Lisowski et al. BMC Neurology ~ (2023) 23:398
https://doi.org/10.1186/s12883-023-03450-w

BMC Neurology

'CASEREPORT  OpenAcess,
®

Check for
updates

Complete loss of E-cadherin expression
in a rare case of metastatic malignant
meningioma: a case report

Dominik Lisowski" ®, Philipp E. Hartrampf?, Natalie Hasenauer?, Vera Nickl®, Camelia-Maria Monoranu® and
Jérg Tamihardja'

Abstract

Background Hematogenous tumor spread of malignant meningiomas occurs very rarely but is associated with very
poor prognosis.

Case presentation We report an unusual case of a patient with a malignant meningioma who developed multi-

ple metastases in bones, lungs and liver after initial complete resection of the primary tumor. After partial hepatic
resection, specimens were histologically analyzed, and a complete loss of E-cadherin adhesion molecules was found.
No oncogenic target mutations were found. The patient received a combination of conventional radiotherapy

and peptide receptor radionuclide therapy (PRRT). Due to aggressive tumor behavior and rapid spread of metastases,
the patient deceased after initiation of treatment.

Conclusions E-cadherin downregulation is associated with a higher probability of tumor invasion and distant metas-
tasis formation in malignant meningioma. Up to now, the efficacy of systemic therapy, including PRRT, is very limited

in malignant meningioma patients.
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Background

Meningioma is the most common primary intracranial
tumor in adults and accounts for one-third (39.0%) of
all primary intracranial tumors [1]. It is classified into
three groups and 15 subgroups based on histopathologi-
cal features by the current World Health Organization
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(WHO) classification published in 2021 [2]. Malignant
meningiomas (MM) only account for 1-3% of all menin-
giomas and are classified as WHO grade III meningiomas
[3]. MM displays a more aggressive biological behavior
with accelerated tumor growth and higher tendency of
brain invasion leading to poorer prognosis and higher
recurrence rates compared to benign meningioma (BM)
(WHO grade I) or atypical meningioma (AM) (WHO
grade II). In reference to histopathology, MM are char-
acterized by inherently high mitotic indices and a higher
number of Ki-67 positive cells compared to WHO grade
I-II meningiomas [4]. Extracranial metastases from men-
ingioma of any grade are rare with an overall prevalence
of 2% [5]. Several cases of contiguous occurrence of men-
ingioma and cerebral metastasis have also been reported
in the literature [6—11]. We present here an interesting
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case of a MM patient with metachronous metastases in
the liver, lungs and bones and discuss proposed mecha-
nisms for metastasis formation, histopathological differ-
ences and treatment modalities for metastatic MM.

Case presentation

In 2018, a 47-year-old patient was admitted to our hos-
pital with sudden-onset hemihypesthesia and paresthe-
sia of the left body side. On magnetic resonance imaging
(MRI) scan, an inhomogeneous, contrast agent enhanced,
hyperintense tumor was visible on the right parafalcine
vertex.

The patient had a medical history of a papillary menin-
gioma WHO grade III on the parasagittal right side with
occlusion of the superior sagittal sinus in 1998. Resection
of the tumor mass and the superior sagittal sinus with
interposition of the great saphenous vein was performed.
Preoperatively, the patient had a severe visual impair-
ment due to bilateral papilledema and advanced optic
atrophy. Post-operatively, the patient suffered from com-
plete vision loss and weakness of both legs, which was
accompanied by a probably trauma-induced degenera-
tion of the premotor cortex on imaging. Adjuvant radia-
tion therapy of the resection cavity was administered
with a daily dose of 1.8 Gy up to a total dose of 59.4 Gy
in 1998. In 2016, the patient was shortly admitted to our
hospital with a concussion. Computed tomography (CT)
and MRI scan revealed a fracture of the parietal bone, but
no relapse of the former diagnosed papillary meningioma
could be detected. Until 2018, no signs of a local relapse
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were present, and the patient was mobile with the help
of walking aids despite suffering from functional amauro-
sis. The patient had never been diagnosed with neurofi-
bromatosis or other genetic disorders in the past.

