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Background: Atypical meningiomas (AM) are WHO grade II tumors with high heterogeneity and
invasiveness, which are unique in their clinical presentation, imaging, pathology, treatment, and prognosis. In
2016, the diagnosis of AM remodified by the classification of central nervous system tumors of World Health
Organization (WHO). In order to further analyze the diagnosis and treatment characteristics of AM, the
clinical diagnosis, surgery treatment and follow-up data of 6 patients with AM in our hospital from January
2016 to December 2019 were analyzed retrospectively.

Methods: The clinical diagnosis, treatment and follow-up data of six patients with AM admitted to our
hospital between January 2016 and December 2019 were analyzed retrospectively, and related literature was
reviewed.

Results: The main clinical symptoms of the patients were increased intracranial pressure and functional
area symptoms. MRI showed obvious enhancement, an unclear boundary with adjacent brain tissue, a large
edema signal shadow in the white matter of peripheral brain tissue, and rapid enlargement in some cases.
Pathological manifestations showed local necrosis and increased nuclear division activity. The results of
immunocytochemistry showed that vimentin and epithelial membrane antigen (EMA) were positive, S-100
protein (S-100) and glial fibrillary acidic protein (GFAP) were negative, and the Ki-67 proliferation index
was increased. Simpson’s grade I-II resection was performed in five cases and no recurrence found after 4
to 46 months of follow-up. Simpson’s grade IV resection was performed in one case and no follow-up was
performed after discharge.

Conclusions: AMs are highly heterogeneous and invasive. Histologic diagnosis is the gold standard for
diagnosis and surgical resection is the first treatment choice. Total resection (Simpson I-IT) helps to reduce

recurrence.
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Introduction (WHO) (1). The biological characteristics of AM are
The diagnosis of atypical meningiomas (AMs) was between benign meningiomas and anaplastic meningiomas.
remodified in 2016 by the Classification of Central AMs are WHO grade II tumors with high heterogeneity

Nervous System Tumors of the World Health Organization and invasiveness, and which are unique in their clinical
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presentation, imaging, pathology, treatment, and
prognosis. To further analyze the diagnosis and treatment
characteristics of AM, the data of six patients with AM
admitted to our hospital from January 2016 to December
2019 were retrospectively analyzed.

We present the following article in accordance with
the AME Case Series Checklist (available at http://dx.doi.
org/10.21037/tcr-21-375).

Methods
Clinical information

From January 2016 to December 2019, six patients with
AMs confirmed by pathology were treated in our hospital,
accounting for 25.0% (6/24) of meningioma operations
in our department in the same period. The patient group
comprised of three males and three females and the age of
onset was 52-87 years. Craniocerebral MRI enhanced scans
were routinely performed before surgery in all patients.
According to the location of the tumor, corresponding
craniotomy was performed, the degree of surgical resection
was evaluated by Simpson grading of meningioma resection
degree (2), and follow-up was implemented. This study was
approved by the Medical Ethics Committee of Guangzhou
Red Cross Hospital, The Fourth Affiliated Hospital of Jinan
University (2019-146-01). All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). Individual
consent for this retrospective analysis was waived.

Histopathological examination

The surgical specimens were diagnosed as AM according
to the 2016 histological criteria of the WHO (1). Tumor
tissues were all embedded in paraffin, stained with HE,
and observed under light microscope. A pathological
result that meets any of the (I) to (III) criteria can be
diagnosed as a WHO grade II AM: (I) Increased mitotic
images (mitotic count >4/10 HPF); (II) invasion of brain
parenchyma; (III) at least three of the following criteria: (i)
cell density increased; (ii) small cell areas with high ratio of
nucleus to cytoplasm appeared; (iii) distinct nucleolus; (iv)
sheet distribution of tumor cells (swirling or bundle-like
arrangement structure lost); (v) focal spontaneous necrosis
(non-iatrogenic). Immunohistochemistry was used to detect
the tumor-specific markers vimentin, epithelial membrane

antigen (EMA), S-100 protein (S-100), glial fibrillary acidic
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protein (GFAP), and Ki67. The SP kit was purchased from
Fuzhou Maixin Biotechnology Co., Ltd.

