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pRB immunostaining in the differential diagnosis between pleomorphic xanthoastrocytoma
and glioblastoma with giant cells

Aims: Pleomorphic xanthoastrocytoma (PXA) is a
rare circumscribed glioma, characterized by frequent
BRAF p. V600E mutation, and classified as grade 2
or 3. Owing to overlapping clinical–pathological fea-
tures, the histological distinction from glioblastoma
(GBM) with giant cells (GCs) is challenging. Based on
the high frequency of TP53 and RB1 alterations in
the latter, this study aimed to assess the value of
BRAF, p53, and pRB immunostainings in the differ-
ential diagnosis.
Methods and results: In 37 GBMs with ≥30% GCs
and in eight PXAs, we assessed the alterations of
409 cancer-related genes and immunostainings for
BRAF, p53, and pRB. GBMs with GCs were TP53-
mutated in 30 cases, RB1-altered in 11, and BRAF-
mutated in none. PXAs were BRAF-mutated in six
cases, TP53-mutated in three, and RB1-altered in

none. pRb immunostaining was lost in 25 GBMs (11
RB1-altered and 14 RB1-unaltered), retained in all
PXAs and six GBMs, and inconclusive in six GBMs.
pRb loss had 100% specificity and 80.6% sensitivity
for GBM with GCs. P53 immunostaining was
observed in 22 TP53-mutated GBMs and in one
TP53-mutated PXA. It showed 87.5% specificity and
60% sensitivity to identify GBM with GCs. BRAF
immunostaining corresponded to BRAF mutation sta-
tus and it had 100% specificity and 75% sensitivity
for detecting PXA.
Conclusion: This study shows for the first time that
loss of pRB immunostaining is sensitive and specific
for distinguishing GBM with GCs from PXA in routine
practice. Thus, it could complement an immunohisto-
chemical panel that includes BRAF and p53
immunostainings for the differential diagnosis.
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Introduction

Pleomorphic xanthoastrocytoma (PXA) is a rare cir-
cumscribed astrocytic glioma1 that is mainly localized
to the temporal lobe2,3 and affects children and
young adults.3 It is histologically characterized by a

mixture of pleomorphic (often multinucleated and
sometimes lipidized), epithelioid, or spindle cells, fre-
quent eosinophilic granular bodies and lymphocytic
infiltration, and genetically by recurrent BRAF p.
V600E mutation (76.1%) and CDKN2A homozygous
deletion (84%).3 Based on the mitotic count, it is clas-
sified as grade 2 or grade 3.1

Owing to its histological features, PXA should be
distinguished from several other tumours, including
giant-cell glioblastoma (GBM).1 This is a subtype of
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GBM that features a gross circumscription, and is his-
tologically characterized by multinucleated giant cells
in a background of small, often fusiform cells, and
lymphocytic infiltrate.4 The molecular landscape of
giant-cell GBM is dominated by impairment of the
TP53/MDM2 and PTEN/PI3K pathways.5 Thus,
strong and diffuse p53 immunostaining favours
giant-cell GBM in the differential diagnosis of PXA.6

Nonetheless, not all TP53 mutations result in p53
immunohistochemical overexpression,7 and PXAs
may rarely harbour TP53 mutations.8

We recently found that, above the high frequency of
TP53 mutations, GBMs histologically featuring at least
30% giant cells (GCs) display a significantly higher
rate (25.6%) of RB1 alterations than conventional
GBMs (9.4%).5 This finding, also reported by other
authors,9 suggests that the alteration of RB1 could be
a further distinctive feature of GBMs with GCs.
The immunohistochemical loss of the retinoblastoma

protein (pRB), which is encoded by RB1, represents a
good surrogate for detecting RB1 alterations.10

Although pRB immunostaining was previously
assessed in GBMs,10,11 it was not specifically analysed
in the subgroup of GBMs with GCs or in PXAs.
In this study we aimed to assess and compare the

accuracy of pRB, p53, and BRAF p. V600E immunos-
tainings in the differential diagnosis between GBM
with at least 30% GCs and PXA, in a series of 45
cases genetically characterized using next-generation
sequencing (NGS).

