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Case Report

Alteration of FOXM1 expression and macrophage polarization in 
refractory meningiomas during long-term follow-up 
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Abstract: Malignant progression of grade I meningioma with a long latency period is rare. We experienced 
grade II/III meningiomas with refractoriness and recurrence from grade I meningiomas through multiple 
surgeries. Three patients with atypical/anaplastic meningioma experienced long-latent recurrence 
after initial surgery for grade I (meningothelial) meningioma without following adjuvant radiotherapy 
were included in the present study. Histological findings of the initial tumors in all cases (case 1, 2, and 
3) revealed meningothelial meningioma with 1%, 5%, and 0.1% MIB-1 positive cells, respectively. 
Surprisingly, magnetic resonance imaging (MRI) detected a recurrent tumor 2, 12, and 12 years after the 
initial operation, respectively. Case 1 was atypical meningioma after third recurrence, and case 2 and 3 
were anaplastic meningioma after second and third recurrence, respectively. The patient in case 2 received 
adjuvant radiotherapy. In case 2, the tumor recurred intracranial and distant metastasis to the lung with 
huge substantial pleural effusion was detected. To investigate the pathogenesis of malignant progression 
from benign to malignant meningioma, CD163/CD68 expression by immunohistochemically and FOXM1 
mRNA expression by RT-PCR were compared using surgical specimens from initial and recurrent tumors 
in all three patients. The ratio of CD163/CD68 positivity and FOXM1 mRNA expression were increased 
in recurrent tumors compared with matched initial tumors. CD163 and FOXM1 expression levels were 
induced even in recurrent grade I meningioma, suggesting that macrophage polarization and pro-mitotic 
transcriptional factor might be associated with clinical behavior of meningioma and be useful as a prediction 
marker for malignant progression. Careful long-term follow-up is important for early diagnosis of malignant 
progression in meningiomas, even if grade I meningioma is completely resected. Development of a 
multidisciplinary approach including radiation and novel molecular targeted therapy is expected for recurrent 
and malignant meningiomas.
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Introduction 

Surgical resection and radiation are the major therapeutic 
modalities for meningioma. However, meningiomas 
frequently recur regardless of macroscopically complete 
removal of the tumor at a rate of approximately 19% within 
10 years (1). Meningioma with increased mitotic activity, 
hypercellularity, macronuclei, and necrosis is defined as 
atypical or anaplastic meningioma. Anaplastic meningioma 
is a rare type of malignant meningioma, accounting for 
less than 5% of all meningiomas (2). Once benign grade I 
meningioma was progressed malignantly, aggressive salvage 
surgery followed by intensive radiotherapy including 
gamma knife and cyberknife are treatment strategies. 
There are currently no effective adjuvant chemotherapies, 
including cytotoxic chemotherapy and anti-vascular 
endothelial growth factor (VEGF) therapy such as 
bevacizumab, for recurrent malignant meningiomas after 
surgery and radiation therapy (3,4). Patients cannot help 
undergo multiple craniotomies for recurrent meningiomas, 
and unfortunately the patient’s quality of life tends to 
decline following multiple operations.

Even benign grade I meningioma sometimes shows 
recurrence and malignant progression, however, a latency 
period of more than 10 years followed by malignant 
progression from grade I to grade III is very rare, and 
extremely difficult to predict in advance. To understand 
the pathogenesis of refractory meningiomas, the genomic 
mutations associated with progression of meningioma 
are demonstrated. Inactivation of NF2 is the most 
frequently detected. Recent studies also have found 
mutations in several other genes as oncogenic drivers 
such as AKT, SMO, TRAF7, CDKN2, TERT, and 
POLR2A in atypical and anaplastic meningiomas (5-8). In 
meningiomas in malignant progression with de novo and 
secondary progression, telomerase reverse transcriptase 
(TERT) promoter mutations were identified in recurrent 
meningioma in malignant progression arise from both 
benign and malignant tumors (9,10).

Little is known about biomarkers to predict recurrence 
for long-term latency. In addition, it is hard to analyze the 
paired samples, which means primary and recurrent tumor 
samples, because of the rarity.