Results

Magnetic resonance imaging and pathological
manifestations

The main clinical symptoms in the six patients were
increased intracranial pressure (headache) and functional
area symptoms such as alalia, limb weakness, and hearing
loss (Table I). Among the six cases, four tumor were located
in the convex surface of the brain, (including one case in the
right parietal region and invaded the adjacent skull bone;
one case of a huge space in the right temporal region not
only destroyed the right orbit and sphenoid bone, but also
communicated to the infratemporal fossa), a further case
was in the petroclival region of the skull base, and another
case was found brain parenchyma invasion.

All patients underwent MRI and pathological
examination. The MRI findings of 6 patients with atypical
meningioma were mixed signal of equal/long T1 and
long T2. In contrast-enhanced scan, there were obvious
homogeneous or heterogeneous enhancement, unclear
boundary with adjacent brain tissue, and large edema
signal shadow in peripheral white matter. In some cases,
preoperative MRI showed that the tumor increased rapidly.
MR single voxel hydrogen spectrum analysis showed that
Cho and Cho/NAA ratio increased in the focal area of the
nodule.

Pathological HE staining largely showed the following
features: the arrangement of tumor cells has lost the swirl-
like structure, the cell density is high, the nucleolus is
obvious, and the focus of necrosis can be seen in the local
area. The mitotic activity was increased (>4/10 HPF). The
results of immunocytochemistry examination showed that
vimentin was positive in all six cases, EMA was positive in
four, S-100 was negative in four, GFAP was negative in all
cases, and the Ki-67 proliferation index (hot spot region
>15%) was found in five cases.

In case 1, MRI (Figure 14) showed the left parietal lobe
mass is inhomogeneously enhanced, with obvious edema;
Pathological HE staining (Figure 1B) showed that the
tumor cells are arranged in a lobular or nest-like shape, with
vortex-like structure in the local area, the tumor nucleus
is of medium-size, mitotic image was (>4/10 HPF), and
necrosis was seen in the local area.

In case 2, MRI (Figure 24) showed mixed signal shadow
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Number Gender

Age Lesion location

Symptom  MRI manifestations

HE staining

Immunohistochemistry

Surgical results
and follow-up

1 Female 87
2 Male 71
3 Male 70
4 Male 67
5 Female 61
6 Female 52

The left parietal
lobe

The right frontal
lobe (within
cerebrum)

The right
temporal lobe

Petroclival area

The right
frontotemporal
part

The right
occipitoparietal
part

Numbness
in right
extremities

Alalia

Headache

Tinnitus
with
hearing
loss

Pain
behind the
sternum

Headache

The size of tumor: 5.1 cm
x 5.8 cm x 4.6 cm, edema
was obvious with obvious
enlargement of lesion. Low
signal was shown in ADC

The size of tumor: 3.5 cm
x 2.0 cm x 2.7 cm, edema
was obvious, the tumor
invaded local brain tissue.
The Cho in the lesion
increased, Cho/NAA rose

The size of tumor:

48cmx6.2cmx7.0cm.
The tumor invaded brain
tissue, sphenoid bone,
temporalis, with abundant
blood supply. Low signal
was shown in ADC

The size of tumor:

45cmx36cmx1.9cm,
enhanced scanning
lesions were significantly
enhanced. Low signal was

shown in ADC

The size of tumor:

46cmx4.2cmx5.0cm,
mass mixed signal shadow.
The lesion was obviously
enlarged and enhanced.
Low signal was shown in

ADC

The size of tumor:

49cmx4.8cmx5.4cm,
with clear boundary,
obvious homogeneous
enhancement and sheet
edema. Bone erosion was
seen near the inner plate
of parietal bone. Equal and
slightly high signal were

shown in ADC

Mitotic figures
(>4/10 HPF);
visible necrosis
foci

Mitotic figures
(>4/10 HPF);
visible necrosis
foci

Mitotic figures
(>4/10 HPF);
abundant blood
supply

Increased cell
density; obvious
nucleolus,
nucleus deep
staining, visible
karyokinesis and
necrosis

Cell density
increased; the
nucleus was of
medium size,
visible mitotic
figures

(>4/10 HPF).
The tumor cell
proliferation
index was too
high (Ki-67 65%)

Tumor cells
were arranged in
flake, bundle or
whirlpool shape
with obvious
nucleolus and
visible mitosis.
Some tumor
cells had small
nucleoli