Materials and methods

C A S E S

All PXAs diagnosed in our unit were revised by one
pathologist (V.B.) and the eight cases with a con-
firmed diagnosis were included in this study.
Thirty-two (cases 1GL, 5GL, 9GL, 42GL–71GL)

GBMs with GCs previously analysed in other stud-
ies5,12 and an additional five cases were also consid-
ered.
A pathologist (V.B.) revised the histological slides of

all cases, to assess the presence of eosinophilic granu-
lar bodies (EGB), lymphocytic infiltrate, and spindle
cells to establish the histological grade of PXA accord-
ing to the criteria of the 5th edition of the World
Health Organization (WHO) classification of central
nervous system (CNS) tumours,13 and to quantify the
percentage of GCs in GBMs.5 A representative paraffin
block was selected for the immunohistochemical, fluo-
rescence in situ hybridisation (FISH) and molecular
(in cases 1X to 14X) analyses.

Data on the tumour localization and patients’ over-
all survival (OS) were retrieved using the clinical
records.

E T H I C S

This study was approved by the Local Ethics Committee
of AOUI Verona (protocol no. 35628, 2020/06/29).

M O L E C U L A R A N D C O P Y N U M B E R V A R I A T I O N

S T A T U S O F C A N C E R - R E L A T E D G E N E S

In 32 GBMs with GCs (cases 1GL, 5GL, 9GL, and
42GL–71GL), we had already assessed tumour muta-
tional burden (TMB), mutations, and copy number
variations (CNV) of 409 cancer-related genes using
the targeted NGS panel Oncomine Tumour Mutational
Load (TML) (Thermo Fisher, Waltham, MA, USA),
which covers 1.65 Mb of genomic space.5,12 In a sub-
set of cases (42GL–71GL), the results were confirmed
using the SureSelectXT HS CD Glasgow Cancer Core
assay (Agilent Technologies, Santa Clara, CA, USA).5

In the remaining five GBMs with GCs and eight
PXAs (cases 1X–14X), we used the Oncomine
Tumour Mutational Load (TML) panel (Thermo
Fisher) to assess the mutations and CNV of 409
cancer-related genes.
In brief, DNA was obtained from 10 formalin-fixed

paraffin-embedded (FFPE) consecutive 4-lm sections
of a representative paraffin block using the QIAamp
DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) and
qualified as previously reported.14 Sequencing was
performed on the Ion Torrent platform using 20 ng
of DNA for each multiplex polymerase chain reaction
(PCR) amplification and subsequent library construc-
tion. The quality of the libraries was evaluated using
the Agilent 2100 Bioanalyzer on-chip electrophoresis
(Agilent Technologies). Libraries were clonally ampli-
fied by emulsion PCR with the Ion OneTouch OT2
System (Thermo Fisher) and sequencing was per-
formed on Ion Proton (Thermo Fisher) loaded with
Ion PI Chip v3. Torrent Suite Software v.5.10
(Thermo Fisher) was used for data analysis, including
alignment to the hg19 human reference genome and
variant calling. The filtered variants were annotated
using a custom pipeline based on vcfib (https://
github.com/ekg/vcfib), SnpSift,15 Variant Efect Predic-
tor (VEP),16 and the NCBI RefSeq database. Addition-
ally, alignments were visually verified with the
Integrative Genomics Viewer (IGV) v.2.917 to confirm
the presence of identified mutations. Germline muta-
tions were assigned based on the method described
Sun et al.18
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CNVs were evaluated using OncoCNV v.6.8,19

comparing the BAM files obtained from tumour sam-
ples with those obtained from blood samples of four
healthy males. The software includes a multifactor
normalization and annotation technique that enables
the detection of large copy number changes from
amplicon sequencing data and permits the visualisa-
tion of the output per chromosome.

