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Abstract

Background: Meningioma is the most common type of benign primary brain tumor that is rarely associated with
distant metastasis. No established treatment strategy for metastatic meningiomas exists to date. Herein, we report a
case of solitary pulmonary metastasis of meningioma detected 2 years after neurosurgical resection of the primary
tumor.

Case presentation: A 75-year-old male patient underwent neurosurgical resection of a convexity meningioma
(World Health Organization grade Il atypical meningioma), followed by postoperative radiotherapy for the residual
tumor. Two postoperative years later, a solitary 10-mm pulmonary nodule in the left lower lung lobe was detected
on chest computed tomography. The patient underwent video-assisted thoracoscopic left lower lobectomy for
suspected pulmonary metastasis of meningioma. The pathological diagnosis was solitary pulmonary metastasis of
meningioma. No sign of further recurrence was noted at 8 months postoperatively.

Conclusions: We present a rare and unique surgical case of solitary pulmonary metastasis of meningioma. Further

investigation is necessary to establish the standardized treatment strategy for metastatic meningiomas.
Keywords: Atypical meningioma, Metastatic meningioma, Pulmonary metastasis, Surgical resection

Background

Meningioma is the most common type of primary brain
tumor, accounting for approximately 30% of all primary
brain tumors [1]. Although meningiomas are usually
associated with a benign clinical course, they can some-
times show malignant behavior, such as distant metasta-
sis. Although only a few cases of pulmonary metastasis
of meningioma have been reported to date, the lungs
have been described as the most frequent site of menin-
gioma metastasis [2]. We herein report a unique and rare
surgical case of metastatic meningioma presenting with
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solitary pulmonary metastasis 2 years after neurosurgical
resection of the primary tumor.

Case presentation

A 75-year-old male patient with a 0.5 pack-year smok-
ing history was referred our department for further
investigation of a solitary nodule in the left lower lung
lobe (Fig. la). The patient underwent craniotomy for
neurosurgical resection of the left convexity meningi-
oma 2 years before the referral (Fig. 1b, c). The surgery
resulted in incomplete resection with a residual tumor
around the superior sagittal sinus. Thus, the patient sub-
sequently underwent postoperative radiotherapy for the
residual tumor. The pathological diagnosis was World
Health Organization (WHO) grade II atypical meningi-
oma [3]. The lesion showed an MIB-1 labeling index of

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0001-5248-5343
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40792-022-01379-9&domain=pdf

Utsumi et al. Surgical Case Reports (2022) 8:26

Page 2 of 6

Fig. 1 Medical imaging findings. a Computed tomography of the chest showing a 10-mm solitary pulmonary nodule in the left lower lobe of the
lung (yellow arrow). b Two years before the referral, magnetic resonance imaging revealing a 65-mm tumor in the left parietal region (yellow arrow,
axial section) and ¢ skull infiltration of the tumor (white arrow, coronal section)

10% (Fig. 2a—c). Of note, chest computed tomography
scan was not performed prior to or at the time of neuro-
surgical resection of the primary meningioma.

Chest computed tomography at our department
revealed a solitary 10-mm nodule in the left lower lobe
of the lung. Neither intracranial recurrence nor distant
metastasis other than the left lung was detected. The
patient’s clinical history led us to suspect solitary pul-
monary metastasis of meningioma, considering stage I

primary lung cancer as a potential differential diagnosis.
The patient finally underwent video-assisted thoraco-
scopic left lower lobectomy. Pathological investigation
revealed short spindle-shaped tumor cells with clear
margins that exhibited complex proliferation (Fig. 3a, b).
According to the WHO classification of tumors, pulmo-
nary metastasis of meningioma is histologically identical
to primary pulmonary meningioma, which by definition
does not involve lesions in the central nervous system

x

Fig. 2 Pathological findings of the primary intracranial meningioma. a Short spindle-shaped tumor cells with acidophilic cytoplasm were densely
proliferated, and the area of necrotic tumor cells were also confirmed (hematoxylin—eosin staining, original magnification 200x). b Tumor cells were
observed to infiltrate the bone tissue (hematoxylin—eosin staining, original magnification 200x). ¢ Ki-67 staining with MIB-1 antibody stained 10%
of tumor cells immunostaining with anti-MIB-1 protein polyclonal antibody, original magnification 100x)
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(hematoxylin—eosin staining, original magnification 20x). b Short spindle-shaped tumor cells with a slightly acidophilic cytoplasm and exhibiting
complex proliferation were detected (hematoxylin-eosin staining, original magnification 400x)

[4]. As the patient in the current case had a neurosurgical
history of left convexity meningioma, the risk of primary
pulmonary meningioma was ruled out. Thus, the final
pathological diagnosis was solitary pulmonary metas-
tasis of meningioma. The patient was discharged from
the hospital on the 11th postoperative day without any
complication. No sign of further recurrence was noted at
8 months postoperatively.

