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Case Report
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Abstract: We report a case of lung adenocarcinoma metastasizing to intracranial meningioma as a first clinical
manifestation. Surgeons should be aware of this rare lesion. A 70-year-old Chinese woman was admitted to our hos-
pital with a complaint of progressive left hemiparesis, predominantly of the upper extremity, for 20 days. Computed
tomography (CT) revealed a mass on the right side of the right occipital cerebral falx. The subsequent magnetic
resonance imaging (MRI) showed an oval mass with equal intensity on T1 weighted imaging (WI) and heteroge-
neous equal intensity on T2 WI. Within the tumor, a low T1 signal lesion was moderately enhanced after enhanced
scanning with a relative boundary. Neuroimaging indicated a meningioma and the patient underwent a total mass
resection. Formalin-embedded sections demonstrated two histologically distinct tumors (meningioma and adeno-
carcinoma) simultaneously in the same lesion without an intermediate transitional zone. Meanwhile, immunohisto-
chemical (IHC) staining showed two distinctly different immunophenotypes in these two tumors and indicated that
the component of adenocarcinoma might be a metastasis from a primary lung cancer. Therefore, a subsequent
pulmonary CT scan was performed and found a mass at the tip of the upper lobe of the right lung. Fine-needle
aspiration biopsy demonstrated an adenocarcinoma. The primary lung adenocarcinoma shared similar histologic
morphology with that of the intracranial metastatic site. The final diagnosis waslung adenocarcinoma metastasizing
to intracranial benign meningioma. The patient died of heart failure 2 weeks after surgery.
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Introduction malignancy [2-6]. Scattered reports and an
autopsy series indicated that the most common

Tumor-to-tumor metastasis is an uncommon donor tumor was breast cancer and lung can-

phenomenon in which one tumor metastasizes
to another tumor and was first reported by
Pried et al. in 1930 [1]. Four criteria were pro-
posed for the diagnosis of a tumor-to-tumor
metastasis: (1) two or more distinct neoplasms
coexist in the same tumor and a proven primary
carcinoma must be histologically compatible
with the metastasis, (2) the metastatic focus
must be encased by a rim of histologically dif-
ferent tumor tissue without an intermediate
transitional zone in order to exclude a “collision
tumor”, (3) the presence of extravascular
metastasis, and (4) the recipient tumor should
exclude generalized lymphatic or hematologic

cer, followed by kidney, prostate, thyroid, endo-
metrial, gall bladder, esophagus, and colon
cancer. On the other hand, the most common
recipient malignant tumors were renal cell and
thyroid carcinoma, while the benign counter-
parts were adrenocortical adenoma and menin-
gioma [3, 4, 7-12].

Meningioma is the most common recipient
tumor in the central nervous system. Clinically,
a variety of signs and symptoms may occur,
such as epileptic seizures, headaches, nausea
and dizziness, cognitive and mood deteriora-
tions, sensory and motor disturbances. With
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Figure 1. CT and MRI results of intracranial lesion. (A) CT revealed a mass
on the right side of the right occipital cerebral falx. (B-H) The subsequent
magnetic resonance imaging showed an oval mass (4.5 x 3.6 x 4.7 cm)
with equal intensity on T1 WI and heterogeneous equal intensity on T2 WI.
Within the tumor, a low T1 signal lesion was moderately enhanced after en-
hanced scanning with a relative boundary (The yellow arrow indicated the
lesion which was suspicious for metastatic foci). (B: Post-contrast T1-weight-
ed, coronal view; C: T1-weighted, sagittal view; D: Post-contrast T1-weighted,
sagittal view; E: T1-weighted, horizontal view; F: Post-T1-weighted, horizontal
view; G: FLAIR, horizontal view; H: T2-weighted, horizontal view).

greatly improved [2, 13-25].
On CT scan, metastasis wi-
thin a meningioma usually
exhibits a hyperdense mass
invaginating into the typical
meningioma with a relative
clear boundary. Meanwhile,
lung adenocarcinoma metas-
tasizing to intracranial benign
meningioma usually has an
unfavorable prognosis com-
pared with typical meningio-
ma. Complete excision is a
reasonable mode of treat-
ment. In addition, complete
sampling may improve the
detection for this tumor, and-
correct recognition of the
malignant component is im-
portant for subsequent treat-
ment, as the therapy is diff-
erent from that of typical
meningioma.

