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ABSTRACT

BACKGROUND

Meningiomas are the most common primary extra-axial non-glial intracranial
tumors. The severe grade of meningioma, according to WHO, has the
highest recurrence rate accompanied by high morbidity and mortality rates.
Therefore, it is imperative to perform pre-operative assessments so the
clinician can give prompt treatment to gain a better prognosis. It is a novel
alternative way of predicting meningioma’s malignancy by calculating the
tumor’s apparent diffusion coefficient (ADC) value. The objective of the
study was to determine the value of ADC for differentiating benign and
malignant meningiomas.

METHODS

This cross-sectional study involved 32 subjects with clinically diagnosed
or histologically verified meningioma (21 benign and 11 malignant). They
underwent a head-magnetic resonance imaging (MRI) examination and
biopsy. We calculated the ADC value by creating regions of interest (ROIs)
on the solid part of the tumor, guided by contrast and fluid-attenuated
inversion recovery (FLAIR) sequence. We analyzed the ADC value with
independent t-test and Bland-Altman graphs, calculated the average
difference, CI 95%, limit of agreement between observers, and ROC.

RESULTS

Mean ADC of malignant meningiomas (0.877 = 0.167 x 10~ mm?/s) was
significantly lower than that of benign meningiomas (0.990 + 0.105 x 10
mm?/s) (p<0.05). The ADC threshold is 0.886 x 10~ mm?/s with sensitivity
63.6%, specificity 85.7%, positive predictive value 70% and negative
predictive value 81.8%.

CONCLUSION

The ADC value measurement provides a discriminative feature to
differentiate between benign and malignant meningiomas. However, the
clinical applicability still needs to be elucidated, as histopathological
confirmation remains the mainstay of definitive diagnosis.
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INTRODUCTION

Meningiomas are the most common
intracranial non-axial primary tumors, ranging
from 14 to 20% of all intracranial tumors and
are common in middle-aged patients, with a male:
femaleratio of 1:2.(V

The incidence of meningiomas is 6:100,000
population, of which 2%-3% are asymptomatic,
and 8% comprise multiple meningiomas. Most
meningiomas are benign, slow-growing, and in
some cases can be cured by surgery.
Nevertheless, 10-20% show aggressiveness
both clinically and histopathologically and cause
symptoms that worsen with time.?3

The World Health Organization (WHO) has
divided meningiomas into three groups based on
the histopathological findings. These groups are
WHO grade I (typical) that occur in almost 90%
of the population, WHO grade II (atypical) that
have an incidence of 5%-7% in the population,
and WHO grade III (anaplastic) that account
for 1%-3% of the population. It is essential to
assess the clinical prognosis to help clinicians
determine the next treatment. For example,
management of treatment for WHO grade 1
meningiomas can be observation or surgery. In
contrast, the treatment for meningiomas of
WHO grade II is total surgery with/without
radiotherapy, and for meningiomas of WHO
grade III is in the form of radical surgery
accompanied by radiotherapy. The severest
grade of meningioma, according to WHO, has
the highest recurrence rate accompanied by
high morbidity and mortality rates and low life
expectancy in the next five years.® So, it is
imperative to preoperatively assess the potential
for invasive meningioma to determine
appropriate treatment and improve the patient’s
prognosis.®

Magnetic resonance imaging (MRI) can be
the imaging technique of choice to picture
intracranial meningiomas and determine the next
treatment. Various ways have been taken to
assess the grade of meningioma with MRI
examinations at varying stages before surgery.®
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However, conventional MRI cannot
distinguish between benign and malignant
meningiomas. The picture of heterogeneous
lesions and contrast enhancement, margins
indistinguishable from surrounding tissue,
irregular edges, destruction of the surrounding
bone, accompanied by peritumoral edema, leads
to an image of atypical/malignant meningioma.
Still, this is not specific because the picture can
also be found in benign meningiomas.®*>

Diffusion-weighted imaging (DWI) in MRI
examination is a non-invasive technique that can
assess free fluid diffusion in tissues. The
apparent diffusion coefficient (ADC) is a
measure of the diffusion of water molecules in
tissues and is calculated after determination of
DWIin MRI. The ADC values are automatically
computed by the software, resulting in a
parametric map showing the rate of diffusion of
water molecules, which will vary in each tissue.
Measurements are made by drawing regions of
interest (ROIs) on the ADC map. The ADC
value is expressed in mm?*/s. Although there is
no clear limit for the normal value, ADC values
of under 1.0 to 1.1 x 10 mm?/s are generally
stated to be restricted.®® Moraru and Dimitrievici
™ state that the ADC value in cortical gray
matter is 0.56—-0.78 x 10 mm?/s, in white matter
0.319-0.686 x 10 mm?*'s and in cerebrospinal
fluid 1.59-2.43 x 107 mm?/s.

