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Abstract

Pleomorphic xanthoastrocytoma (PXA) poses a diagnostic challenge. The present study relies on methylation-
based predictions and focuses on copy number variations (CNV) in PXA. We identified 551 tumors from patients
having received the histologic diagnosis or differential diagnosis pleomorphic xanthoastrocytoma (PXA) uploaded
to the web page www.molecularneuropathology.org. Of these 551 tumors, 165 received the prediction “meth-
ylation class (anaplastic) pleomorphic xanthoastrocytoma” with a calibrated score >=0.9 by the brain tumor
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classifier version v12.8 and, therefore, were defined the PXA reference set designated mcPXAref. In addition to
these 165 mcPXAref, 767 other tumors received the prediction mcPXA with a calibrated score >=0.9 but without
a histological PXA diagnosis. The total number of individual tumors predicted by histology and/or by methylome
based classification as PXA, mcPXA or both was 1318, and these were designated the study cohort. The selection
of a control cohort was guided by methylation-based predictions recurrently observed for the other 386/551
tumors diagnosed as histologic PXA. 131/386 received predictions for another entity besides PXA with a score
>=0.9. Control tumors corresponding to the 11 most common other predictions were selected, adding up to 1100
reference cases. CNV profiles were calculated from all methylation datasets of the study and control cohorts.
Special attention was given to the 7/10 signature, gene amplifications and homozygous deletion of CDKN2A/B.
Comparison of CNV in the subsets of the study cohort and the control cohort were used to establish relations
independent of histological diagnoses. Tumors in mcPXA were highly homogenous in regard to CNV alterations,
irrespective of the histological diagnoses. The 7/10 signature commonly present in glioblastoma, IDH-wildtype,
was present in 15-20% of mcPXA, whereas amplification of oncogenes (likewise common in glioblastoma) was
very rare in mcPXA (<1%). In contrast, the histology-based PXA group exhibited high variance in regard to meth-
ylation classes as well as to CNVs. Our data add to the notion, that histologically defined PXA likely only represent
a subset of the biological disease.

Keywords: Pleomorphic Xanthoastrocytoma, PXA, Copy Number Variations, CNV, Methylation, Classification, 7/10 signature, EGFR,
CDKN2A/B, Amplification, Homozygous deletion

The present study has a very limited scope ad-
dressing only the three parameters: the initial histo-
logical diagnosis, the DNA methylation-based tumor
prediction and copy number variations (CNVs). Thus,
in 932 tumors with a Heidelberg classifier prediction

Introduction

Since its first description in 1979 (1), pleo-
morphic xanthoastrocytoma (PXA) has posed a no-
table diagnostic challenge. Opinions on appropriate

diagnostic parameters vary, resulting in debates on
the defining characteristics of the entity itself as well
as on the diagnosis of many individual tumors. The
current WHO classification renders specific morpho-
logical features including pleomorphism, presence
of multinucleated as well as spindle cells, xan-
thomatous cells and eosinophilic granular bodies as
essential (2,3). Molecular alterations including BRAF
mutation, homozygous deletion of CDKN2A/B and
the methylome profile of PXA (mcPXA) are currently
considered as desirable criteria for confirming a di-
agnosis. A major problem is that only a fraction of
tumors receiving the prediction mcPXA do exhibit
the classical morphological features of PXA (and
conversely, many tumors histologically called PXA
show molecular features typical of other entities).
The central dispute revolves around the question,
how tumors with a methylation profile of PXA lack-
ing the histological hallmarks should be classified.
Several studies have addressed this problem with-
out coming to a consensus as for now (4-7).

of mcPXA, the only additional parameters addressed
are initial diagnosis and CNVs. Conveniently, CNVs
can be read out of array-based methylome data and
allow for the determination of chromosomal losses
and gains including gene amplifications and homo-
zygous deletions. We determined the distribution of
CNVs focusing on regions and genes known to be rel-
evant in PXA and other morphological mimics. Based
on the large number of datasets included, the con-
clusions can be considered very robust despite the
intentional limitations on scope.

