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Abstract
Here, we report on a patient presenting with two histopathologically distinct gliomas. At the age of 42, the patient under-
went initial resection of a right temporal oligodendroglioma IDH mutated 1p/19q co-deleted WHO Grade II followed by 
adjuvant radiochemotherapy with temozolomide. 15 months after initial diagnosis, the patient showed right hemispheric 
tumor progression and an additional new left frontal contrast enhancement in the subsequent imaging. A re-resection of the 
right-sided tumor and resection of the left frontal tumor were conducted. Neuropathological work-up showed recurrence 
of the right-sided oligodendroglioma with features of an anaplastic oligodendroglioma WHO Grade III, but a glioblastoma 
WHO grade IV for the left frontal lesion. In depth molecular profiling revealed two independent brain tumors with distinct 
molecular profiles of anaplastic oligodendroglioma IDH mutated 1p/19q co-deleted WHO Grade III and glioblastoma IDH 
wildtype WHO grade IV. This unique and rare case of a patient with two independent brain tumors revealed by in-depth 
molecular work-up and epigenomic profiling emphasizes the importance of integrated work-up of brain tumors including 
methylome profiling for advanced patient care.

Keywords Biomarker · Glioma · Oligodendroglioma · Glioblastoma · DNA-methylation profiling

Introduction

The 2016 World Health Organization (WHO) classification 
of tumors of the central nervous system (CNS) integrates, 
both, histology and molecular pathology as integrated 
aspects of brain tumor classification [8]. Thereby, DNA-
methylation analysis is a promising novel technology for 

accurate brain tumor classification since previous studies 
revealed that distinct methylation profiles define distinct 
brain tumor entities with high accuracy [2, 3, 5, 9, 10, 12]. 
One of the most prominent examples is the inclusion of isoc-
itrate dehydrogenase (IDH) 1 and 2 status, and loss of chro-
mosomes 1p and 19q as integrated parts of the classification 
of glioma: Since 2016 the diagnosis of astrocytomas requires 
the analysis of IDH mutation status, and the diagnosis of 
oligodendrogliomas requires the assessment of both IDH 
mutations, as well as combined 1p/19q losses. [8] Thereby, 
oligodendrogliomas IDH mutated 1p/19q co-deleted show 
significantly better overall survival compared to astrocyto-
mas IDH mutated and glioblastomas IDH wildtype [8].

Gliomas show a typical diffusely infiltrating growth pat-
tern into surrounding brain tissue and recurrences after ini-
tial resection/treatment. Importantly, it has been established 
that the molecular features of gliomas, i.e. IDH-, 1p/19q- 
and TERT-Status, do not change during tumor recurrence 
and/or progression [8]. The distinct molecular background 
of astrocytomas WHO grade II and III as well as secondary 
glioblastomas WHO grade IV can be proven by revealing 
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IDH1 mutations in codon 132 and IDH2 mutations in codon 
172 [8]. The molecular background of oligodendrogliomas 
WHO grades II and III can be confirmed by demonstrating 
combined IDH1/2 mutations and chromosomal losses on 1p 
and 19q [8]. In contrast to the aforementioned gliomas, pri-
mary glioblastomas show IDH1/2 wildtype status [8].

Here, we report on a 42 years old patient with two brain 
tumors that showed distinct molecular patterns in integrated 
work-up and epigenomic profiling proving independent 
tumor origins.

Clinical summary

A 42 year-old male Caucasian patient was diagnosed with 
two intracranial lesions due to headache and nausea. The 
larger lesion, located in the right temporomesial lobe, 
showed signs of intratumoral hemorrhage as well as contrast 
enhancement with associated perifocal edema and midline 

shift (Fig. 1a). The other tumor was a cystoid mass located 
in the trigonal area (Fig. 1b). Upon decision in the inter-
disciplinary neuro-oncological tumorboard and receival of 
written informed consent, the patient underwent resection 
of the temporomesial tumor via a transtemporal approach. 
Postoperative magnetic resonance imaging (MRI) revealed 
a subtotal resection with minimal residual ventral con-
trast-enhancement (Fig. 1c). Histopathological evaluation 
revealed an oligodendroglioma, IDH1 mutated, 1p/19q-co-
deleted WHO II, and a concomitant and adjuvant radiochem-
otherapy (50 Gy) with temozolomide (6 cycles) was initiated 
[11]. Initial follow-up imaging showed a stable temporome-
sial tumor and a decreased trigonal lesion. However, fif-
teen months after initial diagnosis a right-sided peritrigonal 
tumor progression was seen on MRI, and confirmed by [18F]
fluoroethyltyrosine (FET)-PET CT (Fig. 1d). Due to only 
little mass effects of the progression, a wait-and-scan pro-
cedure was performed. However, in the subsequent MRIs, 
a new irregular circularly contrast enhancing lesion in the 

