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Abstract

Tumor-to-tumor metastasis is an uncommon event and meningioma has been found as the most 
common intracranial tumor hosting metastasis, with the majority arising from breast cancer. In the 
current report we present an interesting case of a meningioma containing metastatic breast carcinoma. 
We also discuss the radiologic and morphologic features and the pathologic mechanisms of this 
phenomenon.A 60-year-old woman with history of previous breast cancerdeveloped headache, 
confusion and aphasia. Magnetic resonance imaging showed a left frontal extraaxial mass, focally 
hyperintense on T2-weighted images and heterogeneously enhancing.A left frontal craniotomy was 
performed and the tumor completely removed. Pathological and immumohistochemical examination 
revealed metastatic breast carcinoma within meningothelial meningioma with E-cadherin expression 
in both tumors.There are not specific radiologic features of metastasis inside meningiomas but some 
findings might be suggestive and, although it is a remote possibility, should always be cogitated. 
Our findings suggest that the role of E-cadherin seems to be significant in promoting intertumoral 
cellular adhesion. 

INTRODUCTION
Metastasis from a tumor to another different tumor is an 

uncommon occurrence but not as rare as it was believed. There 
are several published cases demonstrating renal cell carcinoma 
as the most frequent recipient of metastases from other tumor, 
followed by meningioma, whereas lung cancer as the main donor 
tumor, followed by breast cancer [1-13].

Fried in 1930 was the first author to describe a case of tumor-
to-tumor metastasis to a meningioma [14]. Since then many 
other cases have been reported and meningioma seemed to be 
the main brain tumor recipient of metastases. Most of metastases 
to meningioma are originated from breast cancer [15,16]. Some 
authors described a close link between these two tumors, 
explained by the risk factors that they share and hormones 
effects, particularly growth induced by progesterone [17-19]. 

While meningiomas support growth of metastases in general 
[11] because its slow growth rate and rich vascularity [9], the 
cellular adhesion molecule E-cadherin, expressed in both tumors, 
suggests a specific tendency for breast cancer to metastasize to 
meningiomas [1,13]. 

In this article, we report a case of a tumor-to-tumor 
metastasis, which consists of a metastatic breast carcinoma in a 
meningioma. Besides the pathologic mechanisms and aspects of 
this occurrence, the radiologic features are also discussed.

CASE PRESENTATION

Clinical and surgical course

A 60-year-old woman was admitted to the hospital with 
headache, confusion, aphasia and right hemiparesis. Medical 
history revealed that she had undergone a left-sided mastectomy 
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for breast cancer three years ago, due a pathologic diagnosis of 
invasive ductal carcinoma histological grade II and nuclear grade 
2 with metastasis to three axillary lymph nodes. The neoplastic 
cells were positive to estrogen and progesterone receptors 
and negative to HER2 (C-erb-B2) on immunohistochemistry. 
After surgery,  adjuvant radiotherapy plus chemotherapy and 
Tamoxifen were administered and the oncology team followed 
up the patient. 

Preoperative neurological examinations revealed that the 
patient was somnolent, with no verbal response (aphasia), right 
hemiparesis and hyporeflexia. She opened the eyes in response 
to voice and did movements towards painful stimuli, what 
conferred Glasgow Coma Scale 9. 

A magnetic resonance imaging (MRI) was performed and 
showed an extraaxialmass in the left frontal convexity, with a 
wide dural base, occupying the olfactory groove and causing 
midline shift (Figure 1A and B). An important perifocal edema 
was also observed (Figure 1C). The mass was predominantly 
isointense but focally hyperintense on T2-weighted images, 
showing an intense heterogeneous enhancement after contrast 
administration (Figure 1B). 

The patient underwent a left frontal craniotomy and the tumor 
was totally excised. The surgical specimen consisted of a greyish 
irregular mass with aspect of a meningioma. Brain invasion 
was not found during the operation. She had an uneventful and 
favorable postoperative course and was transferred back to 
oncology division afterwards.

Histologic examination

The lesion demonstrated two distinct histological patterns. 
One consisted of highly cellular areas of polygonal shaped 
cells with vesicular pleomorphic nuclei and high mitotic rate, 

forming solid sheets and irregular lumens, easily recognized 
as an adenocarcinoma. The other areas were less cellular 
with spindle shaped cells tending to form round and syncytial 
aggregates, characteristic of meningothelial meningioma (Figure 
2A, B and C). The metastatic tumor was located only within the 
meningioma and there was no infiltration of brain parenchyma. 
Adenocarcinoma expressed AE1/AE3 and estrogen receptor but 
was negative for Vimentin and progesterone receptor, whereas 
meningioma was positive for Vimentin and progesterone 
receptor and negative for AE1/AE3. Both tumors expressed 
EMA and E-cadherin (Figure 3). The final pathological diagnosis 
was meningothelial meningioma, grade I (WHO), infiltrated by 
metastatic adenocarcinoma.