Discussion

Meningioma accounts for approximately 30% of all pri-
mary brain tumors [1], frequently affecting female
patients aged between 20 and 60 years. The supraten-
torial region is the most common site of meningioma
involvement, followed by the infratentorial region
and the spinal cord [5]. According to the WHO histo-
logical classification of meningiomas, grade I indicates
low-grade meningioma; grade II, intermediate grade
meningioma; and grade III, high-grade meningioma [3].
Most cases (90.0%—94.3%) are classified as grade I, 4.7%—
7.2% as grade II, and 1.0%—2.8% as grade III [6].

In addition to the WHO histological grade, the MIB-1
labeling index [7] has recently been reported to be asso-
ciated with local recurrence and prognosis. In general,
the cell-division potential is considered high when the
MIB-1 labeling index is>5%, and the risk of meningi-
oma-related mortality increases when the MIB-1 labeling
index of the primary lesion was>19.2% [8].

The first choice of treatment for primary intracranial
meningioma is neurosurgical resection. Radiotherapy
is usually considered for patients with incompletely
resected tumor, those with local recurrence, and inoper-
able patients [5]. Distant metastasis is rare and found in
only 0.15%-0.76% of patients with primary intracranial
meningioma [8]. The lung is the most common site of

meningioma metastasis, followed by the bones and liver
[2]. Pulmonary metastasis of meningioma accounts for
60% of the cases of metastatic meningiomas [9, 10], pre-
senting more frequently as multiple pulmonary metasta-
ses than solitary pulmonary metastasis [2].

Metastasis of meningioma could be explained by hema-
togenous metastasis in most cases, but some could be
explained by seeding in the central nervous system via
the cerebrospinal fluid [11, 12]. Histologically, pulmonary
metastasis of cranial meningioma is identical to primary
pulmonary meningioma, a rare extracranial meningioma
[4], with only 53 cases reported to date [13, 14]. Thus, the
detection of meningioma in the central nervous system
is a key for obtaining differential diagnosis. Risk factors
for distant metastasis of meningioma include history of
open cranial neurosurgery (i.e., inflow of tumor cells into
the bloodstream or cerebrospinal fluid during the surgi-
cal procedure), venous sinus infiltration, local recurrence,
and histological malignancy [8]. Our patient had multi-
ple risk factors for distant metastasis of meningioma: a
history of open cranial neurosurgery, superior sagittal
sinus infiltration, and histology of WHO grade II atypical
meningioma.