When resubmitted to our hospital in 2018, the newly
detected tumor was in close proximity to the dorsal edge
of the previous resection cavity (Fig. 1a). After review of
the case in the interdisciplinary neuro-oncological review
board, an ultrasound-guided Simpson grade I resection
of the tumor was performed under electrophysiologi-
cal monitoring. Histopathological examination revealed
an anaplastic meningioma WHO grade III (malignant
meningioma) with epithelial membrane antigen (EMA)
expression and a Ki-67 index of 15-20%. Histopatho-
logical results showed no epithelial cadherin (E-cadherin)
expression but normal expression patterns of beta-
catenin (Fig. 2a, b). Due to prior cranial radiotherapy and
Simpson grade I resection, radiation therapy was waived
in the interdisciplinary neuro-oncological review board.
In 2020, the patient had a relapse adjacent to the right
postcentral gyrus (Fig. 1b). The relapsed tumor showed
intense somatostatin receptor (SSTR) expression on
8 Ga-DOTA-Phe!-Tyr?-octreotide (DOTATOC) posi-
tron emission tomography (PET) imaging. Since another
resection was omitted due to adherence to two crucial
bridging veins, the patient was presented to our clinic
for a combined multimodal peptide receptor radionu-
clide therapy (PRRT) with sequential fractionated radio-
therapy. After the first course of 7/Lu-DOTATOC with
an activity of 7.4 GBq, distribution scintigraphy routinely

(b)

Fig. 1 a MRT1 MPRAGE image with contrast agent acquired in 2018 at time of hospital admission with sudden-onset hemihypesthesia

and paresthesia of the left body side. Contrast-enhancing parasagittal mass in the right parietal lobe with contact to the superior sagittal sinus
(white arrow). b MR T1 MPRAGE image with contrast agent acquired in 2020 at follow-up. New contrast-enhancing mass in the right parietal lobe
consistent with a relapse of the malignant meningioma (red arrow). Resection cavity after resection of a papillary meningioma WHO Il in 1998

(yellow arrow)
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Fig. 2 E-cadherin and beta-catenin staining of malignant meningioma specimens. a E-cadherin staining of the leptomeningeal resection

with malignant meningioma cells (black arrow). Expression of E-cadherin is not detectable. b Beta-catenin staining of the leptomeningeal resection
with malignant meningioma cells expressing beta-catenin (black circle). ¢ E-cadherin staining of liver metastasis with malignant meningioma cells
(black arrow). Expression of E-cadherin is not detectable. d Beta-catenin staining of liver metastasis with malignant meningioma cells expressing
beta-catenin (black circle). Scale bar for all images: 200 um

performed after PRRT revealed focal nuclide accumula-  PET/CT conducted to determine the extent of the lesions
tions in the left lung, the liver and several bones as inci- revealed a large hypermetabolic liver mass, hypermeta-
dental findings (Fig. 3a). A ®*F-fluorodeoxyglucose (FDG)  bolic pulmonary metastases in the left upper lobe and in

