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Abstract
Background: Intracranial tumors with heterogeneous histopathology are a 
well‑described pathologic entity. Pathologically, distinct tumors in direct contact with 
one another, also known as collision tumors are exceptionally rare, and collision 
between meningioma subtypes has not been previously described in the literature.
Case Description: A 79‑year‑old female with a history of breast carcinoma 
presenting with visual and motor deficits and imaging/intraoperative findings 
consistent with separate, distinct lesions. Histopathologic findings provided 
evidence for a collision between World Health Organization Grade III anaplastic 
and papillary meningioma.
Conclusion: We report a possible collision tumor between two separate meningioma 
subtypes based on the unique radiologic, intraoperative, and histopathologic 
findings. Submission of multiple pathologic specimens during surgical resection 
is key for accurate histopathologic diagnosis.
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INTRODUCTION

Solitary intracranial tumors with intratumoral 
heterogeneity consisting of varying meningioma subtypes 
are a known reported pathologic entity.[12,17] Collision 
tumors are rarer entities that consist of well‑demarcated, 
discrete tumors of differing histopathology that occur 
in direct contact within the same anatomic location. 
These tumors are rare, especially in the brain, with less 
30 cases of collision tumors between intrinsic brain 
tumors reported in the literature since 1970.[1,3,6,9,11,13,14] 
A collision between two distinct meningioma subtypes 
has not been reported in the literature. Here, we provide 
possible evidence for a unique case of collision tumor 
between World Health Organization (WHO) III papillary 
and WHO III anaplastic meningiomas and describe the 
radiologic, intraoperative, and histopathologic features of 
this rare diagnosis.

CLINICALLY SUMMARY

A 79‑year‑old right‑handed female with a history of 
recently diagnosed Stage III, Grade II invasive ductal 
breast carcinoma presented with a 2‑week history 
of progressive left‑sided weakness, visual loss, gait 
imbalance, and headache. Her neurological examination 
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was remarkable for a left homonymous hemianopia as 
well as mild left‑sided hemiparesis.

Contrast‑enhanced head computed tomography scan 
and subsequent brain magnetic resonance imaging with 
gadolinium demonstrated a large, multilobulated, contrast 
enhancing, dural‑based, and predominantly extra‑axial 
mass in the right parietooccipital region with apparent 
invasion of the underlying right parietal brain parenchyma 
[Figure 1]. Two radiologically distinct components of this 
tumor were apparent, each with differing enhancement 
patterns with the anterior component showing greater 
enhancement and central necrosis. This was suggestive 
of two pathologically distinct components with associated 
moderate vasogenic edema in the surrounding brain 
parenchyma with mass effect on the right lateral ventricle 
and mild midline shift to the left.

The patient was taken to the operating room where 
a right parasagittal craniotomy was performed for 
gross total resection of the lesion. Intraoperative 
frozen section was consistent with meningioma. This 
diagnosis was consistent with the initially encountered 
vascular dural‑based lesion. The deeper portion of the 
tumor was noticeably less vascular, lobular, and largely 
intraventricular. This portion was adherent to the choroid 
plexus of the atrium. Because of concerns of the differing 
appearance of this portion of the tumor, a second 
permanent pathology specimen was submitted.

The patient had an uneventful postoperative course with no 
new deficits. She was discharged to a skilled nursing facility.

Histologic examination revealed two distinct malignant 
neoplasms, which intermingled in areas. The sections 

that were submitted from the superficial dural‑based 
lesion showed a predominantly solid growth pattern 
forming focal papillary structures [Figure 2]. Mitotic 
activity was high with more than 20 mitotic figures 
per 10 high‑power fields [Figure 2]. The meningioma 
cells showed prominent nucleoli with high nuclear to 
cytoplasmic ratios. Necrosis was focally present [Figure 2]. 
The morphologic features were consistent with papillary 
meningioma, WHO Grade III. The sections that were 
submitted from the deeper ventricular lesion showed 
a different morphology with features consistent with a 
transitional‑type meningioma with identifiable whorl 
formations and psammoma bodies [Figure 3]. In addition, 
it showed areas of hypercellularity with small cell change, 
macronucleoli, and tumor cell necrosis. This lesion also 
showed more than 20 mitotic figures per 10 high‑power 
fields [Figure 3], thus meeting the histologic features of 
anaplastic meningioma, WHO Grade III. Both tumors 
invaded underlying brain parenchyma.