Case presentation
Clinical history

A 70-year-old Chinese woman
was admitted to our hospital
with a complaint of progres-
sive left hemiparesis, pre-
dominantly of the upper ex-
tremity, for 20 days. The
patient also felt recent, pro-
gressive pain of thewaist and
hip. She had no headache,
vertigo, nausea or vomiting
since the illness began. CT
revealed a mass on the right
side of the right occipital cere-
bral falx (Figure 1A). The sub-
sequent MRI showed an oval
mass (4.5 x 3.6 x 4.7 cm) with
equal intensity on T1 weight-
ed imaging (WI) and hetero-
geneous equal intensity on
T2 WI (Figure 1B-H). Within
the tumor, a low T1 signal
lesion was moderately en-
hanced after enhanced scan-
ning with a relative boundary

recent advances in medical imaging, the detec- (Figure 1F). The tiny blood vessels from the
tion rate for lung adenocarcinoma metastasiz- sickle of the cerebrum formed a radical pat-
ing to intracranial benign meningioma has been tern. The adjacent meninges were thickened
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Figure 2. Pulmonary CT imaging results. A, B: CT scan was performed and
found a mass (3.6 x 3.3 cm; CT value: 27 HU) on the tip of the upper lobe
of the right lung (the yellow arrows indicated the tumor). C, D: A soft tissue
shadow was observed in the chest wall which was suspicious for metastasis
(the red arrows indicated the lesion).

and showed enhancement after enhanced
scanning. The posterior horn of the right la-
teral ventricle was compressed and narrow.
Neuroimaging indicated a meningioma and
the patient underwent a total mass resection.
After complete sampling, we rendered a diag-
nosis of lung adenocarcinoma metastasizing to
intracranial benign meningioma. Therefore, a
subsequent pulmonary CT scanning was per-
formed and found a mass (3.6 x 3.3 cm; CT
value: 27 HU) at the tip of the upper lobe of
the right lung (Figure 2A and 2B). Also, a soft
tissue shadow was observed in chest wall
(Figure 2C and 2D). FNA biopsy demonstrated
an adenocarcinoma. The primary lung adeno-
carcinoma shared similar histological morphol-
ogies with those of intracranial metastatic
sites. The patient died of heart failure 2 weeks
after surgery.

Materials and methods

The intracranial mass was completely sampled
following the routine guideline of sampling 1
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block/cm of tumor. All speci-
mens and samples of FNA
biopsy were fixed in 10% for-
malin and embedded in par-
affin. A series of 4-um-thi-
ck sections was cut from ea-
ch paraffin-embedded block.
Commercially available predi-
luted monoclonal antibodi-
es directed against epithelial
membrane antigen (EMA),
AE1/AE3, GFAP, S-100, Oligo2,
CK7, TTF-1, Vimentin, PR, and
Ki-67 were purchased from
Mai Xin Inc., Fuzhou, China.
IHC staining was performed
using the streptavidin-peroxi-
dase system (Ultrasensitive;
Mai Xin Inc., Fuzhou, China)
according to the manufactur-
er’s instructions. The primary
antibody was replaced with
phosphate-buffered saline for
negative controls. Alcian blue-
PAS was performed accord-
ing to the manufacturer’'s
instructions.