Material and Methods

Selection of study and control cohorts

The basis for all tumors included in this study
was presence of an lllumina HumanMethylation450
(450K) or EPIC dataset. There were 120800 tumors
in the database of the Department of Neuropathol-
ogy Heidelberg and German Cancer Research Center
(DKFZ) containing data from the Heidelberg Brain
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Figure 1: Graphical description of the study groups: Of 932 tumors receiving a classifier prediction (calibrated score >=0.9), 767 did not
receive a histological PXA diagnosis and the latter were designated as mcPXA. 165 of the 932 also were diagnosed histologically as PXA
(or PXA was in the differential diagnosis) and these were designated as mcPXAref. A control group containing 11 mc with 100 tumors each
was selected based on the most frequent predictions in tumors histologically diagnosed as PXA but with other classifier predictions.

Tumor  Classifier (www.molecularneuropathol-
ogy.org) (date: 01. Aug. 2023). Of these, 932 tumors
were predicted as belonging to the methylation
class pleomorphic xanthoastrocytoma (mcPXA) by
the Heidelberg Brain Tumor Classifier version 12.8
with a calibrated score >=0.9. Version 12.8 has been
further developed from a previously published ver-
sion 11b4 (8). In an independent query, we identi-
fied all tumors in the database for which the histo-
logical diagnosis or differential diagnosis PXA has
been disclosed by the submitters. This yielded 551
tumors. One hundred and sixty-five tumors received
both, the prediction of mcPXA and the diagnosis or
differential diagnosis PXA and these were desig-
nated the mcPXA reference set (mcPXAref). Thus,
the central study cohort included 1318 cases. A
graphical depiction of the study cohort is provided
in Figure 1. An overview of the classifier predictions
for 551 histological PXA is given in supplementary
table 1. All predictions with a calibrated score >=0.9
occurring at least twice were considered relevant
differential molecular diagnoses of histological PXA.
Reference sets of 100 corresponding tumors for
each class were compiled for eleven differential di-
agnoses. All tumors in the reference sets received a
prediction with a calibrated score >=0.9 in the brain
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tumor classifier V12.8. This resulted in a reference
cohort totaling 1100 methylation datasets.

The reference cohort included: mc Diffuse pae-
diatric-type high grade glioma, RTK1 subtype, sub-
class A (mcpedHGG_RTK1A); mc Ganglioglioma
(mcGG); mc Glioblastoma, IDH-wildtype, atypical
mesenchymal type (mcGBM_MES_ATYP); mc Glio-
blastoma, IDH-wildtype, RTK1 subtype
(mcGBM_RTK1); mc Glioblastoma, IDH-wildtype,
RTK2 subtype (mcGBM_RTK2); mc Glioblastoma,
IDH-wildtype, typical mesenchymal type
(mcGBM_MES_TYP); mc High-grade astrocytoma
with piloid features (mcHGAP); mc Infant-type hem-
ispheric glioma (mclHG); mc Infratentorial pilocytic
astrocytoma (mcPA_INF); mc Neuroepithelial tu-
mour with PATZ1 fusion (mcNET_PATZ1) and mc Su-
pratentorial pilocytic astrocytoma (mcPA_CORT).

Determination of CNV and summary CNV plots

tSNE analyses were performed using the R-
Package Rtsne (https://github.com/jkrijthe/Rtsne)
employing the 20,000 most variable CpG sites ac-
cording to standard deviation; 3000 iterations and a
perplexity value of 10.
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Figure 2: tSNE analysis of mcPXA, mcPXAref and reference sets. Tumors from the mcPXA and the mcPXAref cohorts cluster together and
are separated from the reference sets. Parameters: tsne_cpgs_20000_perplexities_10_iter_3000_theta_0_eta_200_dim_2

CNV data were calculated from the output of
the lllumina 450K or 850K/EPIC platforms. CNV plots
are based on the raw data subjected to analysis by
the ‘conumee’ R package in Bioconductor
(http://www.bioconductor.org/packages/re-
lease/bioc/html/conumee.html). Assessment of
copy-number alterations was automated using the
results from conumee after additional baseline cor-
rection. Amplifications were called if the respective
probes exhibited a value higher than 0,55 on a log2-
scale. Homozygous deletions were called if the re-
spective probes exhibited a value lower than -0.4 on
a log2-scale.