Forkhead box M1 (FOXM1), a pro-mitotic transcription 
factor, was identified from meningioma samples by 
RNA sequencing,  whole-exome sequencing,  and 
immunohistochemistry (11). FOXM1 is highly expressed in 
tumors, particularly invasive tumors (12). FOXM1 regulates 

angiogenesis via expression of vascular endothelial growth 
factor, invasion via matrix metalloproteinase, survival, cell 
cycle, tumor cell migration, and DNA damage responses 
in many tumor cell types (13), Although FOXM1 has been 
associated with worse clinical outcomes as a marker for 
aggressive meningioma, the clinical significance of FOXM1 
in grade I meningioma progression, and alteration of 
FOXM1 during malignant progression in same patients has 
not been clearly demonstrated. 

Moreover, a greater comprehension of immunological 
regulation of the tumor microenvironment might aid in the 
development of therapeutic modalities for meningiomas. 
Immunological constituents including tumor-infiltrating 
lymphocytes, natural killer cells, dendritic cells, and 
macrophages are critical to the tumor microenvironment. 
Recent studies demonstrated that presence of these cells 
in tumor specimens determined by immunohistochemistry 
affected their potential impact on clinical prognosis (14).  
Macrophages have a dual role in tumor immunity 
and express different functional programs in response 
to microenvironment s ignals ,  def ined as  M1-M2  
polarization (15). To assess the M2-polarized tumor-
associated macrophages (TAM) as prognostic value, CD163 
is used as a marker of TAM and an indicator of a worse 
prognosis in various cancers (16-21). However, the role of 
M1-M2 polarization in prognosis of refractory and high-
grade meningiomas has not been elucidated. 

Here, we report three cases of recurrent meningioma with 
malignant progression during treatment comprising multiple 
craniotomies over a long-term duration. To explore reliable 
predictive biomarker for malignant progression of benign 
meningioma via long-term follow-up, M1-M2 macrophage 
polarization and FOXM1 expression were compared by using 
paired samples of initial and recurrent tumors from the same 
patients. We present the following article in accordance with 
the AME Case Series reporting checklist (available at http://
dx.doi.org/10.21037/tcr-20-1896).

Materials & methods 

Ethics
 

The present study was approved by the institutional review 
board of our institute [permission number; 15-105 and 30-
137(9158)]. All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee(s) and with the Helsinki Declaration (as revised 
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in 2013). Written informed consent was obtained from the 
all patients.

Study design and setting

This study was a single-center case series and retrospective 
analysis of 3 non-consecutive patients with benign 
meningioma who were performed multiple craniotomies at 
an academic hospital in Japan between 2005 and 2020.

Immunohistochemical analyses

Immunohistochemical analyses were performed on 4-µm 
sections of formalin-fixed, paraffin-embedded (FFPE) 
tissue from 12 tumors. Sections were stained with anti-
CD68 antibody (1:400, #76437, CST), anti-CD163 
antibody (1:500, #93498, CST), and anti-FOXM1 
antibody (1:250, ab207298, abcam). Antigen retrieval was 
implemented in pH 6.0 citrated buffer using an autoclave. 
Immunohistochemical staining was assessed by two authors 
(JT, TT) with blinded clinical information and the results of 
the consensus were reported.

Immunohistochemical findings were assessed as 
previously described (22). For CD68, CD163 and FOXM1 
evaluation, stained sections were screened at a low-power 
field (40×) and 5 hot spots were selected. Then, the number 
of positive cells in these areas was enumerated at a high-
power field (HPF: 400×, 0.47 mm2) using Fiji (23). 

Quantitative real-time reverse transcription polymerase 
chain reaction (RT-PCR) analysis 

For messenger RNA (mRNA) expression analysis, total 
RNA was isolated using Allprep DNA/RNA FFPE Kit 
(QIAGEN, Hilden, Germany) from FFPE sections 
and reverse transcribed using PrimeScript RT Master 
Mix (Takara Bio Inc., Shiga, Japan), according to the 
manufacturer’s protocol. Real-time amplification was 
achieved using the QuantStudio 5 Real-Time PCR System 
(Applied Biosystems, Weisterstadt, Germany). mRNA 
expression was then analyzed by TaqMan Gene Expression 
Assays (ACTB, Hs01060665_g1 as an internal control; 
FOXM1, Hs01073586_m1 as a primer of a target gene) 
(Applied Biosystems, Weiterstadt, Germany). PCR was 
perfumed as follows: denaturation for 10 min at 95 °C, 
followed by 40 cycles at 95 °C for 15 sec and 60°C for 1 min.  
FOXM1 mRNA expression was measured by the ΔΔCT 
method.