Fig. 1  Radiological findings over the course of the patients’ treat-
ment. Axial postcontrast T1 weighted magnetic resonance imaging 
(MRI) showing a right-sided inhomogeneous contrast enhancing 
lesion located in the basal ganglia and peritrigonal area (a), as well 

as a parietal cystoid mass (b). After initial partial resection right peri-
trigonal tumor progression was seen (c and d). Furthermore, another 
left frontal rapidly progressive cystic tumor developed (e and f)
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left frontal lobe was detected (Fig. 1e) sowing rapid tumor 
pregression (Fig. 1f). Re-resection of the right-sided tumor 
as well as the contralateral lesion was performed. The right 
frontotemporal lesion was now graded as an anaplastic oli-
godendroglioma, IDH mutated, 1p/19q co-deleted WHO III; 
and the left frontal tumor was classified as a glioblastoma 
IDH wildtype WHO IV. Subsequently the patient underwent 
re-irradiation with adjuvant bevacizumab therapy.

Pathological findings

The first manifestation showed in H&E staining a pleomor-
phic glial tumor with round tumor cells and perinuclear 
halos and only sparse mitoses (Fig. 2a). Immunohistochem-
istry performed on a Ventana Benchmark Ultra System with 
standard protocols showed that glial tumor cells were posi-
tive for GFAP (glial fibrillary acidic protein) with only short 
processes (Fig. 2b). Nuclear expression of ATRX (nuclear 
immunopositivity for α-thalassemia/mental-retardation-
syndrome-X-linked) was retained (Fig. 2c), and there was 
expression of IDH1 (isocitrate dehydrogenase 1) R132H 
mutant protein (Fig. 2d). There were only sparse PHH3 
(phosphorylated histone H3, H3S10p) positive cells (Fig. 2e) 
and proliferation was increased with 5% Ki67 positive cells 
(Fig. 2f). Analysis of the 1p and 19q status was performed 
by fluorescence in situ hybridization (FISH) using standard 
protocols, revealing a combined loss of 1p (Fig. 2g) and 
19q (Fig. 2h). Thus, the tumor was classified as oligoden-
droglioma, IDH mutated, 1p/19q co-deleted, WHO grade II.

Recurrence of the right temporomesial lesion showed a 
similar picture as the first manifestation in H&E staining 
with round tumor cells and perinuclear halos but there was 
increased pleomorphy and brisk mitotic activity (Fig. 2i). 
Immunohistochemistry showed GFAP positive tumor 
cells with only short processes (Fig. 2j). Nuclear expres-
sion of ATRX was retained (Fig. 2k) and there was expres-
sion of IDH1 R132H mutant protein (Fig. 2l). There were 
increased PHH3 positive cells (Fig. 2m) and proliferation 
was increased with 25% Ki67 positive cells (Fig. 2n). Analy-
sis of the 1p and 19q status performed by FISH revealed 
a combined loss of 1p (Fig. 2o) and 19q (Fig. 2p). Thus, 
this tumor was classified as recurrence of the previously 
described oligidendroglioma, then with features of ana-
plastic oligodendroglioma IDH mutated 1p/19q co-deleted 
WHO grade III.

Analysis of the left frontal lesion showed in H&E stain-
ing a highly pleomorphic glial tumor with long tumor pro-
cesses, high mitotic activity and microvascular proliferation 
(Fig. 2q). Immunohistochemistry showed GFAP positive 
tumor cells with long processes (Fig. 2r). Nuclear expres-
sion of ATRX was retained (Fig. 2s). There was no expres-
sion of IDH1 R132H mutant protein (Fig. 2t). Reactions 

with antibodies against PHH3 showed increased mitoses 
(Fig. 2u). Proliferation was increased with 20% Ki67 posi-
tive cells (Fig. 2v). Analysis of the 1p and 19q status per-
formed by FISH revealed no combined loss of 1p (Fig. 2w) 
and 19q (Fig. 2x). Thus, this tumor showed all the key hall-
marks of a glioblastoma IDH wildtype WHO grade IV.

