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Abstract
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Glioblastoma, the most malignant astrocytic tumour; is associated with limited survival and thus rare metastases. We ana-
lysed a particularly interesting case — a 51-year-old male diagnosed within 2 years with primary and recurrent glioblasto-
ma, isocitrate dehydrogenase (IDH)-wild type, as well as with numerous extra-central nervous system (CNS) metastatic foci.
Genetic material obtained from primary and recurrent tumours, as well as from pulmonary metastasis was analysed and
compared at a molecular level. Next generation sequencing (NGS) analysis revealed BRAFV600E mutation, detected only in
2-5% of glioblastomas, in both the primary tumour and pulmonary metastases. Importantly, this mutation provides a possible
therapeutic option as it constitutes a target for clinically approved inhibitors. This case stucly not only demonstrates a molec-
ular comparison of primary, recurrent and metastatic glioblastoma, but also emphasizes the need for precise molecular diag-

nostics, which may facilitate treatment choice, especially in tumours currently lacking efficient treatment.
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Introduction

Glioblastoma (GB), the most malignant astrocytic
tumour, constitutes one of the biggest challenges in
the oncology field. Its infiltrative nature and location
in the brain often forbid complete surgical resection
and even with continuous developments in diag-
nostic and therapeutic approaches, median survival
rate of patients still does not exceed one year [18].
Intriguingly, GB metastases are rarely detected and
if so, tumours are mostly located within the neuro-
axis [5]. Extra-central nervous system (CNS) metas-

tases (only up to 2% of cases) can be usually found
in lungs, regional lymph nodes or bones [3,15,17].
Moreover, it was indicated that such tumours are
characterized with different vasculature than prima-
ry focus [23]. Such rare occurrence of distant metas-
tases may be caused by the fact that the brain is
immunologically and anatomically separated by the
blood-brain barrier — semipermeable membrane
impeding access to the brain. Nevertheless, despite
the fact that the exact mechanism of extracerebral
metastasis has been poorly understood [22], this is
mostly detected in patients with a longer survival
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rate [1] or tending to be associated with disruption of
the cellular integrity during surgical procedures [12].
Currently, standard GB treatment involves the max-
imal feasible surgical resection followed by 60 Gy
radiotherapy with concomitant and adjuvant temo-
zolomide-based chemotherapy [26]. In case of glio-
blastoma patients with no effective therapeutic
options available, off-label use of targeted drugs
tends to be exceptionally employed, especially
since particular targetable molecular alterations
are detected in this tumour type. Indeed, BRAFV600F,
mutation that occurs most commonly in melanomas
[2], is detected in pleomorphic xanthoastrocytomas
[11]and in low percentage of glioblastomas [9]. There-
fore, mutation-specific inhibitors (such as vemu-
rafenib or dabrafenib) can be possibly effective not
only in melanoma brain metastases [16], but also
glioblastoma tumours with this mutation [6]. Still,
administration of targeted therapeutics requires the
precise molecular diagnostics of the tumour.

In this paper, a case of glioblastoma patient diag-
nosed with primary tumour, recurrence and extra-
CNS metastases is presented. The aim of the con-
ducted analyses was to define molecular background
of this tumour, corresponding with the acquisition of
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metastasis-prone features, and to molecularly com-
pare the three tumour foci (primary, recurrent and
metastatic).

Case presentation
Clinical summary

A 51-year-old non-smoking Caucasian male was
admitted to the hospital due to headaches, mem-
ory impairment, dropping right mouth corner, psy-
chomotor retardation and confusion. Computed
tomography (CT) and magnetic resonance imaging
(MRI) revealed a tumour in the right temporal lobe
(Fig. 1A,B). The tumour was macroscopically com-
pletely resected.