Case presentation 

Case 1 (KS01)

A 65-year-old woman presented with headache and motor 
apraxia. MRI showed an extra-axial tumor in the left 
parietal convexity showing hyperintense signals on T1- 
and T2-weighted images with homogenous gadolinium 
enhancement with slight edema (Figure 1A,B). The tumor 
tissue was elastic and hard with vasculature and en plaque 
dural attachment. The tumor was totally removed, and 
histological diagnosis was meningothelial meningioma 
(MIB-1 index: 1%) (Figure 1C). The postoperative course 
was uneventful. 

However, the patient suffered from abnormal behavior 
and epilepsy two years after the initial operation. MRI 
demonstrated a local recurrent tumor appearing as 
hyperintense signals on T1- and T2-weighted images with 
heterogeneous gadolinium enhancement (data not shown). 
The patient underwent a second craniotomy. The mass was 
attached tightly to the falx and the lateral wall of the superior 
sagittal sinus (SSS). A hypervascular tumor, which was 
identified just beneath the dura with fragile tumor vessels, 
was removed by en bloc resection, and the residual tumor 
attached to the SSS was removed by piecemeal resection. 
The dura was closed using Gore-Tex mesh (W.L. Gore & 
Associates, Inc., Newark, DE, USA). Histological diagnosis  
was meningothelial meningioma (MIB-1 index: 5%).

One year after the operation, the patient suffered from 
expressive aphasia and paresthesia of the right lower 
extremity. MRI demonstrated local recurrence of the tumor, 
which invaded the skull and anterior and posterior dura. 
The third operation was subsequently carried out, and the 
gross appearance of this tumor tissue differed from tumor 
tissue obtained from the previous surgery. The tumor was 
totally removed except for cancerous tissue attached to 
the SSS. The dura and the skull involving the tumor were 
also removed by cranioplasty and duraplasty. Histological 
findings of the tumor revealed malignant change from 
meningothelial to atypical meningioma without adjuvant 
radiotherapy (MIB-1 index: 10%) (Table 1).

Nine months after the operation, the residual tumor 
recurred, and the fourth operation was carried out. The 
tumor invaded into the contralateral side via the falx. 
Histological diagnosis was atypical meningioma (MIB-1 
index: 10%) (Table 1). Six months after the fourth operation, 
the patient suffered from right hemiparesis and total 
aphasia. MRI revealed that the tumor aggressively recurred 
not only into the left parietal convexity with invasion to 
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the SSS but also extending to the right convexity via the 
falx and the tentorial edge and the transverse sinus on the 
left side (Figure 1D,E). To remove the mass effect, the 
tumor in the convexity and the falx was removed in the 
fifth operation. However, the tumor extending along the 
tentorial edge was not removed. Histological diagnosis 
was atypical meningioma (MIB-1 index: 10%) (Figure 1F, 
Table 1). Two years after operation, she passed away due to 
liver metastases from uterus cancer. The autopsy was not 
obtained.

Case 2 (KS02)

A 61-year-old woman presented with motor aphasia and 
mild hemiparesis on the right side. MRI showed an en 
plaque lesion that appeared hyper- and hypointense on T1- 

and T2-weighted images with heterogeneous gadolinium 
enhancement (Figure 2A,B). The tumor including the dura 
adjacent to the tumor was totally removed, and duraplasty 
with Gore-Tex was carried out. Histological diagnosis was 
meningothelial meningioma (MIB-1 index: 5%) (Figure 2C).  
The postoperative course was uneventful. Follow-up MRI 
for 6 years after surgery detected no recurrence. The 
patient then discontinued follow-up for 6 years. However, 
she suffered from gait disturbance, loss of activity, and 
paresthesia of the right extremities 12 years after the 
initial operation. MRI demonstrated a de novo tumor with 
two components appearing hyper- and isointense on T1- 
and T2-weighted images with heterogeneous gadolinium 
enhancement (Figure 2D,E).