Microscopic features and im-
munohistochemistry patterns
of intracranial lesion

At low magnification, the main body of the
tumor was composed of transitional menin-
gioma with foci of invaginated adenocarcino-
ma. The adenocarcinoma was surrounded by
transitional meningioma without an intermedi-
ate transitional zone. The meningioma compo-
nent combined features of both meningothelial
and fibrous subtypes of meningioma and pre-
sented with extensive whorl formation, wherein
tumor cells wrap around each other forming
concentric layers (Figure 3A and 3B). However,
most of these hyalinized whorl structures did
not have calcifications forming psammoma
bodies. On the other hand, the investigated
adenocarcinoma cells formed poorly differenti-
ated glands or cribriform structures (Figure 3C
and 3D). The nuclei of tumor cells were charac-
terized by chromatin condensation or occasion-
al prominent eosinophilic nucleoli. Atypical
mitotic figures were easy to observe in this case
(Figure 3D). Intraductal secretions could also
be focally observed in the poorly differentiated
or cribriform glands.
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Figure 3. Histologic features and immunohistochemical staining results of
intracranial lesion. (A) The adenocarcinoma was surrounded by transitional
meningioma without an intermediate transitional zone. (B) The transitional
meningioma showed extensive whorl formation, wherein tumor cells wrap
around each other forming concentric layers. (C) The investigated adeno-
carcinoma cells formed poorly differentiated gland or cribriform structures.
(D) The nuclei of tumor cells were characterized by chromatin condensation
or occasional prominent eosinophilic nucleoli. Atypical mitoses were easily
observed in this case. (E-H) The adenocarcinoma component was diffusely
positive for AE1/AE3 (E), EMA (F), TTF-1 (G) and CK7 (H). (I) The meningioma
component was diffusely positive for PR. (J) The Ki-67 labeling index was
approximately 30%.
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The adenocarcinoma compo-
nent was diffusely positive for
AE1/AE3 (Figure 3E), EMA
(Figure 3F), TTF-1 (Figure 3G)
and CK7 (Figure 3H), but neg-
ative for GFAP, S-100, Oligo2,
vimentin and PR. On the other
hand, the meningioma com-
ponent was diffusely positive
for EMA, vimentin, and PR
(Figure 3l), and focally posi-
tive for AE1/AE3 and S-100,
but negative for GFAP, oligo2,
CK7 and TTF-1. The Ki-67
labeling index was approxi-
mately 30% (Figure 3J).

Microscopic features and im-
munohistochemical patterns
of pulmonary lesions

The FNAB slide shared similar
histologic features (abundant
amphophilic cytoplasm, chro-
matin condensation and high
N/C ratio) with those of the
metastatic foci in the menin-
gioma, although the gland
structure was more obvious in
the former (Figure 4A-C). The
tumor cells in FNAB were also
diffusely positive for CK7
(Figure 4D) and TTF-1 (Figure
4E). The Ki-67 labeling index
was approximately 10%. The
intracellular mucus in the
adenocarcinoma cells stained
positively for Alcian blue-PAS
(Figure 4F).

Discussion

Tumor to tumor metastasis is
a unique phenomenon and its
diagnosis has strict criteria.
Tumor to tumor metastasis is
characterized by two or more
histologically distinct tumors
coexisting in the same lesion,
which also occurs in a colli-
sion tumor. Therefore, inexpe-
rienced physicians may con-
fuse these 2 concepts. The
four criteria described in the
introduction may help to dis-
tinguish between them and
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Figure 4. Histologic features and immunohistochemical staining results of
pulmonary tumor. (A-C) The tumor cells formed irregular structures and were
characterized by abundant amphophilic cytoplasm, chromatin condensation,
and high N/C ratio (Magnification A: x 40; B: x 100; C: x 400). (D, E) The tu-
mor cells were diffusely positive for CK7 (D) and TTF-1 (E). (F) The intracellu-
lar mucin in the adenocarcinoma cells stained positively for Alcian blue-PAS.

make a definite diagnosis of a tumor-to-tumor
metastasis [3-6]. The second criterion is that
two or more histologically different tumor tis-
sues coexist without an intermediate transi-
tional zone in order to exclude a “collision”
tumor. Considering the difficulty of acquiring
samples from the primary lesion or uncertainty
because of multiple system metastasis, a defi-
nite diagnosis of tumor to tumor metastasis is
hard to achieve in clinical practice. Often, the
occult primary lesion may be found only by
autopsy. To our knowledge, only 15 cases of
lung adenocarcinoma metastasizing to intra-
cranial meningioma reported in the English lit-
erature fully meet the criteria of tumor-to-tumor
metastasis (Table 1).

