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Abstract Introduction Collision tumors present as histologically different juxtaposed neo-
plasms within the same anatomical region, independent of the adjacent cell popula-
tion. De novo intracranial collision tumors involving metachronous primary brain
neoplasms alongside dural meningiomatosis are not well documented in the literature.
Clinical Presentation We present staged surgical management of a 72-year-old
female with known left hemispheric stable dural-based convexity mass lesions over
10 years and new-onset expressive aphasia and headaches. MRI had revealed left
supratentorial dural-based enhanced masses consistent with en plaque meningioma-
tosis. Embolization angiography showed an unusual tumor blush from an aberrant
branch of anterior cerebral artery suggesting a deeper focal intra-axial nature; a stage
1 craniotomy for dural-based tumor resection was completed with diagnosis of a
meningioma (WHO grade 1). Intraoperatively, a distinct intra-axial deep discrete lesion
was verified stereotactically, concordant with the location of tumor blush. The patient
made a complete neurological recovery from a transient postoperative supplemental
motor area syndrome in a week. Subsequent postoperative follow-up showed worsen-
ing of right hemiparesis and MRI showed an increase in residual lesion size and
perilesional edema, which prompted a stage 2 radical resection of a glioblastoma,
WHO grade 4. She improved neurologically after surgery with steroids and physical
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Background and Importance

Meningioma and glioma are the two most common primary
intracranial tumors which can present as collision tumors,
typically associated with trauma, radiotherapy, or phakoma-
tosis.1,2 Collision tumors are histologically different neo-
plasms within the same anatomical region, independent of
the adjacent cell population. Albeit the first collision tumor
with no prior treatment history was reported in 1976, they
continue to be a rare occurrence.3–8 Intratumoral metastases
and tumor “invasion” or “coalescent lesions” are observed in
collision tumors; however, their “dynamic or metachronous”
presentations and “unpredictable local invasiveness” give
them an exceedingly rare histological property.9–13 Intracra-
nial collision or juxtaposed tumors involving metachronous
primary brain tumors alongside a hemispheric dural men-
ingiomatosis are not documented in literature.

Clinical Presentation

A 72-year-old female with documented left hemispheric
dural-based meningiomas (with stable surveillance MR
scans for 10 years), had presented with new onset expres-
sive aphasia and worsening headaches. Previous MRIs
showed stable dural-based, enhancing coalescent extra-
axial masses predominantly in the left parasagittal region,
posterior frontoparietal and occipital areas, with a separate
anterior temporal, dural-based tumor (►Fig. 1A–F). Current
MRI showed the largest coalescent lesion was in the left
parafalcine posterior frontal region measuring 4.6�3.0 cm,
with “de novo” vasogenic edema and mass effect with
displacement of the falx, highly suspicious of an atypical
meningioma.

Despite intravenous steroids, her aphasia and perile-
sional edema on imaging both improved only minimally,
prompting urgent surgical intervention. Considering
symptomatic white matter edema of the left frontoparietal
brain, a preoperative embolization of the left middle
meningeal artery was performed with PVA particle and
Onyx liquid embolic agent. During embolization, an aber-
rant “blush” was seen from a left A3 branch supplying the
deep posterior frontal lesion suspicious for intra-axial
pathology separate from the relatively avascular meningi-
omatosis. An occlusion of the middle third of the superior
sagittal sinus was noted with displacement of engorged
venous tributaries (►Fig. 2A–E). A stage 1 frontotempor-

oparietal craniotomy for resection of the extensive en
plaque convexity meningiomatosis was performed with
motor mapping. Intraoperative findings revealed a lobu-
lated, firm, moderately vascular, dural-based lesion with
poor brain interphase in its deeper parts. A discrete deeper
solid tumor was then noted subcortically, verified under
stereotactic navigation, however, not contiguous with the

therapy. At 15 months following adjuvant therapy, she remains neurologically intact
throughout the postoperative course, with no recurrent tumor on MRI.
Conclusion A de novo glioblastoma presented as a masquerading lesion within
hemispheric convexity meningiomatosis in an elderly patient with no prior radia-
tion/phakomatosis, inciting a non-causal juxtapositional coexistence. The authors
highlight rare pathognomonic angiographic findings and the rationale for two-staged
resections of these collision lesions that led to excellent clinicoradiological outcome.