F L U O R E S C E N C E I N S I T U H Y B R I D I S A T I O N ( F I S H )

All cases were additionally tested for CNV of CDKN2A
using FISH and LSI CDKN2A/CEP 9 Probes (Vysis/
Abbott, Molecular Europe, Wiesbaden, Germany),
according to the manufacturer’s instructions. Slides
were examined using an Olympus (Tokyo, Japan)
BX61 fluorescence microscope equipped with a 1009
oil immersion objective and a triple bandpass filter for
simultaneous detection of Spectrum Orange, Spectrum
Green, and DAPI signals. Two hundred nonoverlap-
ping nuclei containing a minimum of two reference
probes (CEP 9 probe) signals were counted. Cases with
two green signals (control probe on chromosome 9
centromeres) and no orange signals (reference probe
on CDKN2A locus) in at least 30% of the cells were
considered to have CDKN2A homozygous deletion.

I M M U N O H I S T O C H E M I S T R Y

All samples were immunostained using antibodies
against RB gene protein (pRB) (clone 13A10, Leica
Biosystems, Newcastle, UK; dilution 1:150), p53 (clone
DO-7, Leica Biosystems,; 1:50) and BRAF (clone VE1,
Roche Diagnostics, Indianapolis, IN, USA; prediluted).
pRB immuno-expression was classified as “lost” when

the neoplastic cells were negative and the non-
neoplastic cells (internal positive control) were positive,
“retained” when both the neoplastic and non-neoplastic
cells were positive, and “inconclusive” when both the
neoplastic and non-neoplastic cells were negative.
p53 immuno-expression was considered positive in

cases showing strong staining in at least 10% of neo-
plastic cells.20,21

BRAF staining was classified as positive only in
cases with unequivocal cytoplasmic. BRAF p.V600E
mutated melanoma was used as a positive control.

S T A T I S T I C A L A N A L Y S I S

Given the limited number of PXAs in this cohort, we
performed a preliminary analysis to assess the power
to detect different pRb staining between these and
GBMs with GCs. Considering previous data, we

estimated that ~50% GBMs with GCs could feature
pRb loss due to either gene alterations5 or promoter
methylation.22 As a recent NGS analysis of 23 PXAs
reported no RB1 alterations,8 we approximated that
pRb loss could range from 0% to 10% in these
tumours. Under these hypotheses, the statistical
power to detect a difference in pRb expression ranged
from 95% (if real PXA loss = 0%) to 51% (if real
PXA loss = 10%). We applied Fisher’s exact test to
analyse whether histopathological (EGBs, lymphocytic
infiltrate, or spindle cell morphology), immunohisto-
chemical (pRB1, p53, and BRAF p. V600E immunos-
tainings) or genetic (CDKN2A homozygous deletion)
features were significantly different between GBMs
with GCs and PXA. The Mann–Whitney test was
applied to evaluate the differences in TMB counts and
age of onset in these two subgroups.
To estimate the diagnostic value of pRB�, p53+, and

BRAF p. V600E+ immunostainings in the differential
diagnosis between GBM with GCs and PXA, we calcu-
lated their sensitivity [true positive/(true positive+false
negative)] and specificity [true negative/(true negative+
false positive)] for GBM with GCs or PXA and assessed
their accuracy using the area under the receiver operat-
ing characteristic (ROC) curve (AUC).
Finally, we applied the Mantel–Cox log-rank test to

assess the strength of association between tumour
type (GBM with GCs versus PXA) and overall survival
(OS). OS was assessed using the Kaplan–Meier
method, using the date of surgery as the entry data
and length of survival until the patient’s death as the
endpoint. Patients who died of independent diseases
were censored.
Statistical significance was set at P < 0.05. Analy-

ses were performed using MedCalc for Windows ver-
sion 15.6 (MedCalc Software, Ostend, Belgium).

