
 

 

Introduction 
 
The phenomenon of tumor-to-tumor metastasis 
has been described in the literature for many 
years since Fried published the first docu-
mented case of bronchogenic carcinoma metas-
tatic to a meningioma in 1930 [1, 2]. However, 
this remains fairly uncommon with fewer than 
100 cases being described to date. Virtually any 
benign or malignant tumor can be a recipient, 
but meningiomas have been implicated/cited 
as the most common intracranial neoplasm to 
harbor metastasis [2-4]. An exhaustive litera-
ture search yielded 84 documented cases of 
this tumor-in-tumor phenomenon, in which, the 
donor neoplasm is most frequently breast carci-
noma, followed by lung [2, 3, 5]. Less common 
primary sites yielding such metastasis have 
been reported, including but not limited to renal 
and rarely prostate or genitourinary. We present 
three cases of adenocarcinoma, metastatic to 
intracranial meningioma, with a review of the 
literature. 

Case reports 
 
Case 1 
 
A 77-year-old male initially presented with ir-
regular bowel movements, rectal bleeding and 
was later diagnosed via colonoscopy and biopsy 
with poorly differentiated rectal adenocarci-
noma. At the time of diagnosis, work up for dis-
tant metastatic disease was negative. The pa-
tient underwent a low anterior resection and 
pathology showed a moderately differentiated 
adenocarcinoma invading into the serosa. The 
distal margins of the surgical specimen and 
15/25 lymph nodes were all positive for metas-
tatic adenocarcinoma. Postoperatively, the pa-
tient was treated with adjuvant chemotherapy 
and radiation.  
 
Approximately one year later, the patient re-
turned to the gastrointestinal clinic complaining 
of a mass on his calvarium, short term memory 
loss, and difficulty speaking. MR imaging of the 
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brain showed multiple intracranial lesions. A 
large extra-axial enhancing lesion within the left 
pterional region was observed. This lesion had 
characteristics of a meningioma and was creat-
ing mass effect upon the left anterior temporal 
lobe and the sylvian fissure. An intra-axial en-
hancing lesion that was cystic and hemorrhagic 
was also seen in the left temporal lobe just an-
teromedial to the previously noted lesion (Figure 
1A). A second extra-axial lesion of the vertex 
was noted to have some characteristics of a 
meningioma. However, the lesion was destroy-
ing the cortex and appeared to be obstructing 
the superior sagittal sinus suggesting metasta-
sis. At least three other subcentimeter ring-
enhancing lesions were seen scattered through-
out both hemispheres and were thought to rep-
resent metastasis.   
 
A left frontal temporal craniotomy was per-
formed with resection of the two distinct lesions 
within the left temporal lobe. Postsurgical pa-
thology showed that the extra-axial lesion within 
the pterional region was in fact a meningioma 
and the intra-axial lesion within the left tempo-
ral lobe was metastatic adenocarcinoma. Within 
sections from the meningioma however, there 
was unequivocal metastatic adenocarcinoma. 
This tumor was directly metastatic to a men-
ingioma without intervening brain tissue and 
showed solid tumor as well as islands of iso-
lated adenocarcinoma, entirely surrounded by 
meningioma (Figure 1B). The metastatic adeno-
carcinoma had characteristic histology and im-
munohistochemistry for cytokeratin 20 and Cdx-
2 confirmed colorectal origin (Figures 1C and 
1D). The patient had an uneventful postopera-
tive course and was transferred to the oncology 
division for further chemotherapy. 
 
Case 2 
 
A 58 year old right-handed male with a history 
of metastatic prostate cancer (Gleason 8) diag-
nosed in November, 2006, involving multiple 
areas, including both the spine and left hip, pre-
sented 18 months later complaining of numb-
ness and progressive weakness of the left toes 
and foot. He was previously treated with both 
radiation and chemotherapy, and reported that 
these symptoms were absent prior to treatment. 
He noted that the weakness progressed cau-
dally to above the knee and that he had eventu-
ally begun dragging his foot. Physical exam find-
ings were significant for 4/5 strength with left 

ankle dorsiflexion and 3-/5 strength with left 
ankle plantar flexion. He also exhibited a slightly 
high-steppage gait on the left side.  
 
An MRI of the spine with contrast in August, 
2008 demonstrated diffuse skeletal metasta-
ses with no evidence of a spinal cord lesion or 
epidural cord compression. An MRI with con-
trast of his brain revealed a dural-based, 2.4 x 
2.6cm lesion located in the area of the primary 
motor cortex in the right frontal region with a 
significant amount of vasogenic edema (Figure 
1E). The radiological findings were more consis-
tent with a meningioma rather than metastatic 
prostate adenocarcinoma. He subsequently 
underwent a right frontal craniotomy and resec-
tion of the tumor.  
 