Fig. 1 (A) Axial section MRI brain with contrast depicting enhanced
left-sided hemispheric dural meningiomatosis. (B) Coronal section
showing a heterogeneous component of the “collision” tumor in deep
left frontoparietal brain with perilesional edema and an extra-axial
separate lesion in the Broca’s area based on convexity dura mater. (C)
Sagittal view showing a deep heterogeneous lesion with edema (red
arrow), juxtaposed to dural meningiomatosis. (D) Better delineation
of the heterogeneous component (glial) which was suspicious of glial
origin, showing a discrete T2 FLAIR appearance compared with
juxtaposed meningioma (red arrow) (E).
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superficial en-plaque meningiomatosis. Histopathology of
the superficial large lesion was confirmed as meningioma
(WHO Grade I) with moderate cellularity and a whorling,
syncytial growth pattern (►Fig. 3A), monotonous nuclei,
pseudonuclear inclusions, and psammomatous calcifica-
tions (►Fig. 3B). MIB-1 labeling was averaging 1 to 2% and
focally up to 4%.

Postoperatively, the patient had transient worsening of
aphasia and right hemiparesis, consistent with supplemen-
tary motor area syndrome which recovered fully within a
week. MRI confirmed focal resection of left dural meningi-
omatosis and Simpson grade 1 resection of the dural based
temporal lesion; however, a discrete enhancing residual
intra-axial lesion, likely a high-grade glial neoplasm was
noted (►Fig. 4A–E). Follow-up clinic visit demonstrated a
new progressive right hemiparesis (grade 3), and MRI
showed an increase in residual lesion size and persistent
edema around this residual mass. Hence a stage 2 limited
frontoparietal re-craniotomy for microsurgical radical resec-

tion was performed with stealth-guidance and motor map-
ping. Surgicalfindings revealed an intra-axial cyst anterior to
the central sulcus while the solid component was moderate-
ly vascularizedwith ill-defined boundaries adjacent towhite
matter.

Biopsy report confirmed an infiltrating glioma with high
cellularity, pleomorphic nuclei (►Fig. 3C), microvascular pro-
liferation, brisk mitosis and pseudopalisading/geographic ne-
crosis, characteristic of GBM (►Fig. 3D, E) with MIB1 labeling
up to 20 to 30%. Tumor cells were diffusely positive for GFAP
and had intact nuclear expression onATRX. p53 labeled 10% of
the tumor cells (non-mutational pattern). IDH-1 mutant pro-
teinwas negative on IHC (►Fig. 3F).Molecular studies showed
MGMT promoter methylation, EGFR gene amplification, and
CDKN2A gene deletion (on NGS).

PostoperativeMRI showedno residual tumor orhemorrhage
in the resection bed. Her hemiparesis gradually improved to
normal over 2 weeks with steroids and physical therapy. At
6 months post-adjuvant therapy, she was neurologically intact

Fig. 2 (A) Left internal carotid artery injection showing early A3 branch
supplying the superior pole of the likely intra-axial mass (red arrow). (B) Late
arterial phase of the same (red arrow). (C) Contralateral injection from right
internal carotid artery showing the relatively avascular parasagittal
lesion and independent supply of the left-sided deep lesion (red arrow). (D)
Lateral view showing relatively avascular parasagittal meningiomatosis (see
green arrows) and left external carotid arteriogram showing a tumor
blush at the frontotemporal extra-axial mass based off the dura mater (red
arrow) (E).

Fig. 3 (A) Microscopic sections show a moderately cellular lesion with a
whorling and syncytial growth pattern. (B) The tumor cells show round,
uniform nuclei and eosinophilic cytoplasm. Abundant psammomatous
calcifications are present. (C) Biopsy of the deeper suspicious focus
identified on angiography shows an infiltrating glioma with high cellularity.
(D,E)Higherpower imagesdisplaypleomorphicnuclei, briskmitoticfigures,
prominent microvascular proliferation and pseudopalisading necrosis,
characteristic of glioblastoma (WHO grade 4). (F) IDH-1 was negative on
immunohistochemical analysis, showing a wild-type profile.
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withno recurrent tumor onMR imaging (►Figs. 5 and 6)which
remained status quo at 15months after second surgery, consis-
tent with a radical resection of GBM.