The patient subsequently underwent left frontal 
craniotomy. The mass was located extra-axially and 

Figure 1 Preoperative magnetic resonance imaging (MRI) and histological findings of KS01 (case 1). Preoperative gadolinium-enhanced 
MRI (A) and T2-weighted MRI (B) at the initial stage (KS01A) showing a homogenous enhanced tumor in the right parietal lobe. 
Preoperative gadolinium-enhanced MRI (C) and T2-weighted MRI (D) at the third recurrence (KS01C) showing an en plaque tumor in 
the right parietal and occipital lobe with skull invasion. Histological findings of the initial tumor (KS01A) (E). Tumor cells were arranged 
in a sheet with high cellularity and mitotic cells along with focal necrosis and diagnosed as meningothelial meningioma (WHO grade I) 
(hematoxylin & eosin staining: 200×, scale bar =200 µm). (F) Histological imaging at the third recurrence revealing high cellularity with 
mitotic cells (atypical meningioma; WHO grade II) (hematoxylin & eosin staining: 200×, scale bar =200 µm). 
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consisted of two components, which corresponded to 
the MRI findings. A soft and red-brownish tumor was 
initially identified just beneath the dura and showed easy 
bleeding on incision. Following removal of this surface 
tumor, a yellowish and elastic component of the tumor 
was identified just behind the red-brownish tumor. The 
boundaries between the tumor and the normal cortex 
were obscure. Biopsied specimens were taken from three 
regions: the red-brownish component of the tumor 
demonstrated homogenous nuclei of cells with sheet-like 
arranged and high cellularity containing circumscribed 
collagen fibers (Figure 2F). The yellowish tumor composed 
marked circumscribed collagen fibers with bone metaplasia  
(Figure 2G,H). Histological diagnosis was anaplastic 
meningioma with osseous metaplasia. After the second 
surgery, the patient received postoperative adjuvant 
radiotherapy (60 Gy/30 fr). 

However, nine months after radiation, the tumor 
recurred at the bottom of the resection cavity in the left 
frontal lobe. She subsequently underwent a third surgery. 
The margin of the yellowish, elastic, and hard tumor 
attached to the thickened dura was easily identified from 
the normal cortex, and the tumor was totally removed by 
frontal lobectomy.

Six months after the third surgery, the patient suffered 
from dyspnea. Chest CT revealed substantial pleural 
effusion in the right lung because the meningioma had 
metastasized to the lung (Figure 2I,J). Two months after 
chest CT, the patient passed away. Consent for autopsy was 
obtained from the patient’s family.

Autopsy findings

A recurrent tumor was observed in the left frontal lobe 
(Figure 3A), and the space created in the frontal skull base 
after left frontal lobectomy was completely filled with 
the recurrent tumor, which contained ossified tissue. The 
tumor disseminated into the brain stem and multiple lesions 
were observed on the pia of the spine and cauda equina  
(Figure 3B). The tumor had also metastasized to both sides 
of the lung, which consisted of multiple white nodules 
(Figure 3C) and was associated with bloody pleural effusion.

Case 3 (KS03)

A 58-year-old man presented with headache. Magnetic 
resonance imaging (MRI) showed a lesion along the right 
sylvian fissure appearing hyper- and hypointense on T1- T
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Figure 2 Preoperative magnetic resonance imaging (MRI), computed tomography (CT), and histological findings of KS02 (case 2). Preoperative 
gadolinium-enhanced MRI (A) and T2-weighted MRI (B) at the initial stage (KS02A) showing an enhanced en plaque tumor with perifocal edema 
in the left frontal lobe. Histological findings of the initial tumor (KS02A) (C). Tumor cells were arranged in a sheet with an onion-like structure 
and diagnosed as meningothelial meningioma (WHO grade I (hematoxylin & eosin staining: 200×, scale bar =200 µm). Gadolinium-enhanced MRI (D) 
and T2-weighted MRI (E) 12 years after total resection (KS02B) showing a large heterogeneously enhanced tumor associated with expanding perifocal 
edema in the left frontal lobe compressing the corpus callosum. Histological imaging at the third recurrence (KS02C) revealing high cellularity 
with mitosis and focal necrosis (anaplastic meningioma; WHO grade III) (hematoxylin & eosin staining: 200×, scale bar =200 µm). (F) containing 
osteoplastic metaplasia (hematoxylin & eosin staining: 200×, scale bar =200 µm) (G, H). Chest CT demonstrating multiple metastatic tumors to the right 
lung (I), consisting of substantial pleural effusion (J).
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and T2-weighted images with homogeneous gadolinium 
enhancement (data not shown). The tumor was totally 
removed, and histological diagnosis was meningothelial 
meningioma (MIB-1 index:  0 .1%) (Table  1 ) .  The 
postoperative course was uneventful. However, a recurrent 
tumor was incidentally discovered nine years after the initial 
operation. MRI demonstrated a recurrent tumor in the 
right inferior frontal gyrus with homogenous gadolinium 
enhancement (Figure 4A,B). The patient underwent 
reoperation. The tumor invading into the cortex was totally 
removed with duraplasty using the fascia. Histological 
diagnosis was meningothelial meningioma (MIB-1 index: 
7%) (Figure 4C, Table 1). 