Statistics

All data sets were collected retrospectively.
Distribution of nominal data was tested employing
Fisher’s exact test.

Results

Diagnoses in mcPXA

Tumors with a mcPXA prediction but without a
PXA diagnosis (n=767) received another diagnosis in
399 instances. No diagnosis was provided for 368
cases. Diagnoses were slightly simplified to allow for
categorization. A list of given diagnoses is provided
in supplementary table 2.

tSNE of mc PXA, mcPXAref, and reference sets

Using t-distributed stochastic neighbor embed-
ding (t-SNE) we analyzed all tumors of the study co-
hort and reference sets (Figure 2). Tumors receiving
the classifier prediction mcPXA were annotated ac-
cording to presence (mcPXAref) or absence (mcPXA)
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Figure 3: Summary CNV plots of mcPXA, mcPXAref and reference sets.
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of the histological diagnosis (or differential diagno-
sis) of PXA. Importantly, the distribution within
mcPXA and mcPXAref is similar. This demonstrates
that the morphological features defining histological
PXA cannot readily single out a subpopulation within
mcPXA associated with ‘canonical’ features.

Summary CNV (sumCNV) plots of mcPXA,
mcPXAref and reference sets

For an overview, summary CNV (sumCNV) plots
were generated for all cohorts. Tumors with the
classifier prediction PXA were divided in two sub-
groups, depending on whether the histological (dif-
ferential) diagnosis was PXA (mcPXAref, n=165) or
another histological diagnosis or no diagnosis was
given (mcPXA, n=767).

SumCNV plots of mcPXAref and mcPXA were
virtually identical, indicating that the presence or
absence of the histological diagnosis PXA does not
associate with the frequency of any CNV (Figure 3).
The sumCNYV profiles of the 11 reference sets of dif-
ferential diagnoses were clearly distinct from the
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mcPXA and mcPXAref sumCNV profiles. Notable dif-
ferences can be observed between the 4 glioblas-
toma IDH wildtype subgroups containing 100 sam-
ples each. Most evident was the highest proportion
of the 7/10 signature and an increased incidence of
trisomies of chromosomes 19 and 20 in GBM IDH
wildtype RTK2. These differences will be followed up
in larger cohorts. Summary CNV profiles are pro-
vided in Figure 3.

Prevalence of the 7/10 signature in mcPXA,
mcPXAref and reference sets

Combined gain of chromosome 7 and loss of
chromosome 10, dubbed 7/10 signature, is a very
frequent molecular feature of glioblastoma. The
best parameters for defining the 7/10 signature
have not yet been established. In this study, a previ-
ously published algorithm has been employed (9).
Presence of the 7/10 signature was scored if gain of
at least 50% of the short or the long arm of chromo-
some 7 coincided with loss of at least 50% of the
short or the long arm of chromosome 10. The 7/10
signature according to this guideline was not ob-
served at all in Infant-type hemispheric glioma.

group n 7p 7q 10p 10q 7/10

(gain>50%) (gain>50%) (del>50%) (del>50%) signature
mcpedHGG_RTK1A 100 10 4 11 6 2
mcGG 100 29 30 3 3 2
mcGBM_MES_ATYP 100 60 54 57 51 38
mcGBM_RTK1 100 82 80 82 86 75
mcGBM_RTK2 100 84 88 98 95 92
mcGBM_MES_TYP 100 76 76 77 78 64
mcHGAP 100 28 7 5
mclHG 100 4 0
mcPA_INF 100 10 11 0 1 1
mcNET_PATZ1 100 5 6 8 10 1
mcPA_CORT 100 28 26 1 0 1
mcPXA 767 268 244 291 257 145 (19%)
mcPXAref 165 50 48 49 44 24 (15%)
sum 2032