Histology revealed two morphologically distinct 
areas; an epithelial, glandular component with 
larger nuclei and prominent nucleoli (Figure 1F 
and 1G) and a second area with a syncytial and 
focally whirling pattern. Immunohistochemistry 
demonstrated a strong, discretely positive cy-
tokeratin Cam 5.2, PSA and PSAP immunoreac-
tive adenocarcinoma component admixed 
within a classic meningioma (Figure 1H).  
 
Case 3 
 
A 57 year old with a history of prostate carci-
noma, Gleason 8, diagnosed in August 2006 
with a positive bone scan in the area of the tho-
racic spine as well as the calvarium presented 
three years later for a second opinion regarding 
his care. At the time of diagnosis, he opted 
against a recommended biopsy to evaluate for 
possible metastasis and was treated with hor-
monal therapy. He complained of new onset 
dizziness, loss of concentration during driving 
and conversation, and weakness in the right 
arm. 
 
An MRI revealed a large, 6cm left frontal mass 
containing blood adjacent to a prominent area 
of calvarial hyperostosis. Both intra and extra-
axial components were identified. The tumor 
was creating mass effect with surrounding 
vasogenic edema (Figure 1I). The lesion was felt 
to be either a metastatic tumor or a men-
ingioma. He subsequently underwent a left fron-
tal craniotomy with gross total tumor resection 
with duraplasty and cranioplasty. Histopathology 
of the tumor demonstrated findings similar to 
those reported in the previous case with the 
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Figure 1. A. Coronal T1 weighted MRI with contrast shows enhancement of the pterional meningioma, with dural tail 
sign superiorly and metastatic lesion involving the anteromedial part of the tumor. Although radiographically a colli-
sion tumor could be considered, histologically islands of metastatic adenocarcinoma surrounded entirely by men-
ingioma are seen. B. H&E stained sections illustrate metastatic colorectal adenocarcinoma (solid arrow) within other-
wise typical meningioma. Original magnification 200x. C. Immunohistochemistry for Cytokeratin 20 supports a colo-
rectal origin for the metastatic component defining solid areas and islands of immunoreactive tumor. Cytokeratin 20 
immunoreacted sections. Original magnification 200x. D. Immunohistochemistry for Cdx-2 confirms the origin of the 
tumor and defines solid areas and islands of immunoreactive tumor. Cdx-2 immunoreacted sections. Original magnifi-
cation 200x. E. MRI revealed a large, 6cm left frontal mass containing blood adjacent to a prominent area of calvarial 
hyperostosis. Both intra and extra-axial components were identified. The tumor was creating a mass effect with sur-
rounding vasogenic edema. F and G. H&E stained sections illustrate two morphologically distinct areas; an epithelial, 
glandular component (black arrow) and a second area with a syncytial pattern and a well defined psammoma body 
(white arrow) is identified. At higher magnification the larger nuclei and prominent nucleoli of the prostatic adenocar-
cinoma are evident. The inset shows a well-formed meningothelial whorl seen on smear preparation. (Original magni-
fications 100x and 400x). H. The metastatic adenocarcinoma component of the tumor is prostate specific antibody 
immunoreactive. Immunohistochemistry for PSAP Original magnification 200x. I. MRI revealed a dural-based, 2.4 x 
2.6cm lesion located in the area of the right frontal cortex with some vasogenic edema. The lesion displayed some 
heterogeneity with apparent discrete areas within the tumor which differed from the larger surrounding tumor. J. H&E 
stained sections illustrate metastatic prostate adenocarcinoma (solid arrow) within meningioma. Original magnifica-
tion 200x. K and L. The prostate adenocarcinoma component of the tumor demonstrates a discretely positive cy-
tokeratin Cam 5.2 reaction. Immunohistochemistry for Cytokeratin Cam 5.2. Original magnification 100x and 200x. 
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metastatic prostate carcinoma surrounded by 
areas of meningioma (Figure 1J). The former 
staining strongly positive for CAM 5.2 and PSA, 
intermingled within the meningioma (Figure 1K 
and 1L). 
 
Discussion 
 
All reported cases are compiled and presented 
in Table 1. No cases of rectal adenocarcinoma 
metastatic to a meningioma were identified in 
our search of the literature, and only three prior 
cases of prostatic adenocarcinoma have been 
reported. 
 
The terms “tumor-to-tumor metastasis” and 
“collision tumor” have often been confused with 
one another, and used incorrectly in the litera-
ture. Collision tumors are defined as two 
neighboring neoplasms that invade one an-
other. Tumor-to-tumor metastasis has proved 
more difficult to define, with several proposed 
similar criteria to be fulfilled in order to be clas-
sified as such. These include a) the metastatic 
focus must be at least partially enclosed by a 
rim of benign, histologically distinct host tumor 
tissue; and b) the existence of a primary carci-
noma must be proven and be compatible with 
the metastasis [6, 7]. In addition, Takei and 
Powell [8] emphasize the importance of the 
metastatic tumor epicenter when evaluating for 
true tumor-in-tumor. All three of our cases fulfill 
these criteria. 
 