By immunohistochemistry, both tumors showed an 
immunophenotype consistent with meningioma with 
strong positivity for epithelial membrane antigen 
[Figure 4] and vimentin. The most striking difference, 
however, was the very strong immunoreactivity for 
cytokeratin (CK) AE1/AE3 [Figure 5] and CK8/18 that 
was seen only in the papillary meningioma and not in the 
anaplastic meningioma. The CK positivity was seen in 
virtually every cell in the papillary meningioma and was 
completely negative in the anaplastic meningioma, and it 
clearly delineated the two tumors.

Review of the patient’s breast and axillary lymph 
node biopsy results showed histopathology consistent 
with Grade II invasive ductal breast carcinoma. 
Immunohistochemical analysis showed strong estrogen 
receptor (ER), CK7, mammaglobin, and gross cystic 

Figure 2: Papillary meningioma (H and E, ×40). This tumor was 
characterized by sheet-like growth pattern (a) high mitotic activity 
with more than 20 mitotic figures per 10 high-power fields (arrows) 
(b) forming focal papillary structures (c) and area of necrosis (d)
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Figure 1: Axial contrast-enhanced computed tomography 
(a), T1-weighted noncontrast (b) and T1-weighted contrasted 
(c) magnetic resonance imaging showing contrast-enhancing 
predominantly extra-axial dural-based lesion with invasion 
into underlying brain parenchyma. Two radiologic distinct 
components are delineated by the red arrow in the T1-weighted 
contrast-enhanced coronal and sagittal images (d and e)
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disease fluid protein 15 (GCDFP‑15) positivity. 
Immunohistochemistry was negative for progesterone 
receptor and human epidermal growth factor receptor 2‑neu.

A detailed description and comparison of the morphologic 
features and the immunohistochemistry can be found in 
Tables 1 and 2.

DISCUSSION

Here, we present a unique case of an intracranial tumor 
consisting of two differing meningioma subtypes in a 
patient with recently diagnosed invasive ductal breast 
carcinoma. In terms of entertaining the diagnosis 
of collision tumor, meningioma is the second most 

Table 1: Detailed description of the morphologic features 
of the anaplastic meningioma and papillary meningioma

Morphologic features Anaplastic 
meningioma

Papillary 
meningioma

Whorl formation Positive Negative
Psammoma bodies Positive Negative
Macronucleoli Positive Positive
Sheet‑like growth pattern Positive Positive
Small cell change Positive Positive
Hypercellularity Positive Positive
Necrosis Positive Positive
Papillary structures Negative Positive
Brain invasion Positive Positive
Mitoses >20/10 >20/10

Table 2: Immunohistochemical results

Stains Anaplastic 
meningioma

Papillary 
meningioma

Invasive ductal 
carcinoma

ER Negative Negative Positive
PR Positive Negative Negative
HER2/neu Negative Negative Negative
GCDFP‑15 Negative Negative Positive
Mammaglobin Negative Negative Positive
CK7 Negative Rare cells Positive
Vimentin Positive Positive N/A
EMA Positive Positive N/A
CK AE1/AE3 Negative Positive N/A
CK8/18 Negative Positive N/A
CK20 Negative Negative N/A
GFAP Negative Negative N/A
CD34 Negative Negative N/A
S100 Negative Negative N/A
CD99 Positive Weakly positive N/A
SV40 Negative Negative N/A
E‑cadherin Positive Positive N/A
Transthyretin Negative Negative N/A
WT‑1 Negative Rare, focal N/A
TTF‑1 Negative Negative N/A
CDX‑2 Negative Negative N/A
MIB‑1 15% 35% N/A
The tumor histology is divided into two: Anaplastic and papillary and compared with 
immunohistochemical results of the patient’s invasive ductal breast carcinoma. Primary 
antibodies are listed in the left column. N/A: Not applicable  (stains not performed), 
ER: Estrogen receptor, PR: Progesterone receptor, GCDFP‑15: Gross cystic disease 
fluid protein‑15, HER2: Human epidermal growth factor receptor 2, CK: Cytokeratin, 
EMA: Epithelial membrane antigen, WT‑1: Wilms’ tumor‑1, TTF‑1: Thyroid transcription 
factor‑1