Table 1: Distribution of chromosomal 7 gains and 10 losses in mcPXA, mcPXAref and in reference sets
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Supratentorial pilocytic astrocytoma and Gangliogli-
oma typically exhibiting frequent gain of chromo-
some 7 (Figure 3) both presented with the 7/10 sig-
nature in 1% and 2% of the cases, respectively. Like-
wise, the 7/10 signature occurred in only 1% of In-
fratentorial pilocytic astrocytoma; however, this tu-
mor group much more rarely exhibited chromosome
7 gains. Only 2% of Diffuse paediatric-type high
grade glioma, RTK1 subtype, subclass A carried the
7/10 signature. Among the glioblastoma subtypes
we detected a presumably nonrandom difference in
the frequency of 7/10 signature ranging from 38% in
mcGBMmes_atypical to 92% in GBM_RTK2. These
differences will be followed up in a larger cohort of
glioblastomas. Our study demonstrated the pres-
ence of the 7/10 signature in 24/165 (15%)
mcPXAref and in 145/767 (19%) mcPXA. The differ-
ence in frequencies of the 7/10 signature in both
groups was not significant (Fisher’s exact test p
>0.29). The distribution of numerical alterations on
the chromosomal arms 7 and 10 in mcPXAref,
mcPXA and the 11 control groups is shown in

Reuss et al
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table 1. Data for 2418 individual tumors are pro-
vided in supplementary table 3.

Prevalence of the CDKN2A/B homozygous dele-
tion and gene amplifications in mcPXA,
mcPXAref and reference sets

A hallmark chromosomal numerical alteration
in PXA is a homozygous deletion on chromosomal
arm 9p including the CDKN2A/B locus (7,10). This al-
teration was seen in 147/165 (89%) mcPXAref and in
685/767 (89%) mcPXA. Due to the high frequency of
this alteration in GBM, PXA cannot be separated
from GBM on these grounds. Again, we observed
different frequencies of homozygous CDKN2A/B de-
letions in GBM subgroups, ranging from 40% in Gli-
oblastoma, IDH-wildtype, mesenchymal to 79% in
Glioblastoma, IDH-wildtype, RTK2. The differences
likely are non-random and will be followed up. As
expected, high-grade astrocytoma with piloid fea-
tures exhibited a high proportion of homozygous
CDKN2A/B deletions (80%).

group n EGFR amp MDM2 amp PDGFRA amp CDKN2A/B
(gain>5.5) (gain>5.5) (gain>5.5) (loss<-0,4)

mcpedHGG_RTK1A 100 2 3 13 23
mcGG 100 0 0 0 0
mcGBM_MES_ATYP 100 2 0 1 45
mcGBM_RTK1 100 14 23 18 52
mcGBM_RTK2 100 86 11 5 79
mcGBM_MES_TYP 100 21 4 0 40
mcHGAP 100 0 2 0 80
mclHG 100 0 0 0 2
mcPA_INF 100 0 1 1 0
mcNET_PATZ1 100 0 0 0 3
mcPA_CORT 100 0 0 0 0
mcPXA 767 2 4 1 685 (89%)
mcPXAref 165 0 2 0 147 (89%)
sum 2032

Table 2: Distribution of amplifications and homozygous CDKN2A/B deletions in mcPXA, mcPXAref and in reference sets

freeneuropathology.org


https://doi.org/10.17879/freeneuropathology-2023-5156

Free Neuropathology 4:19 (2023)
doi: https://doi.org/10.17879/freeneuropathology-2023-5156

Gene amplifications affecting EGFR, MDM?2
and PDGFRA were rare in mcPXA and PXA. Highest
incidences for EGFR amplification were observed in
Glioblastoma, IDH-wildtype, RTK2 (86%), for MDM2
amplification in Glioblastoma, IDH-wildtype, RTK1
(23%) and for PDGFRA amplification also in Glioblas-
toma, IDH-wildtype, RTK1 (18%). The distribution of
homozygous CDKN2A/B deletions in mcPXAref,
mcPXA and reference sets as well as the distribution
for gene amplifications is given in table 2. Data for
2418 individual tumors are provided in supplemen-
tary table 4.