In the current case, the component of meta-
static adenocarcinoma was encased by transi-
tional meningioma without an intermediate
transitional zone and the primary lesion was
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also demonstrated by FNA
biopsy, which was in accor-
dance with diagnostic crite-
ria. In addition, upon review of
the imaging, we found that it
differed from that from that
of the traditional meningio-
ma. The typical meningioma
is characterized by uniform
enhancement on CT or MRI
studies, while in this case, an
abnormal enhanced nodule
on T1 enhanced scanning was
found within the mass and
well-demarcated from the sur-
rounding tumor tissues (Fig-
ure 1F). This lesion is fairly
small and did not attract the
attention of the doctor, but it
is exactly where the metastat-
ic focus was located.

The frequency of tumor-to-
tumor metastasis is underes-
timated. A series of autopsies
indicated that the most com-
mon donor tumor was breast
cancer and lung cancer, fol-
lowed by kidney, prostate, thy-
roid, endometrial, gall blad-
der, esophagus, and colon
cancer [6]. On the other hand,
the most common recipient
malignant tumors were renal
cell and thyroid carcinoma,
while the benign counterparts were adrenocor-
tical adenoma and meningioma [13].

Based on the reported cases, meningioma is
the most common recipient tumor in the cen-
tral nervous system [19, 21, 26, 27]. Tumor-
to-tumor metastasis seems to favor a speci-
fic organ. Various factors were suggested
to explain this interesting phenomenon, such
as hypervascularity, low metabolic rate, tu-
mor microenvironment (so called seed and soil
theory), cell-cell adhesion, and complex in-
teractions involving hormonal factors. How-
ever, the details of the mechanism remain
unclear.

Matsukuma et al. investigated 9 cases of tu-
mor-to-tumor metastasis (all primary tumors
were lung cancer) by autopsy. In five (55.6%)
of nine cases, metastases to nonneoplastic
vasculature-rich tissues were not found [6].
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Table 1. Clinical data of reported lung adenocarcinoma metastasizing to intracranial meningioma

Case Authors A/G Onset symptom Other me- Follow-up
tastases
1 Fried 1930 [1] 57/F Left hemiparesis Yes 2 months, DOD
2 Wolintz 1970 [23] 64/M Epilepsy Yes ND
3 Weems 1977 [22] 68/F Hemoptysis Yes 40 days, DOD
4 Hope 1978 [18] 61/F Left hemiparesis Yes 30 days, DOD
5 Pamphlett 1984 [20] 79/M Cough shortness of breath Yes 2 weeks, DOD
6 Conzen 1986 [16] 69/M Progressive right hemiparesis ND ND
7 Arnold 1995 [13]  71/F “Dim” vision in the right eye Yes 1 year, Recurrence 9 months since recurrence, DOD
8 Gardiman 1996 [17] 74/M ND ND ND
9 Bhargava 1999 [14] 52/M Progressive hemiparesis Yes 5 weeks, Recurrence
10 Cserni 2002 [24] 48/F Severe headaches No ND
11 Takei 2009 [25] 69/F Headache and with altered mental status Yes 1 year, Recurrence
12 Chatani 2014 [15] 74/F Amnesia and abnormal gait No ND
13 Talukdar 2014 [2] 65/M Episode of focal seizure Yes Lost to follow-up
14 Ravnik 2015 [21] 77/F Acutely deteriorating hemiparesis ND ND
15 Nadeem 2016 [19] 68/F Progressive right hemiparesis Yes 6 months, DOD radiotherapy and chemotherapy
16 Current case 70/F Progressive left hemiparesis Yes 2 weeks, died of heart failure

A/G: Age/gender; M: male; F: female; ND: not described; NED: no evidence of disease; DOD: died of disease.

Therefore, hypervascularity in itself is insuffi-
cient to explain why tumor-to-tumor metastasis
favors a specific organ. Tumor microenviron-
ment (so called seed and soil theory) is a sound
explanation. Brain, kidney, and adrenal gland
are all lipid-rich organs favorable for implanta-
tion of metastatic cancer. We have reviewed
cases of lung adenocarcinoma metastasizing
to intracranial meningioma and summarized
the clinical factors in Table 1. It is noteworthy
that 10/16 cases (69%) had widespread other
metastases, including our case which had
chest metastasis. Therefore, metastasis to a
lipid-rich organ may be only the local manifes-
tation of generalized metastases.