Molecular genetic profiling

Molecular genetic analysis was performed by extracting 
DNA from FFPE material using the Maxwell system (Pro-
mega) according to the manufacturer’s protocol and sub-
sequent application of the Illumina Focus Panel (Illumina) 
on an Illumina MiniSeq device (Illumina) according to the 
manufacturer’s protocols enabling us to analyze 41 genes 
in parallel, including IDH1 and IDH2 hot spot regions (the 
complete gene list can be found in Table 1). Hot spot loci of 
TERT promoter were analyzed by Sanger sequencing [4, 7]. 
DNA-methylation profiling was performed using Illumina 
EPIC bead chips that were scanned on an Illumina Next-
Seq 550DX device. Data analysis was performed using the 
Molecular Neuropathology Pipeline of the German Cancer 
Research Center (DKFZ) [1].

Integrated work-up of the first tumor manifestation 
showed an IDH1 R132H mutation (Fig. 3a) with IDH2 
wildtype (Fig. 3b) and TERT C250T promoter mutation 
(Fig. 3c). DNA Methylation profiling showed methylated 
MGMT promoter (Fig. 3d), 1p and 19q losses in copy num-
ber profiling (Fig. 3e) and allocated the tumor to the meth-
ylation class of oligodendroglioma IDH mutated 1p/19q 
co-deleted (Fig. 3f).

Analysis of the recurrence revealed an analogous molecu-
lar profile: The tumor showed an IDH1 R132H mutation 
(Fig. 3g) with IDH2 wildtype (Fig. 3h) and TERT C250T 
promoter mutation (Fig. 3i). DNA Methylation profiling 
showed methylated MGMT promoter (Fig. 3j), 1p and 19q 
losses in copy number profiling (Fig. 3k) and allocated the 
tumor to the methylation class of oligodendroglioma IDH 
mutated 1p/19q co-deleted (Fig. 3l).

Interestingly, profiling of the left-sided tumor manifesta-
tion revealed a fundamentally different profile: This tumor 
showed IDH1 (Fig. 3m) and IDH2 wildtype (Fig. 3n) and 
TERT C228T promoter mutation (Fig. 3o).

DNA Methylation profiling showed unmethylated MGMT 
promoter (Fig. 3p); there was no 1p and 19q loss in copy 
number profiling (Fig. 3q) and allocated the tumor to the 
methylation class of glioblastoma IDH wildtype, subclass 
RTK I (Fig. 3r).

All other 40 genes covered by the AmpliSeq for Illumina 
Gene Panel showed an identical gene alteration profile in all 
three tumors (Table 2).
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Discussion

Here we report on an unique case of a patient that developed 
two molecularly independent gliomas: oligodendroglioma 
and glioblastoma.

To our knowledge, this is the first reported case of a 
patient with two independent gliomas of oligodendroglioma 
and glioblastoma biology that were confirmed by integrated 
in-depth molecular profiling including epigenomic DNA-
methylation analysis.

A literature search revealed only one other published 
case of a cerebellar glioblastoma and a supratentorial oligo-
dendroglioma [6]. Junaid et al. reported on a 44-years old 
patient, who suffered from a cerebellar glioma with typi-
cal histological features of glioblastoma, i.e. microvascu-
lar proliferation and necrosis, and a supratentorial glioma 
with histological hallmarks of an oligodendroglioma, i.e. 
small round cells with perinuclear halos [6]. However, only 
a conventional histological work-up of the specimens had 
been performed, and no immunohistochemical and molecu-
lar profiling to prove different biological background of the 
two reported gliomas had been provided [6].