DISCUSSION 

Association of breast cancer and meningioma

It is well known that there is an important association between 
breast carcinoma and meningioma [20,21]. The risk of a patient 
with breast cancer to develop a meningioma is nearly two times 
higher when compared with someone without breast tumor [21]. 
The hypotheses explaining this fact are based on the risk factors 
that these tumors share: a) Both tumors have increased incidence 
in advanced ages; b) They are much more frequent in women 
than in men; c) There is a hormonal interrelationship between 
the tumors, mainly because progesterone action and, possibly, d) 
Demographics influences [20,21].

Tumor-to-tumor metastasis 

Tumor-to-tumor metastasis is an uncommon event but 
reasonably well studied. Renal cell carcinoma is the most frequent 
“recipient” of metastases, fact explained by the rich vascularity 
of this tumor and also the large amount of collagen and lipids. 
It is followed by meningiomas, sarcomas, thyroid neoplasms 

Figure 1 Magnetic Resonance Images:
A) Noncontrast sagittal T1-weighted MR image shows a well-demarcated frontal   extraaxial mass, without thickening of the adjacent dura. Perifocal 
edema is also noted
B) Postcontrast axial T1-weighted MR image shows a left frontal mass with prominent heterogeneous enhancement, evidencing the metastatic foci 
(arrows). The mass causes an important midline shift (arrowheads)
C) Noncontrast coronal T2-weighted MR image shows an intense perifocal edema (arrows) and midline shift, with compression of the ventricular 
system (arrowhead)
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Figure 2 Microscopy; H&E, original magnifications x 100 (A), x 400 (B and C):
A) Carcinoma ductal with solid sheets and cords of malignant cells (arrows, left) back to back with syncitial and whorled cellular agregates of benign 
meningioma (right)
B) Ducts of the metastatic neoplasia (arrows) within meningothelial meningioma
C) Meningioma containing breast carcinoma cells (arrows) with some bizarre nuclei (arrowhead).

Figure 3 Immunohistochemistry; original magnification x 400:
E-cadherin shows positivity in carcinoma cells (arrows) and 
meningioma cells (between arrows)

metastasis is the occurrence of either a mixed tumor or a 
collision tumor. A mixed tumor is a single tumor presenting 
two or more different patterns, what means a compound tumor. 
Collision tumor is defined as two distinct tumors with different 
histopathology and histogenesis, coinciding at the same place, 
without histological mixture [22,23]. 

Because the difficulty in recognizing a real tumor-to-tumor 
metastasis, four proposed criteria are used: 1) the metastatic 
focus must be enclosed by a rim of histologically distinct host 
tumor tissue; 2) the existence of two primary tumors must 
be proven; 3) the neoplastic nature of the host tumor must be 
histologically ascertained; 4) the host tumor cannot be a lymph 
node involved by leukemia or lymphoma [24].

Metastasis to meningioma

Meningioma is the most frequent intracranial tumor recipient 
of metastases from other extra cranial tumor [2,15]. These 
metastases are rarely accompanied by metastasis into a normal 
part of the brain [2]. There are also cases reported of metastasis 
to spinal meningiomas [1,4]. Among metastatic tumors, breast 
carcinoma has been found as the most common “donor” to 

and pituitary adenomas, whereas the most frequent metastases 
“donor” is lung cancer, followed by breast, prostate and thyroid 
carcinomas [1-13]. 

The main differential diagnosis of a true tumor-to-tumor 
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meningiomas, followed by lung cancer [15]. Caroli et al, in 2006, 
reviewed 63 published cases of metastases to an intracranial 
tumor from any extracranial primary tumor and demonstrated 
that 53 cases (84%) had meningioma as the recipient tumor. In 
31 cases (49%) the metastatic tumor was breast carcinoma and 
in 19 cases (28%) lung cancer [15]. These data suggest a possible 
affinity between these tumors, since when compared with brain 
metastases without meningioma, the percentage is inverted 
(nearly 20% are metastases from breast cancer and 50% from the 
respiratory tract) [25]. The most acceptable explanations for this 
phenomenon are the following: a) meningioma is a slow-growing 
tumor, what provides a long period of time for the metastasis 
to develop; b) meningioma is a richly vascularized tumor, what 
increases the chances of receiving hematogenic metastasis; c) 
there is an important association between these two tumors, 
showed by epidemiologic studies and also explained by hormones 
influences; d) the lack of immune response by meningioma 
favors metastasis development and installation; e) the amount 
of collagen and lipids within meningioma also benefits breast 
cancer metastatic cells [9,15]. Therefore, meningiomas would be 
a favorable environment for breast cancer metastasis, supporting 
the old but contemporary “soil and seed” Paget’s hypothesis [26]. 
Meningioma would be, in this case, a perfect fertile soil for the 
seeding of the carcinoma cells.