Predictions in tumors diagnosed as PXA

In the 551 tumors which received the diagnosis
or differential diagnosis PXA, 296 tumors received a
score >=0.9. Highest numbers for predictions (all
scores / scores >= 0,9) were received for mcPXA
(208/165), mcGBM_MES_TYP (108/59),
mcPA_CORT (22/11), methylation class control tis-
sue, reactive tumor microenvironment (mcCTRL-
micro) (30/8), mcGBM_RTK2 (13/6), mcHGAP
(15/5), mcIHG (5/4), mcGBM_RTK1 (4/3), mcPA_INF
(3/3), mcNET_PATZ1 (4/3), methylation class Astro-
cytoma, IDH-mutant (mcAIDHmut) (3/2), mc Diffuse
hemispheric glioma, H3 G34-mutant (DHGH3mut)
(2/2), mcpedHGG_RTK1A (5/2), mcGG (12/2),
mcGBM_MES_ATYP (17/2) and mc Malignant pe-
ripheral nerve sheath tumor (mcMPNST) (6/2). All
predictions for the 551 tumors are listed in supple-
mentary table 1.

As expected, a substantial portion of tumors
with a histological PXA diagnosis or suspicion re-
ceived a prediction for glioblastoma. Surprising was
the distribution among the four adult glioblastoma
subclasses. The mcGBM_MES_TYP was predicted
with high score in 62, mcGBM_MES_ATYP in 5,
mcGBM_RTK2 in 6 and mcGBM_RTK1 in 3 tumors.
This is suggestive of shared histological features of
PXA with GBM belonging to the mcGBM_MES_TYP.
PXA with predictions other than mcPXA and cali-
brated scores >0.9 clustered well with the respective
reference groups (Figure 4). PXA with predictions
other than mcPXA and calibrated scores <0.9 exhib-
ited a scattered distribution (data not shown).
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Discussion

One major weakness of the present study con-
cerns the available data on histological diagnoses of
the extended cohort (supplementary table 2). For
386/932 tumors with a mcPXA prediction no suffi-
ciently specified diagnosis was given. Submitters of
data to the webpage may have been inexperienced,
may have been not overly motivated to provide the
(optional) information or may have uploaded data
prior to finalization of the diagnosis. The webpage
serving as a basis for the study does not allow for
submitting a revised version of the diagnosis upon
completion of methylation analysis. A review of the
diagnoses is unfortunately not possible. Therefore,
we assume that many of the tumors which received
a prediction mcPXA also would have received the
histological classification PXA. This very large tumor
series, however, allows drawing of two main conclu-
sions: 399/932 tumors with a clear molecular pat-
tern (DNA methylation and CNV profile) of PXA re-
ceived a non-PXA histological diagnosis - suggesting
a high morphological variance in mcPXA that pre-
cluded a histological PXA diagnosis in at least 43%
and up to 82% of the cases (depending on scoring of
the 386 tumors without a diagnosis at all). A con-
servative estimate would therefore estimate that
~50% of mcPXA will not be recognized by histology
alone. The other conclusion is that the 165 tumors
with both a PXA diagnosis as well as a mcPXA predic-
tion is large enough for serving as a ‘standard’ refer-
ence set for subsequent comparisons with the 762
mcPXA not having received a PXA diagnosis.