RVL LDR
Fig. 3 a Post-therapeutic whole-body scintigraphy after administration of 7.4 GBq Lu-177-DOTATOC showing suspicious radiotracer accumulation
in lesions of liver, left lung and bone (black arrows). (b) Axial slices of CT and fused images with 18F-FDG PET of thorax and abdomen. Three tracer
accumulations suspected of metastasis (osseous, pulmonary and hepatic) are highlighted (white arrowhead). ¢ Maximum intensity projection (MIP)
of 18F-FDG PET/CT. The dashed line marks the exemplary axial slices in B. Additional hypermetabolic lesions can be found for example in left iliac
bone (red asterisk). Abbreviations: LDR = left-dorsal-right projection; RVL=right-ventral-left projection
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the right lower lobe, as well as multiple hypermetabolic
osseous lesions (Fig. 3b,c). Histological sampling from
the liver mass confirmed a metastatic lesion of the pre-
viously diagnosed MM, and atypical liver resection of
segments [Vb/V/VI was performed. E-cadherin and beta-
catenin expression pattern were similar to the specimen
from 2018 (Fig. 2¢,d). No target mutations in anaplas-
tic lymphoma kinase (ALK), B-Raf (BRAF), epidermal
growth factor receptor (EGFR), fibroblast growth factor
receptors (FGFR1/2/3), K-Ras (KRAS), mesenchymal-
epithelial transition (MET), Neuregulin 1 (NRG1), rear-
ranged during transfection (RET) and c-ros oncogene 1
(ROS1) genes were found in the molecular analysis of the
specimen from the liver using Oncomine Comprehensive
Assay v3 (OCA v3, Thermo Fisher Scientific Inc.) and
FusionPlex Lung Panel (ArcherDX, Archer Inc.). Profi-
cient mismatch repair (pMMR) loss and neurotrophic
tyrosine receptor kinase (NTRK1/2/3) gene fusion were
not detected. Programmed death-ligand 1 (PD-L1) tumor
proportion score (TPS) was 4%, resulting in an immune
cell (IC) score of 1. Due to increasing pain, radiotherapy
of the left ischium, the left first and second ribs and lower
thoracic/upper lumbar column was administered with a
total dose of 30 Gy in 10 fractions each. In addition, the
location of relapse was irradiated with a total dose of
39 Gy. After radiation therapy, the patient received two
additional cycles of PRRT with 7.96 and 7.3 GBq '""Lu-
DOTATOC. A month after application of the third cycle
of PRRT, staging examination revealed a diffuse osseous
and pulmonary metastatic progression with sintering
of the eighth thoracic vertebra. The irradiated meningi-
oma relapse showed no signs of progression. The patient
received radiation therapy of parts of the thoracic col-
umn, the right acetabulum and the right forth rib with a
total dose of 30 Gy in 10 fractions each. In addition, the
cervical and lumbar column was irradiated with a total
dose of 24 Gy in six fractions. PRRT could not be con-
tinued due to persistent pancytopenia under ongoing
radiotherapy. Due to the palliative overall situation and
deterioration of the general condition, the patient was
transferred to palliative care unit after completion of the
last radiotherapy. After further pain reduction and partial
mobilization, the patient was discharged home and died a
month later.

At discharge, the patient was satisfied with the achieved
pain reduction but regretted the general course of the
disease.

Discussion and conclusions

Meningioma metastases occur in 2% of all patients
with a higher incidence in MM [5]. A dissemination
through the cerebrospinal fluid is rare, and hema-
togenous or lymphatic spread is even less common
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[12-18]. Iatrogenic contact metastases of meningioma
after resection have also been described in the litera-
ture [19, 20]. The primary localization of meningioma
is usually the central nervous system although ectopic
extracranial manifestations of meningioma might also
occur (<2%), most frequently in the head and neck
region [21]. It was suggested that ectopic meningiomas
develop de novo from multipotent stem cells rather
than resulting from a malignization of misplaced arach-
noid cells although specific differences in the cytomor-
phology and immunohistochemical profile between
ectopic and intracranial meningiomas could not be
found [22]. In the majority of ectopic meningiomas,
characteristic cytomorphological features include
tightly cohesive clusters of spindled cells, whorls, intra-
nuclear inclusions, nuclear grooves and psammoma-
tous calcification. Unusual cytomorphological features
including epithelioid cell predominance, abundance of
inflammatory cells, small-cell changes, papillary struc-
tures and pseudoacinar growth could only be identi-
fied in a few cases. Compared to ectopic meningioma,
metastatic meningioma appear to exhibit cellular
atypia, increased mitotic rate, necrosis and apoptosis
more frequently [23]. These cytomorphological features
occur in AM and MM, which generally have a higher
tendency to metastasize, but could not be found in the
specimens of our patient [5].

The mechanisms of meningioma spreading are com-
plex and not fully understood, however, loss or dys-
function of cell-to-cell adhesion molecules might be a
crucial factor for invasion of tumor cells. Loss or mal-
function of cell-to-cell adhesion molecules leads to a
loss of intercellular connections between cells. Hence,
contact inhibition is weakened which eventually drives
uncontrolled growth of tumor cells and subsequently
enables the invasion into surrounding tissues [24, 25].
Important cell adhesion molecules are E-cadherin and
beta-catenin, which are part of the calcium-dependent
E-cadherin/catenin complex that regulates cell adhe-
sion and maintains cell stability. Its downregulation
or malfunction results in a reduced adhesion between
epithelial cells [24]. Although meningiomas are charac-
terized by the expression of E-Cadherin together with
Vimentin, more recent data showed a positive cor-
relation between downregulation of E-cadherin and
malignancy of meningioma [26-29]. Earlier reports,
however, suggested no correlation [30, 31]. In regards
to beta-catenin, the literature is incoherent. Beta-
catenin appears to be upregulated with higher concen-
trations in the nucleus and cytosol, while expression
levels in the membrane are downregulated [26, 28]. A
complete loss of E-cadherin expression was found in
the histopathological staining of our patient, which is
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concurring with previously published data (Fig. 2a,c)
[26, 29]. Expression levels of beta-catenin in our speci-
mens were normal (Fig. 2b, d).

