with
A-PXA, including 4 patients with multiple recurrences (2
of which showed anaplastic transformation), confirmed that
CDKNZ2A homozygous deletion in combination with RAF
alterations is a defining genetic feature of both PXA and
anaplastic PXA [39]. Like the studies above, alterations in
TERT were frequent (47%) and chromosomal copy-number
alterations were widespread, but ultimately cannot, by them-
selves, separate anaplastic tumors from the rest [39]. Rare
alterations in the MAPK pathway in the absence of BRAF
p-V600E have been reported in A-PXA; for instance, NRF I-
BRAF and ATG7-RAF1 fusions [40].
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Fig.2 Anaplastic pleomorphic xanthoastrocytoma (A-PXA) (WHO
grade III): pathology and molecular genetic features. A 40-year-
old man presented with a temporal lobe mass. Histologic features
included moderate cellularity, pleomorphism, and numerous eosino-
philic granular bodies (a). In addition, mitotic activity was easy to
find (b). Cellular areas with a paradoxic decrease in pleomorphism
and epithelioid morphology are a feature of some A-PXA (c). There

is an increase in reticulin deposition (d) and CD34 expression (e) in
this A-PXA. Detection of V60OE by pyrosequencing assay (f). Anal-
ysis of sequence flanking the T > A hotspot (yellow shading) within
codon 600 allows for the detection of V60OE mutation. Nucleotide
dispensation order and the numerical positions 5 and 10 are shown
below the pyrogram
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Ganglioglioma, WHO grade |

While gangliogliomas (GG) can occur anywhere in the
CNS, they are most commonly present in the temporal
lobe (79%) and frontal lobe (12%) of children and young
adults [41]. GGs are the tumor most commonly associated
with chronic, treatment-resistant temporal lobe epilepsy,
and, therefore, are a part of the entities grouped under
‘long-term epilepsy associated tumors (LEATS) [42]. On
imaging, about two-thirds of tumors have a cystic, some-
times septated appearance with a mural nodule, or may
be a solid mass isointense to the gray matter on T1-WI.
There is no mass effect. Calcification can often be seen on
CT [43]. GGs are indolent tumors, with a recurrence-free
survival rate estimated at 97% over a 7.5 year-period [41].

Gangliogliomas (GG) are WHO grade I, well-differ-
entiated, slow-growing glioneuronal tumors comprised of
neoplastic ganglion cells and neoplastic glial cells. Neo-
plastic ganglion cells will have a lack of cytoarchitectural
organization with clustering and cytomegaly, with binucle-
ated forms in less than half of the cases. Perimembranous
aggregation of Nissl substance may be seen, along with
eosinophilic granular bodies and, more rarely, Rosenthal
fibers. The fibrillary matrix surrounding these elements
is generally conspicuous and may include myxoid degen-
eration, microcystic changes, and dystrophic calcification.
Mitoses and necrosis are rare, but not incompatible with
the diagnosis. Extensive lymphoid infiltrates may be pre-
sent within the parenchyma or along perivascular spaces,
and a malformative capillary network component may be
seen.

Immunophenotype. GFAP will stain the glial com-
ponent, while the neuronal component may stain with
MAP2, neurofilaments, chromogranin-A (more robust in
dysplastic neurons than normal ones), and synaptophysin.
CD34 will stain most gangliogliomas, especially in the
temporal lobe, including neural cells in peritumoral cortex
[44]. Antibodies against the BRAF pV600E mutation can
be used to identify ganglion cells in tumors bearing this
genetic abnormality.

Molecular features

A series of 61 GGs screened with array-based comparative
genomic hybridization indicate that 66% of ganglioglio-
mas have chromosomal abnormalities, with frequent gains
of chr7 (21%) and frequent losses of chr22 (16%) [45].
BRAF p.V600E mutation is identified in ~20-60% GGs
[25, 27, 46, 47]. Again, BRAF p.V600E is not specific to
gangliogliomas. Mutant BRAF protein is detected for the
most part in ganglion cells, but can also be found in the
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other tumor components [46]. A small study examined
three gangliogliomas that did not have a BRAF V600E
mutation with the goal of uncovering alternative genetic
aberrations. They identified BRAF-KIAA1549 and MACF1
as parallel means to activate the MAPK pathway [33]. IDH
mutations should not be present in ganglioglioma and, if
found, should prompt strong consideration of diffuse gli-
oma [47, 48], which may contain neoplastic ganglion cells
on occasion [49]. Likewise, combined loss of 1p and 19q
should exclude a diagnosis of GG.