The cellular adhesion molecule, E-cadherin, has been 
considered an important factor of the increased affinity 
between these tumors, explained by the intercellular interaction 
among the cells [1,13]. This is considered to be in keeping with 
other speculationsof a specific tendency to breast carcinoma 
metastasizes to meningioma. Watanabe et al [13] and Aghi et al 
[1] showed that psammomatousmeningiomas, which are only 7% 
among all meningiomas and generally positive for E-cadherin, 
constitute 33% of the meningiomas recipients of metastases. 
Fibrous meningiomas, which are negative for E-cadherin, 
represent only 2% of the metastatic recipients. Furthermore, 
there is no case reported in the literature of metastasis to a 
malignant meningioma, which is E-cadherin negative [13]. Thus 
this molecule seems to be one of the factors that favor breast 
cancer metastasis to meningioma.

Radiologic features

Meningiomas can be diagnosed by computed tomography 
(CT) without contrast in 63% of the cases and, when contrast 
is administered, in 90% of the cases [27]. CT generally shows 
a juxtadural rounded and well circumscribed tumor with wide 
base and isodensity or hyperdensity. Non-enhancing areas 
may be viewed in benign meningiomas if they contain cystic or 
necrotic changes, but these areas also appear when malignant 
rather than benign changes are present [2]. Peritumoral edema 
and osseous changes such as hyperostosis and bone destruction 
can be present. MRI usually demonstrates isointensity on T1 and 
T2-weighted images, contributing to characterize the extraaxial 
location of this tumor.

There are few cases reported in the literature on MRI of 
metastatic carcinoma in meningioma and it appears that, at 
this time, there are no specific radiologic signs which would 
accurately differentiate benign meningiomas from meningiomas 
harboring metastatic cells [2,7,8,13]. Nevertheless foci of intense 

enhancement in a background of moderate enhancement on CT 
or MRI studies after contrast administration have been reported 
in some patients with histologically proved metastasis within the 
meningioma [7,8,13, 28].

Proton spectroscopic MRI (sMRI) has been related as a useful 
diagnostic method for determining the malignant potential of 
meningiomas and for suggesting metastatic foci. It evaluates 
the aggressiveness of the tumor or even the presence of 
another malignant tumor by measuring intra-tumor metabolite 
levels [13]. Perfusion MRI (pMRI) assess the degree of tumor 
microvasculature and can show regional haemodynamic 
differences within a meningioma containing metastatic 
carcinoma, which suggests the presence of two different 
tumor tissues not apparent on a conventional MRI study [28]. 
Notwithstanding the precise diagnosis is still obtained only with 
microscopic examination. 

CONCLUSION
 It is very difficult to identify a true tumor-to-tumor metastasis 

before histological examination. Moreover only few publications 
describe MRI and CT features of metastasis in tumor and they 
are not conclusive. However foci of more intense enhancement 
on MRI, after contrast administration, inside the tumoral mass, 
which sometimes are simply foci of hemorrhage or necrosis, 
might be suspicious for metastasis inside a meningioma. 

In the present case, MRI did not show any specific finding 
of tumor-to-tumor metastasis and, although the images 
showed an intense and heterogeneous enhancement after 
contrast administration, which could be suspect, the correct 
diagnosis was only obtained with histologic examination and 
immunohistochemistry.

 Metastasis from a tumor to another different tumor is a 
phenomenon that must be always considered when a tumor 
shows two or more striking different histological patterns, 
especially when these patterns are mixed. Thus is necessary to 
recognize the criteria for tumor-to-tumor metastasis in order to 
exclude a collision tumor and a mixed tumor as well as search for 
the medical history of the patient. Our case fulfils the criteria and 
both tumors demonstrated immunohistochemical expression for 
E-cadherin, the cellular adhesion molecule, what suggest that 
meningioma cells and breast carcinoma cells have an intense 
affinity, explained by the intercellular interaction promoted by 
this molecule. Hence these tumors seem to be more intimately 
connected than merely associated by the risk factors in common. 
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