It is worth mentioning that for a patient with
tumor-to-tumor metastasis, the onset of symp-
toms is not always associated with primary
tumor. 12 of 15 cases presented with central
nervous system symptoms as the first clinical
manifestation (Table 1). In addition, the prog-
nosis of these patients was unfavorable. In
9/16 cases, the clinical course was shorter
than 1 year, and seven patients survived no
more than 6 months. For tumor-to-tumor
metastasis, the most malignant componentde-
termines prognosis, so the clinical course is
usually shorter than for those with typical
meningioma.

Conclusion
Here, we reported a rare case of lung adenocar-

cinoma metastasizing to intracranial benign
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meningioma as a first clinical manifestation.
Surgeons should be aware of this rare meta-
static phenomenon, as the prognosis and ther-
apy are different from those of the typical
meningioma.

Acknowledgements

This work was supported by the National
Natural Science Foundation of China (grant No.
81302312 to Yang Liu and no. 81672302 to Di
Zhang), Natural Science Foundation of Liaoning
Province (grant No. 20170540989 to Yang Liu),
The scientific research project of the Liaoning
Provincial Education Department (grant No.
LK201638 to Di Zhang) and Regional Science
and Technology Development Foundation of
Tacheng (grant No. 2017485 to Qie-Re Guli).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yang Liu, Depart-
ment of Pathology, The First Affiliated Hospital and
College of Basic Medical Sciences, China Medical
University, Shenyang 110001, China. Tel: +86
18900910317; Fax: +86 24 23261638; E-mail: liuy-
anglyon@cmu.edu.cn

References
[1] Fried BM. Metastatic inoculation of a meningi-

oma by cancer cells from a bronchiogenic car-
cinoma. Am J Pathol 1930; 6: 47-52.1.

Int J Clin Exp Pathol 2018;11(5):2852-2858


mailto:liuyanglyon@cmu.edu.cn
mailto:liuyanglyon@cmu.edu.cn

(2]

(4]

(5]

(8]

)

(11]

(12]

Lung adenocarcinoma metastasizing to intracranial meningioma

Talukdar A, Khanra D, Mukhopadhay S and
Bose D. Tumor to tumor metastasis: adenocar-
cinoma of lung metastatic to meningioma. J
Postgrad Med 2014; 60: 403-405.

Petraki C, Vaslamatzis M, Argyrakos T, Petraki
K, Strataki M, Alexopoulos C and Sotsiou F. Tu-
mor to tumor metastasis: report of two cases
and review of the literature. Int J Surg Pathol
2003; 11: 127-135.

Aggarwal N, Amin RM, Chung D and Parwani
AV. Tumor-to-tumor metastasis: case report of
a pulmonary adenocarcinoma metastatic to a
clear cell renal cell carcinoma. Pathol Res
Pract 2012; 208: 50-52.

Moody P, Murtagh K, Piduru S, Brem S, Mur-
tagh R and Rojiani AM. Tumor-to-tumor metas-
tasis: pathology and neuroimaging consider-
ations. Int J Clin Exp Pathol 2012; 5: 367-373.
Matsukuma S, Kono T, Takeo H, Hamakawa Y
and Sato K. Tumor-to-tumor metastasis from
lung cancer: a clinicopathological postmortem
study. Virchows Arch 2013; 463: 525-534.
Acosta AM and Pins MR. Papillary thyroid carci-
noma with extensive squamous dedifferentia-
tion metastatic to the lung: BRAF mutational
analysis as a useful tool to rule out tumor to
tumor metastasis. Virchows Arch 2016; 468:
239-242.

Mori K, Kitazawa R, Kondo T and Kitazawa S.
Lung adenocarcinoma with micropapillary
component presenting with metastatic scro-
tum tumor and cancer-to-cancer metastasis: a
case report. Cases J 2008; 1: 162.

Sawada T, Takahashi H, Hasatani K, Yoshida |,
Oyama O, Inoue R, Miwa K, Kawashiri MA, Mi-
sawa K, Kyoi M and Miyamoto S. Tumor-to-tu-
mor metastasis: report of an autopsy case of
lung adenocarcinoma metastasizing to renal
cell carcinoma. Intern Med 2009; 48: 1525-
1529.