Results

E O S I N O P H I L I C G R A N U L A R B O D I E S ( E G B S ) , B U T

N O T L Y M P H O C Y T I C I N F I L T R A T E O R S P I N D L E C E L L

M O R P H O L O G Y , W E R E D I S T I N C T I V E T O P X A

The clinical–pathological, molecular, and immunohis-
tochemical findings are summarized in Figure 1. The
age of onset was significantly lower for PXAs (mean:
35 � 22 years; age range: 16–68 years) than for
GBMs with GCs (mean: 52 � 16.5 years; age range:
15–78 years) (P = 0.04). Half of PXAs (4/8) and
most GBMs with GCs (17/34 cases) were localized in
the temporal lobe.
Five PXAs were classified as grade 2 and three as

grade 3. EGBs were found in 7/8 PXAs (87.5%), but
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in no GBMs with GCs (P < 0.0001). Lymphocytic
infiltrate and spindle cell morphology characterized
all, or almost all (7/8), PXAs and most (27/37 and
25/37) GBMs with GCs (P = 0.168; P = 0.404,
respectively).
All the patients with PXA remained alive at a

follow-up of 14–67 months, while 20 patients with
GBMs (54%) died during the follow-up period of 8–
79 months. The OS length was significantly longer in
patients with PXA (P = 0.008).

R B 1 A L T E R A T I O N S W E R E S P E C I F I C T O G B M W I T H

G I A N T C E L L S

The genetic alterations of cases 42GL–71GL, 1GL,
5GL and 9GL were detailed in previous studies.5,12

Details of the mutations of 409 cancer-related genes
in cases 1X-14X are reported in Table S1.
All GBMs and PXAs were IDH1/2 wildtype.
Thirty GBMs with GCs (81%) and three PXAs

(37.5%) featured TP53 mutations (Figure 1). GBMs
with GCs had frequent PTEN (13/37; 35%) and RB1
(11/37; 30%) alterations, while these genes were
unaltered in all PXAs. A subset of GC-GBMs, but not
PXAs, had MMR genes and ATRX mutations, or
EGFR amplification (seven, five, and five cases,
respectively). Most PXAs (6/8; 75%), but not GC-
GBMs, had BRAF p. V600E mutation, which co-
occurred with CDKN2A homozygous deletion in four
cases (50%) and with CDKN2A hemizygous deletion
in one.
CDKN2A copy number variations were confirmed

using FISH analysis. CDKN2A homozygous deletion
had similar frequency in PXAs and GBMs with GCs
(P = 0.226).

C O N C U R R E N T G A I N S O F C H R O M O S O M E 7 A N D L O S S

O F C H R O M O S O M E 1 0 W E R E S P E C I F I C T O G B M W I T H

G C S

The status of chromosome arms was inferred based
on the chromosomal position of each gene.
Twelve (37%) GBMs with GCs, but no PXAs, had

concurrent loss of chromosome 10 and gains of chro-
mosome 7.
None of the cases harboured loss of the entirety of

chromosome 13.

T U M O U R M U T A T I O N A L B U R D E N ( T M B ) W A S

H I G H E R I N G B M W I T H G C S T H A N I N P X A

TMB counts ranged between 0.9 and 219.8 muts/Mb
(mean: 19.2 � 41.6; median 8.75) in GBMs with

GCs and between 0.8 and 2.7 muts/Mb (mean:
2.4 � 1.2; median: 2.61) in PXAs (P = 0.0001).
Thirteen GBMs with GCs, but no PXAs, were hyper-
mutated (TMB ≥ 10 muts/Mb).

P R B I M M U N O H I S T O C H E M I S T R Y S H O W E D H I G H

S P E C I F I C I T Y I N D I S T I N G U I S H I N G P X A

pRB staining could be assessed in 31 GBMs with GCs
(the remaining six cases had inconclusive staining)
and in all eight PXAs.
pRb loss was found in most GBMs with GCs (25/

31, 80.6%) but in no PXAs (100%) (P = 0.0001)
(Figure 2) (specificity: 100%; sensitivity: 80.6%; AUC:
0.903, P < 0.0001) (Table 1).
P53 staining was positive (diffusely and strongly in

the majority of tumour cells) in 22/37 (60%) GBMs
with GCs, but in only one (12.5%) PXA (P = 0.021)
(Figure 2) (specificity: 87.5%; sensitivity: 60%; AUC:
0.735, P = 0.0017) (Table 1).
BRAF p. V600E staining was positive in all six

BRAF mutated PXAs and negative in all GBMs with
GCs (P < 0.0001) (Figure 2) (specificity: 100%; sensi-
tivity: 75%; AUC: 0.875, P < 0.0001) (Table 1).