Histopathological analysis shown highly cellu-
lar neoplasm with marked cytological atypia, high
mitotic activity, focal geographic and pseudopalisad-
ing necrosis and extensive microvascular prolifera-
tions highlighted by the reticulin stain (Fig. 1C,D).
Morphology, immunohistochemical and histo-
chemical stains were consistent with the diagnosis
of glioblastoma [GFAP/+/; Ki-67/+/ up to 20% of
cells; p53/+/ (Fig. 1E)]. Further sequencing analysis
of IDHI1 gene indicated isocitrate dehydrogenase
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Fig. 1. Primary tumour (35 x 25 x 26 mm) detected in CT (A) and MRI (B) scans in the right temporal lobe
presenting with heterogeneous ring enhancement and massive oedema; H&E (C), reticulin (D) and TP53 (E)

stainings of the primary tumour.
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Fig. 2. Recurrent tumour (20 x 35 x 16 mm) detected in MRI in the right temporal lobe (A) and possible new
focus in the left parietal lobe (B); H&E (C) and TP53 (D) stainings of the recurrent tumour.

(IDH)-wild type glioblastoma, according to the latest
WHO classification [14]. The patient was qualified
to adjuvant radiotherapy (60 Gy/30 fractions) and
temozolomide treatment (150 mg/m?/day). After
16 months, radiological follow-up revealed recurrent
tumour at the base of the right temporal lobe (Fig. 2A)
and possible newfocusinthe left parietallobe (Fig. 2B).
Histochemical and immunohistochemical analyses
indicated glioblastoma with TP53 accumulation
(Fig. 2C,D). The patient was under strict observa-
tion, however, after three months he was admitted
to the hospital once again complaining of nonpro-
ductive cough, general weakness, night sweats
and shivers. Initial diagnosis suggested pulmonary
embolism, however, angio-CT revealed diffuse foci in
parenchyma of both lungs (Fig. 3A). Histopathologi-
cal analysis of bronchoscopically collected material
confirmed glioblastoma (Fig. 3B,C). Additional tomo-
grams revealed numerous metastatic foci located
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e.g. iniliacus muscle (Fig. 3D), thoracic vertebrae and
soft tissues of lower limbs (data not shown). Mate-
rial from primary and recurrent tumour samples as
well as lung metastatic focus was then delivered to
the laboratory in order to isolate DNA and conduct
precise molecular analyses, with the emphasis on
possible targets of experimental therapy. Unfortu-
nately, the patient died 3.5 months following metas-
tases detection, 90 weeks after the initial diagnosis.

Molecular analyses

All analyses concerning tumour material were
approved by the Bioethical Committee of the Medi-
cal University of Lodz (Approval No. RNN/234/17/KE).
QlAamp DNA Mini Kit (Qiagen) was used for DNA iso-
lation from formalin-fixed and paraffin-embedded
tissues prepared for primary tumour, recurrence and
lung metastasis. Isolation was preceded by the depa-
raffinization step with xylene (Sigma). DNA was ana-
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Fig. 3. Angio-CT image of lung metastases (A); Histopathology of tumour metastasis to the lung (B) revealed
nests of malignant cells with strong GFAP positivity (C); Another metastatic focus in iliacus muscle (D).

lysed using a wide range of molecular techniques, as
described previously [24,25], what enabled to com-
pare molecular profiles of these three tumour foci.
BRAF gene sequencing was conducted with the fol-
lowing primer pair: 5’-AACTCTTCATAATGCTTGCTCT-
GAT-3’ and 5’GTAACTCAGCAGCATCTCAGGG-3’. MLPA
analysis using P105 Glioma-2 and P175 Tumor Gain
probemixes (MRC Holland) revealed various alter-
ations in the copy number of glioblastoma-associ-
ated genes, e.g. EGFR amplification or CDKN2A and
PTEN deletion (Fig. 4). Unequivocal identification of
the pulmonary mass origin was, however, impossi-
ble based on MLPA results only. Therefore, next gen-
eration sequencing (NGS) analysis using AmpliSeq
Cancer Hotspot Panel v2 (Life Technologies) was
performed. This revealed non-hotspot mutations
(homozygous in FLT3 and heterozygous in IDH1 (syn-
onymous) and APC; Table I) in all analysed samples.
Other hotspot mutations were detected in EGFR
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(R776C) and PTPN11 (E69K) in the recurrent tumour
and in EGFR (W731* — nonsense mutation leading to
the formation of stop codon) and TP53 (M246l) in
lung metastasis. Despite the fact that TP53 muta-
tion was detected neither in primary nor in recur-
rent tumour in sequencing analyses, IHC analysis for
TP53 turned out to be clearly positive. It is consistent
with previous report indicating that in case of gli-
omas, not only TP53 mutations, but also disturbed
TP53 pathway (e.g. by MDM2 or MDM4 amplification
as well as promoter methylation of CDKN2A or TP53)
may result in abnormal TP53 expression, hence pos-
itive IHC staining [28].