Vimentin (+), EMA (+),
S-100 (=), GFAP (-),
Ki67 (20%+)

Vimentin (+), EMA (-),
S-100 (+), GFAP (-),
Ki67 (hot spot region
15-20%)

Vimentin (+), EMA (+/-),
S-100 (=), GFAP (-),
Ki67 (<1%+)

Vimentin (+), EMA (+),
S-100 (-), GFAP (-),
Ki67 (hot spot region
5%+ or so)

Vimentin (+), EMA (+),
S-100 (=), GFAP (-),
Ki67 (60%)

Vimentin (+), EMA (-),
S-100 (+/-), GFAP (-),
Ki67 (hot spot region
7%+ or so)

Simpson grade
|, followed

up for

18 months
without
recurrence

Simpson grade
I, followed up
for 12 months.
New occupancy
appeared in the
right temporal
occipital

Simpson grade
IV, lost to
follow-up

Simpson grade
I, followed

up for

12 months
without
recurrence

Simpson grade
|, followed

up for

46 months
without
recurrence

Simpson grade
|, followed

up for

4 months
without
recurrence

ADC, apparent diffusion coefficient; Cho/NAA, choline/N-acetylaspartate; EMA, epithelial membrane antigen; GFAP, glial fibrillary acidic
protein; HPF, high power field; Ki67, Ki-67 proliferation index; S-100, S-100 protein.
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Figure 1 MRI and pathological features of atypical meningiomas in clinical case 1. Female patient, 87 years old. (A) MRI shows the left

parietal lobe mass is inhomogeneously enhanced, with obvious edema; (B) HE staining (x100) shows that the tumor cells are arranged in a

lobular or nest-like shape, with vortex-like structure in the local area, the tumor nucleus is of medium-size, mitotic image is (>4/10 HPF),

and necrosis is seen in the local area. MRI, magnetic resonance imaging; HE, hematoxylin-eosin.

Cho / NAA

Figure 2 MRI and pathological features of atypical meningiomas in clinical case 2. Male patient, 71 years old. (A) MRI shows mixed signal

shadow in the right frontal lobe, with ring enhancement. There are flake like non enhancement areas in the lesion and large edema of the

white matter around it. (B) MR single voxel hydrogen spectrum analysis: the focus area of the right frontal lobe nodule: Cho is increased, the

ratio of Cho/NAA is increased, and the spectrum shape of the lesion edge is generally normal. (C) HE staining (x200) showing tumor cells

arranged in nest-like and whirlpool-like shapes, nuclei are of medium-size, some of the nuclei are vacuolated, mitotic images are common,

and necrosis is seen in local areas. MRI, magnetic resonance imaging; MR, magnetic resonance; Cho/NAA, choline/N-acetylaspartate; HE,

hematoxylin-eosin.

in the right frontal lobe, with ring enhancement, and large
edema of the white matter. MR single voxel hydrogen
spectrum analysis (Figure 2B) showed the focus area of the
right frontal lobe nodule: Cho was increased, the ratio of
Cho/NAA was increased, and the spectrum shape of the
lesion edge was generally normal. HE staining (Figure 2C)
showed tumor cells arranged in nest-like and whirlpool-like
shapes, nuclei were of medium-size, some of the nuclei were
vacuolated, mitotic images weree common, and necrosis was
seen.

© Translational Cancer Research. All rights reserved.

In case 3, MRI (Figure 34) showed a huge tumor with
rich blood supply in the right temporal lobe, which had
invaded the lateral wall of the right orbit causing sphenoid
bone damage, and invasion of the infratemporal fossa,
pterygopalatine fossa, and medial pterygoid and lateral
pterygoid muscles outside the cranium. HE staining
(Figure 3B) showed tumor cells were arranged in small
sheets, of papillary or whirlpool shape, with obvious
nucleoli and abundant cytoplasm; Immunohistochemistry
results show EMA (+/-), Vimentin (+), S100 (-), GFAP (-).
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Figure 3 MRI and pathological features of atypical meningiomas in clinical case 3. Male patient, 70 years old. (A) MRI shows a huge tumor
with rich blood supply in the right temporal lobe, which has invaded the lateral wall of the right orbit causing sphenoid bone damage, and
invasion of the infratemporal fossa, pterygopalatine fossa, and medial pterygoid and lateral pterygoid muscles outside the cranium. (B)
HE staining (x100) shows tumor cells are arranged in small sheets, of papillary or whirlpool shape, with obvious nucleoli and abundant
cytoplasm; Immunohistochemistry results show EMA (+/-), Vimentin (+), S100 (=), GFAP (-). MRI, magnetic resonance imaging; HE,
hematoxylin-eosin; EMA, epithelial membrane antigen; S-100: S-100 protein; GFAP, glial fibrillary acidic protein.