Three years after the second operation, the patient 
suffered from severe headache and deep coma. MRI 
demonstrated a huge mass in the right temporal convexity 
with uncal herniation (Figure 4D,E). The patient underwent 
emergent reoperation. After removal of the bone flap and 
dural incision, the tumor accordance with huge hematoma 
was revealed. The tumor containing the hematoma was 
completely removed with duraplasty using the fascia. 

Histological diagnosis was rhabdoid meningioma (grade III;  
MIB-1 index: 20%) (Figure 4F, Table 1). Postoperatively, 
the patient’s consciousness was recovered without any 
neurological deficits. 

However, he suffered from left hemianopsia and dressing 
apraxia 16 months after the third operation. Consequently, 
hemiparesis in the left extremities deteriorated. Follow-up 
MRI demonstrated an en plaque tumor attached to the dura 
and the cystic tumor with nodule in the parietal lobe on the 
right (Figure 4G,H). The fourth operation was carried out. 
The tumor was totally removed with duraplasty using the 
fascia. Histological diagnosis was rhabdoid meningioma 
(MIB-1 index: 25%) (Table 1). Postoperatively, he received 
gamma knife one month after the operation.

Results

Immunohistochemical analyses of CD163/CD68 

Series of surgical samples from same patients who 
underwent repeated multiple craniotomies during 

Figure 3 Macroscopic findings of autopsy. Autopsy demonstrated a recurrent tumor in the left frontal lobe invading into the basal ganglia (A) 
with dissemination of multiple tumors to the cauda equina (B). Metastasized tumors to the lung with multiple whitish nodules beneath the 
pleural space were observed (C).
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Figure 4 Preoperative magnetic resonance imaging (MRI) and histological findings of KS03 (case 3). Preoperative gadolinium-enhanced 
MRI (A) and T2-weighted MRI (B) at the second recurrence (KS03B) showed a homogenous enhanced tumor in the right frontal lobe. 
Histological findings of the initial tumor (KS03A) (C). Tumor cells were arranged in a sheet with an onion-like structure and diagnosed as 
meningothelial meningioma (WHO grade I) (hematoxylin & eosin staining: 200×, scale bar =200 µm). Preoperative diffusion weighted (D) 
and T2-weighted MRI (E) at the third recurrence (KS03C) showed the low-intensity mass in the right temporal lobe. Histological findings. 
(F) Histological imaging at the fourth recurrence (KS03D) showing mitotic cells with plump eosinophic cytoplasm diagnosed as rhabdoid 
meningioma; WHO grade III (hematoxylin & eosin staining: 400×, scale bar =200 µm). Preoperative gadolinium-enhanced MRI (G) and 
T2-weighted MRI (H) at the fourth recurrence (KS03D) showed a homogenous enhanced tumor with expanding perifocal edema in the 
right parietal lobe.
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malignant progression were analyzed in the present study. 
As shown in Table 1, all the cases in the initial tumors were 
diagnosed as meningothelial meningioma, grade I. And the 
long-term latency, the tumor was recurred with malignant 
transformation. To investigate alterations in malignant 
progression of low-grade meningiomas, the difference 
of macrophage polarization and transcriptional factor 
expression in initial and recurrent tumors were compared 
by immunohistochemistry and real-time RT-PCR.