Interestingly, a hotspot mutation in BRAF gene
(V60OE) was detected in the primary tumour
(20.7%) and lung metastasis (16.2%), which clearly
confirmed the origin of metastatic focus. This codon
was additionally re-analysed using Sanger sequenc-
ing in an attempt to verify the status of BRAF gene
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Fig. 4. MLPA analyses of three tumour foci using P105 Glioma-2 (A) and P175 Tumor Gain (B) probemixes.

in the recurrent tumour with the latter method.
For this purpose, DNA isolated from SK-MEL-28
cell line (ATCC), characterized by endogenous
homozygous BRAFV9%F mutation, and from B)
fibroblasts (control wild-type cells; ATCC) was
used to obtain dilution series with various per-
centage of mutated template, in order to verify
the detection threshold of Sanger sequencing.
Results indicated that in all analysed samples,
the percentage of BRAF-mutated template was
below or near Sanger detection threshold, esti-
mated to be 10-20% of mutated template [7].
Therefore, only NGS results were considered.
To be consistent with the latest WHO classifi-
cation, IDH1 status was also evaluated. Both,
NGS and additional Sanger sequencing analy-
sis revealed that all analysed tumour foci were
IDH-wild type. Importantly, all the remaining
mutations detected by means of NGS in both
primary and recurrent tumours or recurrent
and metastatic foci were novel (non-hotspot).

Discussion

Glioblastoma, despite its highly aggressive
nature, is rarely associated with detectable
metastases. Nonetheless, with expected prog-
ress in treatment of patients and more precise
diagnostic imaging methods in common prac-
tice, there will be probably more cases with
detected GB metastases. Nevertheless, so far,
extra-CNS glioblastoma foci still constitute an
interesting research material.

Glioblastoma metastases outside the CNS
frequently tend to occur late in the disease
course, with patients survival rates reaching
approximately two years [1,22]. Therefore, the
long survival of the described patient (22.5
months) might have been associated with
detection of various metastatic foci. In this
case it is not clear whether the tumour location
in the frontal lobe close to the frontal corner
of the lateral ventricle might have facilitated
tumour spread via cerebrospinal fluid. However,
it may be suggested by the presence of a meta-
static focus in the parietal lobe of the opposite
hemisphere. Moreover, in case of the analysed
patient, extra-CNS metastases, detected e.g. in
lungs or kidneys, might have been caused by
hematogenous spread via sphenoparietal or
superior petrosal sinus, etc. [12,21]. Neverthe-
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Table I. Selected results of NGS analysis of primary tumour, recurrent tumour and lung metastasis.
Results with coverage > 100 were taken into consideration; nd — not detected, reference sequence only;
(-) — records excluded from the analysis, not meeting the established technical criteria