Since most case reports were published before 2021,
histopathological classification was based on outdated
pathological characteristics, which raises the question if
meningioma might have been falsely diagnosed in cer-
tain cases. For instance, solitary fibrous tumor (SFT),
formerly known as solitary fibrous tumor/hemangio-
pericytoma (SFT/HPC), is associated with higher rates
of recurrences and metastasis but has a similar presenta-
tion on imaging, resulting in a false diagnosis [32, 33]. At
present, SFT can be distinguished from meningioma by
the complete absence of EMA, nuclear expression of Sig-
nal Transducer and Activator of Transcription 6 (STAT6)
and the detection of a NAB2-STAT6 fusion [34—36]. Due
to the expression of EMA in the specimens of 2018 and
2020, the diagnosis of a SFT is very unlikely but cannot
completely be excluded because STAT6 staining and gene
sequencing for NAB2-STAT6 fusion were not performed.
The development of a relapse or a radiation-induced
secondary meningioma in 2018 is more likely. Radia-
tion-induced meningioma tend to present as multiple
high-grade tumors with an aggressive behavior and fre-
quent tumor recurrence, fitting to the clinical course of
our case report [37]. Other risk factors for meningiomas
include female sex, diabetes mellitus, arterial hyperten-
sion and germline alterations in the Neurofibromin 2
(NF2) gene [38, 39]. Data are inconsistent with respect
to smoking as a risk factor [39, 40]. A posttraumatic
etiology of the meningioma in our case report is highly
unlikely due to the minor severity of the trauma and the
short time interval between trauma in 2016 and meningi-
oma diagnosis in 2018. Published data suggest an average
time interval between trauma and clinical manifestation
of 12.95 years (range 4—45 years) [41].

European Association of Neuro-Oncology (EANO)
guideline-compliant therapy for MM consists of a radical
resection followed by adjuvant radiotherapy [42]. If the
tumor is not resectable, primary radiotherapy is recom-
mended. However, due to prior radiation therapy of the
intracranial site in 1998, adjuvant radiotherapy for the
patient was omitted in 2018 and was only applied at time
of further relapse in 2021. In addition, no target-based
therapies could be administered to the patient due to the
lack of oncogenic mutations. Up to now, there is still no
established systemic therapy for the effective treatment
of recurrent meningioma of any grade. Options for phar-
macotherapy include, but are not limited to, hydroxyurea,
somatostatin analogues, vascular endothelial growth fac-
tor receptor (VEGF) antibodies, EGFR, platelet-derived
growth factor receptor (PDGFR) and mammalian target
of rapamycin (mTOR) inhibitors [43].
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In our case report, an adequate pain relief was achieved
at the sites of bone metastases by conventional frac-
tionated radiotherapy with cumulative doses between
24-30 Gy, which are comparable to standard dose con-
cepts for pain reduction in other entities.

Due to high expression levels of SSTR on the cell
surface, meningiomas are often susceptible to SSTR-
targeted PRRT, especially in combination with fraction-
ated external beam radiation therapy [44]. Our patient
received three cycles of ’’Lu-DOTATOC with a cumula-
tively administered activity of 22.7 GBq. Whether PRRT
therapy has delayed disease progression is difficult to
prove in our case report. In a recent meta-analysis, dis-
ease progression risk in treatment-refractory meningi-
omas decreased by 13% per 1,000-MBq increase in the
total applied activity but response rates were very poor
for treatment-refractory MM [45]. In our case report,
the patient developed new bone metastases 3 months
after the first dose of PRRT but progression of the already
existing metastases in the bones and the lungs could not
be detected.

In our case report, the specimen of metastatic MM
showed a histopathological downregulation of E-cad-
herin. E-cadherin downregulation seems to be associated
with a higher probability of tumor invasion and distant
metastasis formation in MM. Until now, the efficacy
of systemic therapy, including PRRT, is very limited in
malignant meningioma patients.
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