CD163-positive cells were increased in during malignant 
progression compared with initial grade I meninigiomas 
(Figure 5A). To confirm involvement of M1-M2 macrophage 
polarization during malignant progression of benign 
meningioma, the number of CD68- and CD163-positive 
cells was counted and CD163/CD68 ratios were calculated 
in initial and recurrent tumors (Figure 5B). In case 1 
(KS01), the CD163/CD68 ratio increased after recurrence 
of high-grade meningioma. In case 2 (KS02), the CD163/
CD68 ratio in grade I meningoma was as high as the tumor 
after malignant progression, and decreased after radiation 
therapy for recurrence of the malignant meningioma. In 
case 3 (KS03), the CD163/CD68 ratio increased in grade 
III tumor (Figure 5B). 

Immunohistochemical and mRNA analysis of FOXM1

Immunohistochemistry and mRNA expression of FOXM1 
were obviously increased during malignant progression 
in meningiomas compared with initial benign tumor, 
but decreased after recurrence of high-grade tumors  
(Figure 6A,B). Interestingly, FOXM1 was induced in 
recurrent grade I meningioma (KS01B, KS03B), although 
initial grade I meningioma (KS03A) had undetectable 
FOXM1 mRNA expression. FOXM1 mRNA levels were 
increased by 9, 4, and 7 times in tumor samples obtained 
at recurrence compared with initial tumor samples from 
KS01, KS02, and KS03, respectively, but clearly decreased 
following radiation therapy (Figure 6B). 

Discussion

Meningiomas are benign tumors generally treated with 
surgical excision. However, treatment for residual and 
recurrent meningiomas remains controversial, particularly 
concerning repeated surgical resection and additional 
radiotherapy. Recent clinical studies have shown a 
significant relationship between extent of tumor removal 
and recurrence-free survival and overall survival in all 

pathological grades of meningiomas (24,25). For long-term 
follow-up of more than 10 years, extent of resection should 
be emphasized when predicting prognosis and postoperative 
treatment and frequency of radiologic long-term follow-up 
after surgery should be carefully considered (26). Even with 
aggressive surgical treatment of radical resection, malignant 
progression is inevitable.

Anaplastic meningioma constitutes 1–3% of all 
meningiomas. The clinical prognosis is poor despite 
treatment with multiple surgical resections and adjuvant 
radiotherapy, with a median time to recurrence ranging 
between 9.6 and 42.1 months (27,28).  Anaplastic 
meningioma has histological features of malignancy with a 
high mitotic index, and some anaplastic meningiomas are 
difficult to identify as meningothelial neoplasm because 
they share similar features to sarcoma. In the present series, 
case 2 (KS02) exhibited bone metaplasia and infiltration 
of GFAP-positive cells (data not shown). Grade II/III 
meningiomas occasionally arise from malignant progression 
of grade I tumors, even if the initial tumor including the 
adjacent dura was completely removed. 

As a non-surgical option, it is controversial whether 
radiotherapy can extend the recurrence-free survival time 
in patients with grade I meningiomas (29,30), as well as 
high grade meningiomas (31,32). However, few reports 
have suggested that overall survival in all meningioma 
subtypes following radiotherapy may be reduced because 
of radiation-induced malignant progression and patient 
factors, such as NF2 mutation (33,34). Prediction of 
malignant progression of meningioma and its precise 
mechanism and genetic alterations remains unclear. Loss of 
NF2 and TERT mutation are associated with recurrence 
and unfavorable prognosis of meningioma. Comparison 
of different prognoses between de novo and secondary 
grade II/III meningiomas indicated that TERT promoter 
mutation in anaplastic meningiomas is associated with a 
shorter recurrence-free survival in secondary anaplastic 
meningiomas (35-37). 

Few studies compared grade I meningiomas that did and 
did not progress. Comparative analyses of genetic mutations 
in paired samples of primary and recurrent meningiomas 
were described previously (38,39). These groups found 
no enrichment for any driver mutation, and primary and 
recurrent tumors exhibited similar driver mutations.