P R B I M M U N O H I S T O C H E M I C A L L O S S W A S F O U N D

A L S O I N R B 1 U N A L T E R E D G B M S W I T H G C S

Of the 25 GBMs with pRB loss, 11 displayed RB1
alterations (homozygous or hemizygous deletion cou-
pled with the truncating mutation of the other allele)
(Figure 1), four (cases 46GL, 51GL, 56GL, 58GL) had
RB1 variants of unknown significance (details in
Table S2), and 10 did not show any RB1 alterations
detectable using NGS.
All GBMs with GCs and the PXA with p53

immunohistochemical positivity had TP53 mutations,
but eight GBMs with GCs and two PXAs with TP53
mutations were negative for p53.
All PXAs BRAF p. V600E positive at immunohisto-

chemistry had BRAF p.V600E mutation.

Discussion

PXA and GBM with GCs share several clinical and
pathological features, including preferential localisa-
tion in the temporal lobes,1,2,4 age at onset in young
adults,3,23 and the histological presence of multinu-
cleated, pleomorphic and spindle cells, and lympho-
cytic infiltrates.3,4 These overlapping aspects may
result in difficulties in the differential diagnosis. How-
ever, PXA has a better prognosis (5-year overall
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survival: 80.8% for PXA grade 2 and 47.6% for
grade 33) than giant-cell GBM (5-year overall sur-
vival: 12.3%23) and grade 2 tumours may be cured
with total resection and without additional chemora-
diotherapy.24 Therefore, distinctive histological,
immunohistochemical, or molecular aspects, which
may aid in the differential diagnosis, are desired for
the proper treatments of patients.

The assessment of the DNA methylation profile has
proven to be a reliable method for the classification of
CNS tumours.25 A recent study showed that 40 of
220 tumours classified as PXA according to the
methylation profile had been histologically diagnosed
as GBM,26 emphasizing the challenges of the differen-
tial diagnosis between these two entities. Although
methylation analysis could be of significant help in

Figure 1. Clinical-pathological features, gene alterations, and immuno-expression of pRB, p53, and BRAF p.V600E in 37 GBMs with GCs

and 8 PXA. Samples are sorted by ID number and histological diagnosis. EGB, eosinophilic granular bodies.
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distinguishing between PXA and GBM for clinical
purposes, this does not give conclusive results in a
proportion of cases,26 and the need for sophisticated
instruments and specialized personnel makes it diffi-
cult to access this technology in many centres. Due
to the unavailability in our lab, it was not carried out
in this study.
Herein, we confirmed that GBM with GCs and PXA

share a preferential localisation in the temporal lobe;
although age at diagnosis partially overlapped, GBM
with GCs affected older subjects.
EGBs were exclusive to PXAs and represented a

useful distinctive aspect, while lymphocytic infiltrate
and spindle cell morphology were common to both
entities.

BRAF p. V600E mutation was found only in PXAs
and, in accordance with previous evidence,1,3 it rep-
resented the most frequent (75%) genetic alteration
in these tumours, co-occurring with CDKN2A
homozygous deletion in most cases. Notably, there
was a perfect agreement between NGS and immuno-
histochemistry, as BRAF-positive immunostaining
was restricted to the mutated cases. In accordance
with previous studies,27–29 we did not detect BRAF
mutations or BRAF p. V600E immunostaining in GC-
GBMs. Therefore, BRAF immunohistochemical posi-
tivity is an accurate diagnostic marker, with 75%
sensitivity and 100% specificity for PXA.
TP53 mutations were found in the majority (81%)

of GBMs with GCs and in three (37.5%) PXAs.

Figure 2. Different

immunostainings for pRB, p53,

and BRAF p. V600E in PXA

and GBM with GCs. PXA

retains nuclear pRB

immunostaining, is negative

(<10% stained cells) for p53,

and shows cytoplasmic

staining for BRAF p. V600E.