Figure 4 MRI and pathological features of atypical meningiomas in clinical case 4. Male patient, 67 years old. (A) MRI shows that T1 is
slightly longer and the T2 signal is abnormal with irregular spindle shape in the left petroclival area, which connected with the left cerebellar
tentorium by a wide base, grows across the tentorium, spreading forward into the middle cranial fossa and Meckel cavity, with obvious
enhancement. (B) HE staining (x100) shows obvious nucleolus, deep staining, rough chromatin, mitosis, and necrosis. MRI, magnetic

resonance imaging; HE, hematoxylin-eosin.

In case 4, MRI (Figure 44) showed T'1 signal was slightly
longer and the T2 signal was abnormal with irregular
spindle shape in the left petroclival area, which connected
with the left cerebellar tentorium by a wide base, growed
across the tentorium, spreading forward into the middle
cranial fossa and Meckel cavity, with obvious enhancement.

© Translational Cancer Research. All rights reserved.

HE staining (Figure 4B) showed obvious nucleolus, deep
staining, rough chromatin, mitosis, and necrosis.

In case 5, MRI (Figure 5A4) showed mass mixed signal
shadow of the right frontotemporal part, equal T1/slightly
long T2 signal, and enhanced scanning had obvious
enhancement. HE staining (Figure 5B) showed that the
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Figure 5 MRI and pathological features of atypical meningiomas in clinical case 5. Female patient, 61 years old. (A) MRI shows mass mixed

signal shadow of the right frontotemporal part, equal T1/slightly long T2 signal, and enhanced scanning had obvious enhancement. (B) HE

staining (x100) shows that the tumor cells are arranged in a lobular or nest-like shape, with vortex-like structure in the local area, and the

tumor nucleus is of medium-size. The mitotic image is (>4/10 HPF). The tumor cell proliferation index is high (Ki-67 65%). MRI, magnetic

resonance imaging; HE, hematoxylin-eosin.

tumor cells were arranged in a lobular or nest-like shape,
with vortex-like structure in the local area, and the tumor
nucleus was of medium-size. The mitotic image was
(>4/10HPF). The tumor cell proliferation index was high
(Ki-67 65%).

In case 6, MRI (Figure 6A) showed a round soft tissue like
mass was under the inner plate of the right occipitoparietal
part with clear boundary and obvious homogeneous
enhancement. HE staining (Figure 6B) showed that the
fusiform tumor cells were arranged in a flake, bundle or
whirlpool shape, with an unclear cell boundary. Nuclei were
long fusiform and fat fusiform. Some tumor cells had small
nucleoli and mitosis.

Surgical results and follow-up

The degree of surgical resection of meningioma was
evaluated according to the Simpson grade. Simpson grade
I-II resection was performed in five cases, and there was no
recurrence after follow-up for 4 to 46 months. However,
one patient with right frontal lobe intracerebral occupancy
developed a new metastatic tumor in the ipsilateral temporal
occipital lobe 1 year after surgery. The patient’s family
refused further treatment. Simpson grade IV resection
was performed in another case where a huge occupancy
in the right temporal region destroyed the right orbit and
sphenoid bone and communicated to the infratemporal
fossa, and the follow-up was lost after discharge (1able I).

© Translational Cancer Research. All rights reserved.

Discussion

According to the WHO 2016 histological standards, AM
is defined as WHO grade 11, placing it between benign
meningioma (WHO grade I) and anaplastic meningioma
(WHO grade III). Grade II and III meningiomas were
more common in men. The median age of diagnosis in
Grade II and III was 57 years old, which were younger than
grade I (3).