Tumors with mcPXA prediction are highly ho-
mogenous in respect to grouping upon tSNE anal-
yses or CNV analyses independent of whether they
were histologically diagnosed as PXA or as other tu-
mors (Figures 2 and 3, tables 1 and 2). This includes
all methylation patterns, gains and losses of chro-
mosomal arms as well as circumscribed amplifica-
tions or homozygous deletions. In contrast, tumors
diagnosed as PXA on histologic grounds alone were
heterogeneous upon tSNE (Figure 4) and CNV anal-
yses (supplementary tables 3 and 4). Histologically
diagnosed PXA with non mcPXA classifier prediction
exhibited copy number alterations corresponding to
those seen in the respective methylation classes.
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Figure 4: tSNE analysis of tumors diagnosed as PXA receiving a calibrated score >0.9, and reference sets. Tumors not receiving a mcPXA

prediction cluster with the respective reference groups.

Parameters: tsne_cpgs_20000_perplexities_10_iter_3000_theta_0_eta_200_dim_2

This data constellation is compatible with a model
assuming that a classifier-based approach predicting
mcPXA is recognizing a tumor cohort more homoge-
nous than a histology-based approach diagnosing
PXA.

Based on the high homogeneity of mcPXA and
mcPXAref this study provides a stable framework for
CNV alterations. This is of relevance for separating
PXA from GBM. The 7/10 signature has been pro-
posed by WHO as a surrogate marker for GBM diag-
nosis in absence of necrosis or microvascular prolif-
eration. The present data demonstrate that the 7/10
signature is present in 15% to 20% of mcPXA, sug-
gesting caution is advised when considering this as a
sole marker. This must be balanced against the clear
value of the 7/10 signature especially in tissue spec-
imens from the tumor edges or from stereotactic bi-
opsies in elderly patients.

Amplifications of EGFR, MDM2 and PDGFRA oc-
curred in 9/932 (< 1%) mcPXA (table 2). In contrast,
gene amplifications are highly prevalent in GBM, alt-
hough there appear to be methylation class specific
differences in the frequency of distinct amplifica-

tions. The presence of these gene amplifications
may be considered an argument against the diagno-
sis of PXA. The frequency of homozygous CDKN2A/B
deletions in 932 mcPXA is close to 90% which ex-
ceeds the incidence of this alteration in GBM and
HGAP. While very characteristic for PXA, the high
frequency of homozygous CDKN2A/B deletions does
not distinguish from GBM.

In conclusion, we are demonstrating a high ho-
mogeneity regarding CNVs and methylation pattern
in tumors receiving the methylation-based predic-
tion mcPXA, contrasted by a high heterogeneity in
histologically diagnosed PXA.

Our CNV findings in mcPXA, orthogonal to the
methylation class predictions, provide independent
evidence for the existence of a coherent group of tu-
mors that are unified not by their histopathology,
but rather by their composite genomic and epige-
nomic signature. Given the demonstrated morpho-
logical heterogeneity of mcPXA tumors, this work
contributes to providing an alternative for defining
PXA on molecular, rather than morphological
grounds.
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Supplementary tables

Supplementary table 1 (download)

Predictions of Heidelberg Classifier v12_8 in 551 tumors with the diagnosis or differential diagnosis of PXA.
Reference groups selected for frequent predictions with a calibrated score >=0.9 are highlighted in green. Astro-
cytoma, IDH-mutant and Diffuse hemispheric glioma, H3 G34-mutant were not included for their likely detection
by mutation specific antibodies. Malignant peripheral nerve sheath tumor (spinal or atypical type) was excluded

and Control tissue, reactive tumor microenvironment was also excluded.

Supplementary table 2 (download)

Diagnosies submitted to 767 methylation datasets receiving a Heidelberg Classifier v12_8 prediction of MCPXA

with a calibrated score >=0,9.

Supplementary table 3 (download)
Crosstable chromosomal arms, 2418 tumors

Supplementary table 4 (download)

Crosstable genes, selected amplification and homozygous deletions, 2418 tumors
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