CHR. Position REF VAR Allele Allele Allele Gene ID Primary tumour Recurrent tumour Metastasis
Call  source name FREQ. COV. FREQ  COV. FREQ. COV.
2 209113192 G A Hetero Novel - IDH1 57.7 234 57.8 526 54.6 1402
2 209113113 G A Absent Hotspot COSM28747  IDHI nd 573 nd 714 nd 251
2 212812097 T C  Hetero Novel - ERBB4 37.6 149 54.1 486 - -
5 112175770 G A Hetero Novel - APC 50.9 169 50.7 369 49.9 959
7 140453136 A T  Hetero Hotspot COSM476 BRAF 20.7 116 - - 16.2 210
7 55249028 C T Hetero Hotspot COSM6226 EGFR - - 23.2 164 - -
7 55242423 G A Hetero Hotspot COSMI13432  EGFR - - - - 3.1 128
10 43613843 G T  Hetero Novel - RET 100.0 195 100.0 417 - -
12 112888189 G A Hetero Hotspot COSMI13013 PTPNII - - 12.2 1201 - -
13 28610183 A G Homo Novel - FLT3 100.0 169 100.00 401 100.0 800
17 7577543 C T  Hetero Hotspot COSM44310  TP53 - - - - 3.5 142

less, when considering all the factors that may have
an impact on the pattern of recurrence, including
its location (local re-growth vs. new focus), surgi-
cal resection range, possible ventricular entry, TMZ
administration, long progression-free survival or GB
recurrence spreading, as in the case of this patient, it
still remains difficult for interpretation [10]. Although
the profound molecular analysis was not necessary
to confirm the same origin of the metastases and
primary tumour in the reported case, such molecular
comparison not only indicates possible therapeutic
options but also enables better understanding of
glioblastomas biology.

Molecular analyses of patient’s tumour sam-
ples revealed a hotspot mutation in the BRAF gene
(BRAFV609E) " which is frequently detected in mela-
noma [2] and constitutes a perfect target for spe-
cific small molecule inhibitors, such as vemurafenib
or dabrafenib. Interestingly, various alterations in
BRAF gene are found in gliomas, with BRAFV600E
mutation present in up to 50% of pleomorphic xan-
thoastrocytoma [11] and in 2-5% of glioblastomas
[9] (with more than half of cases of the epithelioid
glioblastoma type). There are several reports of
anticancer efficacy of BRAFY60%E.targeted inhibi-
tors in patients diagnosed with melanoma metas-
tases to the brain, indicating that these drugs may
penetrate CNS tumours [16]. There are also single,
successful reports of vemurafenib administration in
BRAFY600E_nositive anaplastic pleomorphic xantho-
astrocytoma [13] and glioblastoma [6,20]. It is not
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clear whether this mutation may be associated with
metastatic potential. Therefore, it may be suggested
to put emphasis on analyses of molecular profiles
of patients with detected glioblastoma metastases.

So far, there has never been such a large group
of GB patients with detected metastases to enable
correlation of some molecular markers with metas-
tasis occurrence. There was one report presenting
analysis of several genetic alterations in six GB
patients, suggesting that TP53 mutation may have
an impact on metastases occurrence [19]. Beyond
any doubt one case may not constitute a basis to
confirm that BRAF mutation may be associated with
longer survival rate and metastasis development.
This is, however, in line with literature data indicat-
ing that glioblastoma patients harbouring BRAFV600F
mutation tend to be characterized by prolonged sur-
vival, even up to 4 years following diagnosis [27], as
well as by younger age [8].

In case of the analysed patient, BRAFV6%F inhibi-
tor administration as an adjuvant therapy might have
possibly prolong survival. Moreover, hotspot muta-
tions detected only in the recurrent tumour (EGFR
R776C and PTPN11 E69K) might have a significant
clinical impact. The former hotspot is reported to be
associated with reduced sensitivity to particular EGFR
TKIs, while the latter constitutes a possible target for
SHP2 inhibitors, which are currently under exten-
sive development. Undoubtedly, as early detection
of molecular targets as possible is crucial in cancer
management. Analyses of circulating tumour DNA,
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tumour microRNAs or circulating tumour cells may
constitute an interesting option in detection of new,
targetable molecular alterations, especially those con-
ferring drug resistance [4].
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