MRI is currently the most used imaging examination
method to diagnose meningioma, and meningioma can
be evaluated by parameters such as T1 and T2 weighting,
diffusion weighting, and the apparent diffusion coefficient
(ADC). It is generally believed that the following MRI
features are helpful in the preoperative diagnosis of
AMs (4-7): (I) the signal is mostly uneven, and the
enhanced scan shows obvious uniform enhancement or
uneven enhancement; (II) the edges are mostly irregular,
mushroom-shaped, lobulated, and the boundary with the
adjacent brain tissue is not clear; (III) large areas of edema
signal shadow are found around the focal area; (IV) the
volume is generally large, or the tumor increases obviously
in a short time. The AMs in the current study largely
exhibited these MRI imaging features.

Mere imaging manifestations do not have sufficient
specificity to provide a definitive diagnosis. Although it
is considered that obvious edema, lack of calcification,
bone destruction, and cystic degeneration are the
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Figure 6 MRI and pathological features of atypical meningiomas in clinical case 6. Female, 52 years old. (A) MRI shows that a round soft

tissue like mass was under the inner plate of the right occipitoparietal part with clear boundary and obvious homogeneous enhancement. (B)

HE staining (x100) shows that the fusiform tumor cells are arranged in a flake, bundle or whirlpool shape, with an unclear cell boundary.

Nuclei are long fusiform and fat fusiform. Some tumor cells have small nucleoli and mitosis. MRI, magnetic resonance imaging; HE,

hematoxylin-eosin.

characteristic features of malignant meningiomas, many
benign meningiomas also have similar features. Some
studies have even suggested that cystic and necrotic areas,
uneven enhancement, and size, are not related to malignant
meningiomas (5). It has been reported that a decrease of the
ADC is a common MRI manifestation of AM. The ADC
value is inversely proportional to the Ki-67 proliferation
index, which helps distinguish low-grade and aggressive
meningiomas (6). Histologically, AMs create mitotic
activity, necrosis, and the ratio of nucleus to cytoplasm and
tumor cells increases, resulting in decreased water diffusion
rates and lower ADC values.

In the cases in our study, one patient with right frontal
intracerebral occupancy underwent MR single voxel
hydrogen spectrum analysis. The results showed that the
Cho increased in the focal area of the nodule, the Cho/NAA
ratio elevated, and the spectral morphology of the edge of
the lesion was almost normal. Previous studies have shown
that on the magnetic resonance spectra, high Cho/Cr ratios
and low NAA peaks are more likely to show atypical and
anaplastic meningioma, and spectral features may help
distinguish meningiomas from atypical types (6,7).

Pathological examination is required to confirm the
diagnosis of AM. A major modification to the 2016 WHO
classification lists brain invasion as one of the diagnostic
criteria for AM. Brain parenchyma encroachment is clearly
defined as a condition in which tumor cells infiltrate brain
parenchyma in an irregular and tongue-like shape without

© Translational Cancer Research. All rights reserved.

cerebral pia mater intervention. Previously, brain invasion
was only recommended as prognostically considered WHO
grade ITon was only recommended as s a condition in which
meningioma (1).

The growth mode of AM is mainly infiltrative growth.
During tumor growth, the surrounding arachnoid and
cerebral pia mater are gradually destroyed, and the tumor
cells further invade brain tissue (8). Brain invasion, a high
mitotic index, and sheet distribution of tumor cells are
significantly associated with shorter disease free survival
(DFS) and have a higher risk of meningioma recurrence. In
the absence of brain invasion or a high mitotic index, the
recurrence rate of AM is low (9). At present, the routine
pathological diagnosis of AM is controversial because
of inter-observer differences. One study compared the
consistency of inter-observer findings in the evaluation
of diagnostic criteria for AM. The results showed that
spontaneous necrosis had the highest inter-observer
consistency, while the consistency of flake area, high
cellularity, and small cells were moderate (10).