Figure 3: Anaplastic meningioma (H and E ×40). This tumor 
was characterized by sheet-like growth pattern (a) high mitotic 
activity with more than 20 mitotic figures per 10 high-power 
fields (arrows) (b) better-differentiated area showed morphologic 
features of a transitional meningioma with psammoma bodies 
(c) and identifiable whorl formations (d)
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Figure 4: Strong epithelial membrane antigen positivity in both 
the anaplastic (a) and papillary (b) meningiomas (a and b: EMA 
IHC, ×20 )
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Figure 5: Collision between the anaplastic (above) and papillary 
(below) meningiomas (a) H and E, ×4 . Cytokeratin AE1/AE3 is 
positive in the papillary meningioma and completely negative in 
the anaplastic meningioma; clearly delineating the two tumors 
(b) CK AE1/AE3 IHC ×4 , higher power ×10 of the same area (inset)
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common intracranial tumor to collide with another, but 
all other reported cases have been in conjunction with 
an entirely different tumor (astrocytoma, metastatic 
tumor).[3‑5,8,11,14,19] There have been six reported cases of 
intracranial meningioma in a collision with astrocytoma, 
but no reported cases of intracranial collision tumors 
between meningioma of varying subtypes.[6,9] The 
pathogenesis of collision tumors has been hypothesized 
to be secondary to simple chance alone or by one tumor 
acting as an irritating agent for the local proliferation 
and growth of the other and factors such as surgical 
trauma, ionizing radiation, and genetic predisposition 
have been associated with these tumors.[6,16,23] In our 
case, the patient had no prior history of cranial surgery or 
radiotherapy making the hypothesis of local proliferative 
factors of each tumor stimulating the growth of the other 
or genetic predisposition the most likely causes.

Interestingly, our patient had been recently diagnosed 
with Stage III, Grade II invasive ductal breast carcinoma. 
Cases of intracranial collision tumor between metastatic 
carcinoma/sarcoma and meningioma have been previously 
described.[1,4,15,18,22] An association between both solitary 
intracranial meningioma and breast carcinoma has 
also been reported as well as rare cases of metastatic 
breast carcinoma to meningioma (tumor‑to‑tumor 
metastasis).[7,10,20] The papillary meningioma component 
did show areas of carcinoma‑like pathology, raising 
the question of possible intracranial meningioma 
with breast metastasis; however, in our case, the 
patient’s breast cancer was ER‑positive while both the 
papillary and anaplastic portions were not. In addition, 
immunohistochemical markers that are commonly 
positive in and highly sensitive and specific for breast 
carcinoma (mammaglobin and GCDFP‑15) were negative 
in both tumors.[2,21] Furthermore, in most reported cases 
of carcinoma metastatic to meningioma, the host tumor 
typically appears benign.[12] Furthermore, the patient did 
not have any other evidence of metastatic disease on 
staging imaging. This constellation of findings makes 
metastatic carcinoma to meningioma less likely.

Intracranial meningiomas with intratumoral heterogeneity 
(adenocarcinoma‑like metaplasia) have also been reported 
in the literature.[12,17] These cases have shown a WHO 
Grade I–III histology intermingled heterogeneously within 
the same mass lesion.[12,17] In these reported cases, the 
radiologic appearance of the tumors differed significantly 
from our case in that they were heterogeneous lesions 
without a clearly demarcated interface. In our case, 
an interface between what appeared to be two discrete 
lesions was evident and was reported by the radiologist. 
Moreover, during surgical resection, each lesion had a 
unique consistency and vascularity, which ultimately led 
to our suspicion of the possibility of two discrete lesions 
in a collision with one another. These above observations 
taken in conjunction with immunohistochemistry, in 

particular CK staining that showed a sharp boundary 
of demarcation between the papillary and anaplastic 
meningioma subtypes at the gross interface between 
the lesions, seems to favor collision tumor over a single 
tumor with intratumoral heterogeneity.

Despite imaging findings suggestive of two separate 
compartments, the provisional diagnosis preoperatively 
in our case was that of one tumor type; however, a 
demarcation between the two differing meningioma 
subtypes during gross resection as evidenced by 
the differing consistency and vascularity of the 
intraventricular lesion led to our suspicion of two distinct 
tumors and the submission of multiple specimens. 
The submission of multiple specimens is imperative 
when concern for multiple distinct lesions arises during 
surgical resection. Without this suspicion, this unique 
histopathologic diagnosis would not be reported.

CONCLUSION

We report a rare case of two distinct intracranial 
lesions with unique radiologic, histopathologic, and 
gross appearing characteristics. These characteristics 
provide evidence for a possible collision tumor between 
meningioma subtypes. During surgical resection, multiple 
pathologic specimens should be submitted if there is a 
concern for differing pathologic diagnoses or subtypes.
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