Consequently, no standardized treatment strategy
for pulmonary metastasis of meningioma has been
established. Specifically, the treatment efficacy of sur-
gical resection of pulmonary metastasis of meningi-
oma remains unclear. To the best of our knowledge,
70 cases of pulmonary metastasis of meningioma have
been reported to date in the English and Japanese lit-
erature [5, 6, 9, 10, 15, 16]. Among these, 30 cases have
been reported with information about the outcomes of
surgical resection for lung metastasis of cranial menin-
gioma (Table 1) [5, 6, 15, 17-38]. A brief summary of
clinical characteristics is as follows: the median age of
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Table 1 Outcomes of 30 patients undergoing surgical resection for lung metastasis of cranial meningioma
Author, year Age?, sex WHQ gr.adin% of Interval® No. of Iun'!g Outcome®
meningioma metastasis
Miller, 1985 [17] 61, M | N/A 1 22 months, alive
Le May, 1989 [18] 56, F | 24 months Multiple® 36 months, died
Kodama, 1991 [19] 61, F | 228 months 4 44 months, alive
Kodama, 1992 [20] 30,M | 144 months 1 3 months, alive
Adlakha, 1999 [15] 17,F Ml 48 months 1 15 months, died
70, F | N/A 2 48 months, died
30,M Il 72 months Multiple® 84 months, alive
Pramesh, 2003 [21] 29, F | 96 months 2 24 months, alive
Knoop, 2004 [22] 53, M I N/A 1 24 months, alive
D'Aiuto, 2005 [23] 71, M | 156 months Multiple® 24 months, alive
Asioli, 2007 [24] 58, F | 144 months Multiple® 18 months, alive
Gladin, 2007 [25] 58, M | 156 months Multiple® 36 months, alive
47, M | 132 months 3 4 months, alive
Fulkerson, 2008 [26] 54,M | N/A 1 12 months, alive
Ishibashi, 2008 [27] 68, M N/A 312 months 3 6 months, alive
Psaras, 2009 [28] 49,F | 180 months Multiple® 12 months, alive
Estanislau, 2009 [29] 75, M Il 24 months 1 30 months, died
Sazawa, 2009 [5] 66, F | N/A 1 14 months, died
Etienne-Mastroianni, 2010 [30] 58, M Il N/A 4 20 months, died
Cheng, 2011 [31] 46, M | N/A 2 5 months, alive
Kanzaki, 2011 [32] 67, M Il 180 months 2 18 months, alive
Nakayama, 2014 [33] 25,F | N/A 4 294 months, alive
Sakamoto, 2014 [34] 15,F Il 60 months 3 6 months, alive
Tao, 2014 [35] 51, F 1] 12 months 1 1 month, died
Chiarelli, 2015 [36] 68, M | N/A 1 36 months, alive
Frydrychowicz, 2015 [37] 72,F Il 60 months 1 72 months, alive
Sathirareuangchai, 2019 [16] 59,F | N/A 2 5 months, alive
Kimura, 2020 [6] 54, M Il 96 months 2 37 months, died
Mardani, 2021 [38] 37,F I 0 month' 2 2 months, alive
Present case, 2021 75 M Il 24 months 1 8 months, alive

2 Age at the time of the first pulmonary metastasectomy. °The highest grade was presented if the original description included multiple grades. ‘Interval between the
detection of the primary tumor to the that of the first described pulmonary metastasis. “Outcome of the initial pulmonary metastasectomy. The term “multiple” was
used only if the original case report described the number of pulmonary metastases as “multiple” instead of specifying the exact number. ‘The timing of detection of

the primary meningioma and its pulmonary metastasis was simultaneous

the patients was 57 (range: 15-75) years, and women
accounted for 46.7% (14 of 30 cases) of all patients.
Moreover, WHO grade I, II, and III diseases accounted
for 62.1% (18 of 29), 20.7% (6 of 29), and 17.2% (5 of
29), respectively, of all cases. All pulmonary lesions
were resected during the first metastasectomy in 25
patients and the first and the second metastasecto-
mies in 5 patients. The median survival time after the
first pulmonary metastasectomy was 19 (range: 1-294)
months. The 1-, 2-, and 5-year overall survival rates
based on the integration of the reported 30 cases were
96.7%, 80.7%, and 40.4%, respectively (Fig. 4A). Further,
WHO grade III meningioma was more likely to be asso-
ciated with worse overall survival than WHO grade I

meningioma (P=0.082, Fig. 4B). Nevertheless, with
consideration of publication and selection bias, small
sample size, and heterogeneity of clinical and patholog-
ical background of the cases, which patients can benefit
from pulmonary metastasectomy for lung metastasis of
cranial meningioma remains unclear. Notably, a mor-
tality case of metastatic meningioma, whose multiple
pulmonary metastases and malignant pleural effusion
seemed to be associated with respiratory failure, has
been reported [39]. This indicates that prevention of
multiple pulmonary metastasis would be beneficial for
selected patients with metastatic meningioma. In the
presented case, we decided to perform lung resection
for the following reasons: (1) histological diagnosis
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to exclude the possibility of primary lung cancer; (2)
possible benefit of disease control of metastatic men-
ingioma by surgical removal of pulmonary metastasis,
and (3) patient’s tolerability of lung resection. Further
studies should address the question of whether surgical
resection of pulmonary metastasis of meningioma can
help improve patient prognosis.

Conclusions

We report a rare and unique surgical case of solitary
pulmonary metastasis of meningioma. Further investi-
gation is necessary to establish the standardized treat-
ment strategy for metastatic meningioma.

Abbreviation
WHO: World Health Organization.
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