GBM with GCs is negative for

pRB, shows p53 staining, and

lacks BRAF p. V600E staining.

H&E: 9200 magnification;

pRB: 9400 magnification;

p53: 9200 magnification;

BRAF p. V600E: 9200

magnification.
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However, this resulted in p53 immunohistochemical
overexpression in only 22 (60%) of the former and in
one (12.75%) of the latter. Thus, p53-positive
immunostaining was 60% sensitive and 85% specific
for GBM with GCs in the differential diagnosis of PXA
in our series.
Based on the assumption that GBMs histologically

featuring at least 30% GCs are enriched in RB1 alter-
ations,5 we analysed for the first time the possible
diagnostic value of pRB immunohistochemistry in the
distinction between GBM with GCs and PXA. pRB
immuno-expression was lost in 25 GBMs with GCs,
but only 15 of these (60%) were RB1-altered at NGS.
This apparent discrepancy might be due to other RB1
inactivation mechanisms, such as promoter hyperme-
thylation, which was previously demonstrated in
GBMs featuring pRB immunohistochemical loss in the
absence of RB1 mutations or deletions.22 In accor-
dance with a previous study that did not demonstrate
RB1 alterations in 23 PXAs analysed using NGS,8 all
PXAs in our series were RB1 wildtype and retained
pRB immunohistochemical expression. Thus, pRB
immunohistochemical loss was 80.6% sensitive and
100% specific to GBM with GCs. The loss of pRB
immunostaining had a higher diagnostic accuracy
than p53 overexpression in distinguishing GBM with
GCs from PXA, as demonstrated by the AUC values.
However, pRB immunostaining was inconclusive in
six (16%) GBMs with GCs that showed negative neo-
plastic and non-neoplastic cells even upon repeated
assays. Since all cases with inconclusive staining were
dated more than 8 years, pRB immunostaining is
likely influenced by technical issues.
Recently, DNA methylation profiling identified a

new type of circumscribed high-grade glioma, named
high-grade glioma with pleomorphic and pseudopapil-
lary features (HPAP).30 This features RB1 alterations
in a frequency of 26%, pleomorphic multinucleated
giant cells in some cases, and characteristic entire loss
of chromosome 13,30 which was not observed in any
tumours of the present series.

CDKN2A homozygous deletion did not differ
between GBMs with GCs and PXA, whereas PTEN
alterations were frequent in the former and absent in
the latter. In accordance with a previous study,3

none of the PXA harboured co-occurring gains of
chromosome 7 and loss of chromosome 10, which is
considered a molecular hallmark of GBM,4 whereas
this was present in 37% of GBMs with GCs.
This study was the first to assess TMB in PXAs and

demonstrated a low rate of mutations in these
tumours, with a median of 2.61 mutations/Mb, and
no hypermutated cases. This represented a further
distinctive feature from GBMs with GCs, which dis-
played higher TMB counts and hypermutated
cases.9,12,28

In conclusion, this study demonstrates for the first
time that the immunohistochemical loss of pRB is
highly sensitive and 100% specific to GBM with GCs
in the differential diagnosis with PXA. If verified in
larger, multicentric, cohorts, pRB immunostaining
could complement an immunohistochemical panel
including p53 and BRAF immunostainings to distin-
guish these tumours in routine practice. The intro-
duction of pRB immunohistochemistry may be cost-
effective in labs that should optimize this staining.
However, this could be useful for an early distinction
between PXA and GBM with GCs prior to obtaining
molecular results or could further substantiate the
differential diagnosis when molecular tests are not
available.
The findings of this study also showed that NGS

might underestimate the percentage of RB1 alteration
in GBMs with GCs and that the proportion of cases
with silencing of this gene might be higher than
expected.
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Table S1: List of somatic and germline mutations
identified in samples 1X to 14X.

Table S2: RB1 variants of unknown significance
found in four GBMs with GCs and RB1 immunohisto-
chemical loss.
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