Discussion

Collision tumors represent two coexisting lesions with
distinct morphologies occurring in the same anatomical
region, with or without pathologic invasion. Truong et al
discussed a literature review of 67 cases of meningioma and
glioma collision tumors with the first being reported in
1938 and the most recent in 2019.14 Collision tumors can be
benign–benign, benign–malignant, or malignant–malignant
combination lesions.15–18 Dural meningiomatosis repre-
sents approximately 1 to 10% of meningioma lesions, with
2% resulting in malignancy.19–22 De novo GBMs appear to
develop independent of histological evidence toward a
precursor lesion of a lower malignancy.23–26 Collision glio-
mas tend to occur peripheral of the meningiomas in a
majority of cases.27 In our case, arteriography played a

pivotal role in the characterization of the de novo lesion.
An aberrant branch of the left ACA feeding an intra-axial
mass raised suspicion for a parenchymal brain metastasis
versus high-grade glioma.28,29 Typically primary brain
tumors in collision tumors are GBMs, anaplastic astrocyto-
mas, or oligodendrogliomas.30

Environmental carcinogenic factors such as trauma or
ionizing radiation are thought to stimulate formation of a
concurrent secondary tumor.23 Matyja et al postulated that
collision tumors arise from one lesion stimulating growth of
the other.31 There is also not necessarily any pathologic
invasion involving the secondary tumors, such as seen in
our case and reported by Prayson et al.32 Molecular studies
have shown some genetic mutations found in these tumors
including VEGF, EGFR, EDGFR, and NDRG2 according to
Zhang et al.33

The decision to stage the resection was taken primarily
based on heterogeneity of the lesion with an aberrant ACA
blood supplyon angiography. Two stage surgerywas planned
due to (1) the large flap craniotomy required for

Fig. 4 (A) Coronal cranial MRI with contrast showing a heterogeneous enhancing frontoparietal intra-axial tumor (green arrow) likely of glial origin with
perilesional white matter edema and postoperative changes of focal meningiomatosis resection and Simpson grade 1 resection of lesion near
the Broca’s area (yellow arrow). (B) Post stage 1 craniotomy, sagittal contrast MRI brain showing the heterogeneous enhanced frontoparietal intra-axial
tumor, which was masqueraded by juxtaposed meningiomas. (C) Axial cranial MRI view with contrast showing the frontoparietal intra-axial
tumor with remarkable perilesional white matter edema and postoperative changes of focal meningiomatosis resection.

Fig. 5 (A, B, C) Early postoperative contrast MRI after stage 2 focal re-craniotomy for microsurgical radical resection of the intra-axial mass
showing radical resection of the lesion. (A) coronal, (B) sagittal, and (C) axial sections
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meningiomatosis resectionwith resultant CSF leak and brain
sag causing inaccurate stereotaxy, and (2) the morbidity of
removing parasagittal meningiomas with engorged venous
tributaries as shown on the angiography The parasagittal
draining veins draping and/ or encased by the tumor could be
thrombosed, arterialized as well as showing either an anter-
ograde or retrograde flow. The adjacent cortical veins could
impede tumor resection, cause venous ischemic or hemor-
rhagic strokes in eloquent brain (especially at middle one-
third sagittal sinus) and also cause seizures from venous
congestion, as well as impede or alter the collateral venous
flow of the hemisphere. It was hence decided to let patient
recover from these possible major vascular morbidities of
first craniotomy, and then perform a stage 2 resection of the
GBM using a smaller craniotomy allowing for lesser brain
shift/retraction, reduced venous disruption, and better ste-
reotactic guidance for focal tumor exposure andgross total or
radical resection.

Treatment options for heterogenous group of collision
tumors are still debated, with higher recurrence rates
noted based on proliferation status.34–37 Our patient was
followed with temozolomide and NOVO-TTF treatment,
with no residual tumor on cranial MRI at 15 months
and no lateralizing neurological deficits on clinical
examination.

Conclusion

We present a rare case of a de novo GBM in a patient with
juxtaposed intracranial meningiomatosis suspected from an
abnormal branch of the left ACA and heterogenous enhance-
ment of the deeper part of the lesion with disproportionate
edema. Most significantly, a two-staged resection achieved a
radical removal of the mass, followed by chemo-radiation
therapy resulting in no significant residual or recurrent GBM
at 15 months follow-up.

NOTE
Patient consent was not required for this case report as it
refers to only one patient and no patient identifiers are
included in the manuscript or figures.
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