A recent series of 54 pediatric midline GGs examined
the co-occurrence of BRAF p.V600OE mutations and H3
K27M mutations. Half of the patients had a BRAF p.V600E
mutation and 9.3% had combined H3F3A/BRAF mutations
at diagnosis. There were no H3 K27M mutations in the
absence of BRAF mutations in this cohort. Importantly, the
authors caution against using H3 K27M mutation alone as
a marker for grade IV diffuse gliomas [50]. A case report
examining a ganglioglioma originating in the posterior fossa
uncovered a deletion in 9921 by aCGH that resulted in a
novel molecular fusion TLE4-NTRK? that made the patient
eligible for being treated by entrectinib, a selective tyrosine
kinase inhibitor [51].

A recent study used targeted the next-generation sequenc-
ing on a cohort of 40 gangliogliomas to try to uncover muta-
tions beyond the well-known BRAF p.V600E, as well as
interacting mutations and additional copy-number alterations
[52]. While only 18 tumors had the BRAF V600OE mutation,
36/40 had genetic alterations targeting the MAPK pathway,
including different BRAF mutations and fusions, KRAS and
RAFI mutations, FGFR1/2 alterations, and a case of bial-
lelic NF1 mutation. A few of these tumors additionally had
a CDKN2A homozygous deletion and one also had a sub-
clonal PTEN mutation. Of the four tumors without MAPK
alterations, one was found to have a novel ABL2—GAB?2 gene
fusion [52].

Anaplastic ganglioglioma, WHO grade lli

Anaplastic ganglioglioma (AGG) refers to a subset of GGs
with elevated mitotic activity in the anaplastic glial com-
ponent of this mixed glioneuronal tumor and will often
additionally demonstrate increased cellularity and pleomor-
phism, microvascular proliferation, and necrosis (Fig. 3a—d)
[34]. The WHO states that the “exclusion of diffuse glioma
with entrapped pre-existing neuronal cells is obligatory for
the diagnosis of anaplastic ganglioglioma and may be facili-
tated by additional genetic analysis” [48].

A small case study focusing on two gangliogliomas and
their anaplastic recurrences identified losses of CDKN2A/B
and DMBT] or amplification of CDK4 [45]. However, these
changes were already present in the original lesion and are,
therefore, not specific to the anaplastic process. A CDKN2A
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Fig.3 Anaplastic ganglioglioma (A-GG) (WHO grade III): pathology
and molecular genetic features. A-GG with a neoplastic ganglion cell
component (a) and a cellular astrocytic component with brisk mitotic
activity (arrows) (b). CD34 (c¢) and OLIG2 (d) expression in A-GG.

deletion was also identified in 2/3 AGG [53]. Yet another
small series examined BRAF p.V600E mutations and found
a frequency of 3/6 [27] (Fig. 3e, ).

Until recently, only small series were available to try to
address the difference in prognosis afforded by this ana-
plastic transformation, leading to results that were hard to
interpret or extrapolate from. However, its persistence as an
independent entity in the most recent WHO classification
(2016) has motivated larger analyses. For example, a study

Somatic Copy Number Alterations.

Next-generation sequencing detected ¢.1799T > A substitution, result-
ing in BRAF V600E mutation (e) and homozygous loss of CDKN2A
(mean Log?2 ratio: —3.818) and CDKN2B (mean Log2 ratio: —3.957)
®

by Zanello and colleagues assessed AGGs in a retrospective
series including 18 patients (13 adults and 5 children) with
AGGs (14 de novo and 4 secondary) representing 8% of
the larger GG cohort of 222 [54]. They reported a median
progression-free survival of 10 months and a median over-
all survival of 27 months, which renders AGGs a far more
aggressive entity than their GG counterpart [54]. From
a molecular point of view, this cohort shared the BRAF
p.-V600E mutations (39%) seen in GG, but also hTERT
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promoter mutations (61%), p5S3 accumulation (39%), ATRX
loss (17%), and p.K27M H3F3A mutations (17%) [54].