To our  knowledge,  only  one report  compared 
grade I meningioma with and without progression by 
transcriptome analysis (40). The presence of NF2 fusions 
was not linked to prior radiation therapy as NF2 fusions 
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Figure 5 (A) Immunohistochemical staining of CD163 in series of tumors during multiple craniotomies from case 1 (KS01A) (upper panels), 
case 2 (KS02A) (middle panels), and case 3 (KS03A) (lower panels) (200×, scale bar =200 µm). CD163 immunoreactivities were increased 
during malignant progression. (B) The ratios of CD163/CD68 expression in both grade I (KS01A-B, KS02A, KS03A-B) and recurrent grade 
II/III meningiomas (KS01C-E, KS02B-C, KS03C-D) were compared.
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Figure 6 (A) Immunohistochemical staining of FOXM1 in series of tumors during multiple craniotomies from case 1 (KS01A) (upper 
panels), case 2 (KS02A) (middle panels), and case 3 (KS03A) (lower panels) (400×, scale bar =200 µm). FOXM1 immunoreactivities were 
increased during malignant progression. (B) FOXM1 mRNA expressions in both grade I (KS01A-B, KS02A, KS03A-B) and recurrent grade 
II/III meningiomas (KS01C-E, KS02B-C, KS03C-D) were compared.
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were observed in patients that were naïve to radiation. 
Conversely, GREMLIN 2, SNORA46, and SNORA48 
were highly expressed in grade I tumors compared with 
grade II/III tumors. The authors concluded that decreased 
GREMLIN 2 expression might lead to malignant behavior 
in meningioma.

Recently,  integrated gene expression profi l ing 
studies using clinical samples from patients who had 
aggressive meningiomas defined by RNA sequencing, 
immunohistochemistry, whole-exome sequencing, DNA 
methylation arrays, and targeted gene expression profiling 
suggested that FOXM1 is a key transcription factor 
associated with meningioma progression and a marker 
for poor clinical outcomes (11,12,38). The FOXM1/Wnt 
signaling axis in meningioma is associated with mitotic gene 
expression and clinical aggressiveness. In addition, FOXM1 
might be a promising and an alternative therapeutic target 
for recurrent and refractory meningioma (38,41). 

In all cases in the present series, grade I meningioma, 
which exhibited malignant progression, revealed strong 
FOXM1 expression observed in recurrent grade I 
meningioma similar to grade II and grade III meningiomas, 
suggesting that FOXM1 might be a marker to predict 
malignant progression during grade I tumor.

In addition to genetic alteration in tumor cells with a 
potential role in meningioma progression, the difference 
in the tumor immunological microenvironment might 
correlate with histological grade. Thus, we evaluated 
M1-M2 macrophage polarization among grades I–III 
meningiomas. CD163 is a monocyte/macrophage lineage 
marker, which is associated with poor prognosis, and 
crosstalk between tumor cells and inflammatory cells 
including macrophages might be involved in meningioma 
progression. Macrophage polarization from M1 to M2 
is influenced by the tumor microenvironment (15). In all 
cases in the present series, grade I meningioma that turned 
into malignant progression exhibited a high CD163/CD68 
ratio as well as malignant progression to grade II and grade 
III meningiomas, suggesting that M1-M2 macrophage 
polarization as well as activation of FOXM1 might be a 
marker for predicting malignant progression. Additionally, 
these molecules might be potential candidates for targeted 
therapies for refractory meningiomas.

There are some limitations associated with the present 
study including the small number of paired tissues from 
the same patients and comparison of grade I meningioma 
without recurrence for more than 10 years. Prognosis of 
grade I meningioma is usually favorable, and disease control 

can be well maintained for 10 years postsurgery. However, 
once the tumor recurs, then tumor growth can become 
aggressive with subpial invasion and histological findings of 
malignant change. Additional therapies including multiple 
surgeries and adjuvant radiation might be inevitable. 
Aggressive surgery can decrease daily activities of living, 
leading to lethal status, because further surgical treatment is 
contraindicated due to poor performance status. Therefore, 
extent of resection for recurrent tumors and timing of 
surgery in conjunction with radiation should be cautiously 
considered.

Careful long-term follow-up of grade I meningiomas and 
recurrent meningiomas and further investigation of target 
molecules involved in driver mutations are important to 
develop a novel therapy as multidisciplinary approach for 
aggressive and recurrent meningiomas.
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