In the case presented here, it is astonishing, that the 
completely removed WHO Grade II oligodendroglioma 
recurred after only 15 weeks after radiochemotherapy. This 

Fig. 2  Histological and immunohistochemical findings. In H&E 
staining, the first tumor showed round shaped glial tumor cells with 
perinuclear halos (a). Immunohistochemistry with antibodies against 
GFAP showed positive tumor cells with only short processes (b). 
Reactions with antibodies against ATRX showed retained expres-
sion (c). Antibodies against IDH1 R132H mutant protein showed 
positive tumor cells (d). There were only sparse PHH3 positive cells 
(e). Proliferation was increased with 5% Ki67 positive cells (f). FISH 
analysis showed a combined loss of 1p (g) and 19q (h). Recurrence 
showed in H&E staining round tumor cells with perinuclear halos and 
brisk mitotic activity (i). Immunohistochemistry showed GFAP posi-
tive tumor cells (j). Nuclear expression of ATRX was retained (k). 
There was expression of IDH1 R132H mutant protein (l). There were 
increased PHH3 positive cells (m). Proliferation was increased with 
25% Ki67 positive cells (n). FISH analysis of the 1p and 19q status 
revealed a combined loss of 1p (o) and 19q (p). Analysis of the sec-
ond tumor showed in H&E staining a highly pleomorphic glia tumor 
with microvascular proliferation (q). Immunohistochemistry showed 
GFAP positive tumor cells (r). Nuclear expression of ATRX was 
retained (s). There was no expression of IDH1 R132H mutant pro-
tein (t). Reactions with antibodies against PHH3 showed increased 
mitoses (u). Proliferation was increased with 20% Ki67 positive cells 
(v). FISH analysis of the 1p and 19q status revealed no combined loss 
of 1p (w) and 19q (x)
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Fig. 3  Molecular genetic findings. The first tumor manifestation 
showed an IDH1 R132H mutation (a) with IDH2 wildtype (b) and 
TERT C250T promoter mutation (c). DNA Methylation profiling 
showed methylated MGMT promoter (d), 1p and 19q losses in CNP 
(e) and allocated the tumor to the methylation class of oligodendro-
glioma IDH mutated 1p/19q co-deleted (f). The recurrence showed 
IDH1 R132H mutation (g) with IDH2 wildtype (h) and TERT C250T 
promoter mutation (i). DNA-methylation profiling showed methylated 

MGMT promoter (j), 1p and 19q losses in CNP (k) and allocated the 
tumor to the methylation class of oligodendroglioma IDH mutated 
1p/19q co-deleted (l). The second tumor showed IDH1 wildtype (m), 
IDH2 wildtype (n) and TERT C228T promoter mutation (o). DNA 
Methylation profiling showed unmethylated MGMT promoter (p), no 
1p and 19q loss in CNP (q) and allocated the tumor to the methyla-
tion class of glioblastoma IDH wildtype, subclass RTK I (r). *: indi-
cation of IDH1 and TERT mutations and 1p/19q losses
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might be due to hypermutations occurred by temozolomide 
chemotherapy. Of the 41 genes covered by the AmpliSeq 
for Illumina Focus Panel (Table 1), we did not find any 
changes in the gene alteration profile in the first tumor and 
the recurrence (Table 2), however, this panel may be too 
small to answer the question of hypermutations occurring 
after temozolomide chemotherapy and a larger gene panel 
may be appropriate. Furthermore, the question rises if there 
were any germline mutations in the patients. Germline 
mutations may be an important co-factor in this unique case 
showing recurrence and progression of a WHO Grade II 
oligodendroglioma after only 15 weeks and a molecularly 
independent WHO Grade IV glioblastoma. Unfortunately, 
we did not have the chance to check for germline mutations 
in the presented case.

In summary, our presented case is an unique example 
of a patient with two different gliomas proved by in-depth 
molecular work-up. Besides different histology of oligoden-
droglioma and glioblastoma, the two brain tumors showed 
different molecular profiles of oligodendroglioma (i.e. IDH1 
R132H mutation, combined 1p/19q loss, TERT C250T 
mutation) and glioblastoma (i.e. IDH1 wildtype, retained 
1p/19q, TERT C228T mutation), respectively. Additionally, 
epigenomic DNA-methylation profiling clustered the tumors 
to the classes of oligodendroglioma IDH mutant 1p/19q co-
deleted and glioblastoma IDH wildtype subclass RTK I.

Thus, this unique case emphasizes the need for inte-
grated molecular work-up and demonstrates the power of 
in-depth profiling including DNA-methylation profiling in 
better understanding tumor biology and revealing tumor 
heterogeneity.
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