A multicenter French group retrospectively evaluated
43 adult cases to gain insight into the natural course and
prognosis of anaplastic gangliogliomas [55]. Their results
support a challenging pathological diagnosis (needing to
exclude a fifth of the originally available cases due to mis-
classification) and very poor survival that was nearly analo-
gous to glioblastoma. Indeed, median progression-free sur-
vival was reported at 8.0 months, median overall survival at
24.7 months, and 3-year and 5-year survival rates at 38.4%
and 24.9%, respectively [55]. In addition, this group suggests
that survival benefits are associated with complete resection
and adjuvant chemoradiotherapy [55].

Finally, a systematic review of pediatric anaplastic gangli-
ogliomas in 2018 included 24 studies following 34 patients
[56]. Mean patient age was 9.18 years and all underwent
surgery. Mean overall survival was 43 months, with 1- and
3-year survival being 76.6% and 45.5%, respectively [56].
These numbers, while not as dire as those reported by the
Zanello et al. study, still reflect the far poorer prognosis of
AGGs as compared to GGs.

Miscellaneous tumors

Although anaplastic changes are best recognized in the cir-
cumscribed tumors described above, they also may rarely
develop in other tumors. These include dysembryoplastic
neuroepithelial tumor [57-59]. Desmoplastic infantile gan-
glioglioma is another circumscribed WHO grade I tumor
that may contain high-grade histologic areas resembling
glioblastoma or embryonal tumors [60]. However, these
should not lead to upgrading of these tumors, since they are
not necessarily associated with a worse outcome.

Conclusions

In reviewing two circumscribed gliomas (pilocytic astro-
cytoma and pleomorphic xanthoastrocytoma) and the gli-
oneuronal tumor ganglioglioma, as well as their anaplastic
counterparts, some general themes emerge. First and fore-
most, case series, while often limited by the rarity of these
tumors and therefore statistical power, do support the notion
that anaplastic features portend a significantly worse prog-
nosis, thus justifying and emphasizing the need to better
understand and identify anaplastic variants of known tumors.

Anaplastic PXAs only earned their official WHO des-
ignation within the last revision in 2016. Anaplastic PAs
remain an unofficially handled entity, although at this point
with equivalent evidence to support a difference in progno-
sis and similar classification systems (i.e. mitotic counts), it
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is reasonable to expect anaplastic pilocytic astrocytoma to
be included in the next revision of the WHO classification.
Indeed, disease categories within CNS tumors continue to
evolve despite the maturity of the field in large part due to
the success of molecular diagnoses and the proliferation of
better clinical searchable databases.

Surprisingly, these anaplastic entities have, by and large,
the same genetic aberrations as their classic counterparts.
For example, they all have BRAF alterations in a substantial
proportion of cases, and it even appears that the frequency
may be lower in some anaplastic tumors. In some cases,
there is evidence of an increased number of copy-number
alterations in anaplastic recurrences, but this is hard to sepa-
rate from the natural tendency to accumulate further changes
over time, even in the absence of transformation. In the case
of anaplastic changes in PA, ATRX alterations and ALT are
frequent events, and, in our experience, may be identifiable
in putative non-anaplastic precursor’s years prior to the iden-
tification of histologic anaplasia. However, in rare instances,
they are clearly identifiable only during tumor progression.

Further studies will reveal additional genetic aberrations
in these tumors, and it stands to reason that we will be able
to identify alterations that help to differentiate anaplastic
transformation more reliably. Even so, the genetic diversity
uncovered so far, and the lack of clear recurring alterations
that are specific to anaplasia (or to individual non-anaplastic
tumor types, for that matter) underscores the importance
of continued integrated diagnoses with strong emphasis on
histopathologic morphology, immunohistochemistry, and
the addition of emerging areas of discovery, such as epi-
genetics and regulatory RNAs, to our molecular diagnostic
tumor panels.
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