Much debate has ensued over the issue of why 
meningiomas are the most frequent CNS tu-
mors to harbor metastasis. Some attribute the 
event to a casual occurrence, while others offer 

more likely theories [3, 5]. The increased fre-
quency has been hypothesized to relate to the 
clinical and biological characteristics of a men-
ingioma, such as higher incidence among intrac-
ranial neoplasms, slow growth rate, hypervascu-
larity, and high collagen and lipid content [2, 3, 
9-13]. All of these characteristics create a favor-
able, noncompetitive environment which pro-
motes tumor growth. By contrast, the specula-
tion that psammoma bodies within meningio-
mas confer some degree of protection from me-
tastatic implants, has been expounded, how-
ever, this is not a widely accepted perspective 
[14]. More recent studies have focused on the 
interactions between the meningothelial and 
metastatic tumor cells. Watanabe, et al [15], 
suggested that the high expression of the cell 
adhesion molecule E-cadherin in both meningio-
mas and breast adenocarcinomas may play a 
prominent role metastatic seeding. This would 
explain why breast carcinoma is the most fre-
quently described metastatic neoplasm [3, 15]. 
Molecules involved in the disruption of cell ad-
hesions and immunological influences have 
also been postulated to make a significant con-
tribution to this phenomenon [3, 16].  
 
Characterization of tumor biology is important 
for prognostic information and appropriate pa-
tient management. Routine radiological imaging 
techniques, such as CT and MR, cannot reliably 
exclude the presence of metastasis within a 
meningioma. On CT, metastasis within a men-
ingioma may appear as a hyperdense area or, 
when associated with a necrotic component, as 
a hypodense area. Conventional MRI may dem-
onstrate atypical signal characteristics suggest-
ing the presence of another tumor within a men-

Table 1. Summary of tumor-to-tumor metastasis reported in the literature 
Primary Site # of Cases Reference 
Lung 11 [21]; [8]; [22]; [23]; [24]; [25]; [1]; [26]; [6]; [14]; [27] 
Breast 52 [28]; [29]; [16]; [30]; [3]; [31]; [32]; [33]; [34]; [35]; [36]; [37]; [38]; [39]; [40]; 

[41]; [42]; [43]; [44]; [15]; [45]; [46]; [47]; [18] 
Renal 7 [48]; [49]; [50]; [51]; [17]; [3]; [52] 
Skin 2 [9]; [8] 
Prostate 5 [53]; [54]; [55]; and two cases reported in the current series 
Colon 1 [56] 
Colorectal 1 One case - reported in the current series 
Ovary/Cervix 2 [57]; [58] 
Neuroendocrine 1 [59] 
Salivary Gland 1 [60] 
Stomach 1 [61] 
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ingioma, as is seen in this case [17]. 
 
Physiology-based neuroimaging methods, such 
as perfusion MR and MR spectroscopy, may be 
useful methods in noninvasively differentiating 
tumor histology. Perfusion MR imaging relies on 
hemodynamic differences in microvasculature 
to discriminate between unique tissue types. 
Tissues that are highly vascular with densely 
packed capillaries, such as meningiomas, will 
show a greater T2 signal intensity drop, and 
therefore a greater regional cerebral blood vol-
ume (rCBV). On the other hand, adenocarcino-
mas due to their high mucin content, have more 
diffusely spaced capillaries correlating with a 
smaller T2 signal intensity drop and rCBV [18]. 
These differences may facilitate discrimination 
between tissue types prior to any surgical inter-
vention and can assist in correct patient man-
agement. 
 
MR spectroscopy, which provides metabolic 
composition for tissue samples, together with 
conventional MR imaging improves the propor-
tion of correctly diagnosed cases of indetermi-
nate intracranial lesions compared to MR imag-
ing alone [19]. Increases in lipid/creatinine and 
alanine/creatinine ratios have been able to dis-
tinguish metastasis and meningiomas from 
other intracranial tumors, respectively. The de-
gree of malignancy of lesions has been corre-
lated with an increase in the lactate/creatinine 
ratio [20]. These observations make MR spec-
troscopy useful in identifying metastatic cells 
within a meningioma. Even so, histopathological 
findings remain the only reliable method of diag-
nosing this unique event. Consequently, when 
evaluating suspected lesions, pathologists 
should be cognizant of the numerous men-
ingioma variants, the possibility of an occult 
primary making its’ presence known, in addition 
to available medical history.  
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