Hashimoto K, Yamamoto H, Nakano T, Oyama
M, Shiratsuchi H, Nakashima T, Tamiya S, Ko-
mune S and Oda Y. Tumor-to-tumor metasta-
sis: lung adenocarcinoma metastasizing to a
follicular variant of papillary thyroid carcinoma.
Pathol Int 2011; 61: 435-441.

Ricketts R, Tamboli P, Czerniak B and Guo CC.
Tumor-to-tumor metastasis: report of 2 cases
of metastatic carcinoma to angiomyolipoma of
the kidney. Arch Pathol Lab Med 2008; 132:
1016-1020.

Martin JT, Alkhoury F, Helton S, Fiedler P,
Sakharova O and Yood S. Metastatic adenocar-
cinoma within a functioning adrenal adenoma:
a case report. Cases J 2009; 2: 7965.

Arnold AC, Hepler RS, Badr MA, Lufkin RB, An-
zai Y, Konrad PN and Vinters HV. Metastasis of
adenocarcinoma of the lung to optic nerve
sheath meningioma. Arch Ophthalmol 1995;
113: 346-351.

2858

(14]

[17]

[20]

[21]

[22]

(23]

(24]

(25]

[26]

(27]

Bhargava P, McGrail KM, Manz HJ and Baidas
S. Lung carcinoma presenting as metastasis to
intracranial meningioma: case report and re-
view of the literature. Am J Clin Oncol 1999;
22:199-202.

Chatani M, Nakagawa |, Yamada S, Sugimoto
T, Hironaka Y, Nakamura M and Nakase H. In-
tracranial meningioma as initial clinical mani-
festation of occult lung carcinoma: case re-
port. Neurol Med Chir (Tokyo) 2014; 54:
670-672.

Conzen M, Sollmann H and Schnabel R. Me-
tastasis of lung carcinoma to intracranial me-
ningioma: case report and review of literature.
Neurochirurgia (Stuttg) 1986; 29: 206-209.
Gardiman M, Altavilla G, Marchioro L, Alessio L,
Parenti A and Piazza M. Metastasis to intracra-
nial meningioma as first clinical manifestation
of occult primary lung carcinoma. Tumori
1996; 82: 256-258.

Hope DT and Symon L. Metastasis of carcino-
ma to meningioma. Acta Neurochir (Wien)
1978; 40: 307-313.

Nadeem M, Assad S, Nasir H, Mansoor S, Khan
I, Manzoor H, Kiani I, Raja A and Sulehria T.
Intrameningioma metastasis: clinical manifes-
tation of occult primary lung carcinoma. Cure-
us 2016; 8: e704.

Pamphlett R. Carcinoma metastasis to menin-
gioma. J Neurol Neurosurg Psychiatry 1984;
47: 561-563.

Ravnik J, Ravnik M, Bunc G, Glumbic |, Tobi-
Veres E and Velnar T. Metastasis of an occult
pulmonary carcinoma into meningioma: a
case report. World J Surg Oncol 2015; 13:
292.

Weems TD and Garcia JH. Intracranial menin-
gioma containing metastatic foci. South Med J
1977; 70: 503-505.

Wolintz AH and Mastri A. Metastasis of carci-
noma of lung to sphenoid ridge meningioma. N
Y State J Med 1970; 70: 2592-2598.

Cserni G, Bori R, Huszka E and Kiss AC. Metas-
tasis of pulmonary adenocarcinoma in right
sylvian secretory meningioma. Br J Neurosurg
2002; 16: 66-68.

Takei H and Powell SZ. Tumor-to-tumor metas-
tasis to the central nervous system. Neuropa-
thology 2009; 29: 303-308.

Sollini M, Zanichelli M, Roncali M, Atti G, Erba
PA and Versari A. Combined imaging approach
to diagnose a meningioma in a patient with
prostate and lung cancers. Rev Esp Med Nucl
Imagen Mol 2015; 34: 66-67.

Takayama Y, Nobusawa S, Ochiai |, Watanabe
H, Ishigame H, lkota H, Hirato J, Nakayama J
and Yokoo H. Malignant meningioma with ade-
nocarcinoma-like metaplasia: demonstration
of intestinal phenotype. Neuropathology 2015;
35: 158-164.

Int J Clin Exp Pathol 2018;11(5):2852-2858