Immunocytochemistry staining is a necessary auxiliary
means for pathological diagnosis, which can distinguish AM
from gliomas, neurogenic tumors, mesenchymal tumors,
and some metastatic tumors. Both EMA and vimentin are
the preferred auxiliary diagnostic markers for meningioma
(11,12). EMA is a specific marker of epithelial tissues.
Most meningiomas express EMA, and the expression index
decreases in high-risk meningiomas (WHO grade II, grade
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III). Vimentin is a specific marker of mesenchymal tissue. It
is positive in almost all meningiomas, especially in high-risk
meningioma (WHO grade II, III) and the expression index
rises, showing diffuse positivity. S-100 and GFAP are both
acidic proteins distributed in the nervous system. A finding
of negative S-100 and negative GFAP can usually rule out
neuroepithelial tumors. The main immunocytochemical
results of the six cases of AM in this group showed vimentin
to be positive in all cases and GFAP to be negative in all
cases, and EMA to be positive and S-100 to be negative in
four of the six cases. These findings are consistent with the
literature.

The Ki67 proliferation index was increased in 5 of
the 6 cases (hot spot region >5%). Ki-67 rises with the
increase of tumor malignancy degree, with an average of
3.8% for benign meningiomas and 7.2% for AMs. AMs
with high expression of Ki-67 were prone to relapse after
surgery (13). Barrett et a/. reported that among many
pathological indexes including brain invasion, increased
cell density, obvious nucleolus, sheet distribution of tumor
cells, mitotic number, and Ki67 proliferation index, only the
Ki67 proliferation index and mitosis number could predict
local recurrence (14). However, due to the small number of
cases and the short follow-up time in our study, we failed
to observe the relation between high Ki-67 expression and
poor prognosis.

Although histological diagnosis and grading remains
the current gold standard for diagnosing meningioma,
molecular techniques are increasingly used for diagnosing
meningioma pathogenesis, development, and the hypothesis
of treatment and diagnosis. Studies have confirmed
that NF2 mutations and/or chromosome 22 deletions
play a key role in the occurrence of AMs (15,16) and it
has been suggested that DNA methylation profile can
stratify tumor behavior more accurately (17). Molecular
characterization of tumors based on gene mutations
such as NF2, SMO, TERT, TRAF7, and methylation
profiles is under development. Future developments may
see molecular techniques combined with histology used
to classify meningiomas and guide individual targeted
therapy (3,15-17).

While surgical resection remains the first choice for the
treatment of AM, there are two types of meningiomas that
are difficult to treat surgically. The first of these is seen
when the lesion, even those which are low-grade, surrounds
vascular and neural structures, and removal carries major
risks and is likely to cause functional damage. The second
involves Grade II-III meningiomas located on the convex

© Translational Cancer Research. All rights reserved.
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surface of the skull as these frequently relapse, especially
when performing invasive venous sinus obstruction surgery
for total resection of the meningioma. The goal of the
operation in this case is to completely remove the tumor
and its involved dura mater and skull. For AMs, the tumor
should be removed as completely as possible, along with the
dura mater at the base of the tumor and even the invaded
skull (Simpson I-1I grade) (18).

The degree of surgical resection was a major factor
affecting the prognosis of patients and total resection
was identified as an independent prognostic factor for
the survival by Champeaux et a/. (19). Total resection of
AMs results in a longer overall survival and progression-
free survival (20-22). In our study, complete resection was
performed in five cases (Simpson I-II grade) and there was
no recurrence after follow-up for 4 to 46 months. However,
more cases and longer follow-up time are needed to further
evaluate outcomes. Adjuvant radiotherapy for patients
with total resection of AM is still controversial (23). In one
study, the recurrence rates of patients without adjuvant
radiotherapy after total resection were 7% in 1 year, 41%
in 5 years, and 48% in 10 years (24). Patients who failed to
have complete resection had a high rate of recurrence and
in these cases postoperative adjuvant radiotherapy is usually
recommended. Clinical trials such as EORTC 22042 NCT
00626730), RTOG 0539 (NCT 00895622), and ROAM/
EORTC-1308 have been used to investigate the role of
radiotherapy in the treatment of patients with meningioma
at WHO grade II and grade III (3,25). A study has also
recommended that postoperative treatment be limited to
meningiomas with high mitoses, sheet distribution of tumor
cells, or brain invasion (9).

AM is a highly heterogeneous and invasive tumor, and
its imaging findings are not specific. Histological diagnosis
and grading remain the gold standard of diagnosis, but
molecular technique diagnosis will more accurately stratify
the behavior of the tumor. Surgical resection is still the
first choice for the treatment of AMs and total resection
(Simpson I-II grade) should be performed to reduce

recurrence.
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