Previous researchers have recognized the
ADC value obtained from DWI as an effective
method for distinguishing benign and malignant
meningiomas. However, ADC values cannot
differentiate between atypical and anaplastic/
malignant meningiomas. Fluid diffusion in body
tissues depends on the ratio of extracellular to
intracellular space. Atypical and malignant
meningiomas have a high cell proliferation rate
and cause reduced extracellular space, resulting
in fluid diffusion restriction,®® which shows an
increased signal intensity in DWI and decreased
signal intensity in ADC. In previous studies
conducted by Surov et al.®) and Azeemuddin et
al.,® the ADC value played an essential role in
determining the type of meningioma.
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For meningiomas with a soft consistency,
management to remove the tumor is carried out
using a suction probe. In contrast, meningioma
with a hard consistency cannot be treated by
tumor excision. The ADC boundary value
between WHO grade I and II/III meningiomas
varied in all previous studies. For example, the
study conducted by Surov et al.® used the value
of 0.85x10°* mm?/s as the threshold to
differentiate WHO grade I meningiomas, which
have low proliferation rates, from the high
proliferation potential contained in WHO grades
I and III. The ADC assessment itself'is still rarely
done in the MRI examination protocol in our
hospital, especially in meningioma patients. In
some studies, as in the study conducted by Yiping
etal.,'® the ADC value can distinguish between
benign and malignant meningiomas. However,
there are several different results from previous
studies, one of which is the study of Rad et al.,®
where it said that benign and malignant
meningiomas are indistinguishable by ADC values.
We questioned the difference between ADC
values in benign and malignant meningiomas
because of the previous study results. The present
study aimed to determine the value of ADC for
differentiating benign and malignant meningiomas.

METHODS

Research design

This study was a cross-sectional study
conducted in the Radiology Installation of dr.
Moewardi Hospital, Surakarta, from February
2020 to July 2020.

Study subjects

The target population consisted of
meningioma patients who had undergone head-
MRI and histopathology examinations and were
archived at dr. Moewardi Hospital, Surakarta,
from March 2016 until April 2020.

Sample size determination

A total of 32 patients with clinically
diagnosed or histologically verified meningiomas
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(21 benign and 11 malignant) were included. All
samples were taken using purposive sampling
techniques. Meanwhile, according to Memon et
al.," the appropriate sample size in a study is
between 30 and 500. Even though the sample
size between 30 and 500 at 5% confidence level
is generally sufficient for many researchers, the
decision on the size should reflect the quality of
the sample in this wide interval. Therefore, the
minimum number of samples set in this study
was 30 samples. We only included patients that
have undergone MRI and histopathology
examination from March 2016 until April 2020.
We excluded patients with en-plaque
meningiomas and meningiomas related to other
tumors as in neurofibromatosis.

MRI imaging

For cranial MRI examinations at
dr. Moewardi Hospital, Surakarta, a 1.5 T MRI
scanner (GEMR HDXT) is used, with a standard
head coil. Pre-contrast T1-weighted spin-echo
(SE) (TR/TE 401/8.5 ms), T2-weighted fast SE
(FSE) (TR/TE 5256/73.8 ms), fluid-attenuated
inversion recovery (FLAIR) (TR/TE/9000/145.2
ms) and DWI sequences (TR/TE 5200/81.5 ms)
are all taken in axial section. The matrix used is
256%256 with a field of view (FOV) of 25 c¢m,
slice thickness of 3 mm, and a 3-mm gap
between slices. Contrast-enhanced T 1-weighted
images are obtained in axial section after the
patient has been given IV contrast (Gadovist, 1
mmol/ml). The ADC folders are processed from
DWI using Functool (GE Medical System)
software with b-values of 0 and 1000 s/
mm?. Simultaneously, for the ADC value
calculation the RadiAnt DICOM Viewer (64-
bit) (Medixant Company, Poznan, Poland) is
used. Data collection and analysis is done using
Microsoft Office 2016 (Microsoft Corporation,
Redmond, WA, USA) and IBM® SPSS statistics
version 25 (Released 2017, Armonk, NY: IBM).
In the calculation of ADC values, we use
RadiANT DICOM Viewer software by creating
regions of interest (ROIs) on the solid parts of
the tumor, guided by contrast sequence to assess
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tumor boundaries and FLAIR sequence to assess
the limit of peritumoral edema. The ADC value
is expressed in units of x10~ mm?/s. The calcified
parts of the tumor are avoided. The assessment
is also conducted on the tumor-free contralateral
side as control, called normal appearing white
matter (NAWM).

Histopathological analysis

The pathology preparations of the patients
were re-evaluated according to the WHO 2016
classification. The WHO categorizes the
malignancy grade of meningiomas based on their
histopathological features, consisting of WHO
grade I (typical), WHO grade II (atypical), and
WHO grade III (anaplastic). WHO grade I
(typical) meningiomas occur in almost 90% of
the population, WHO grade II (atypical)
meningiomas have an incidence of 5%-7% of the
population, and WHO grade III (anaplastic)
meningiomas account for 1%-3% of the
population. Each type has many subtypes, namely
nine benign subtypes (WHO grade I), three
intermediate subtypes (WHO grade II), and three
malignant subtypes (WHO grade III). This division
is based on histopathological appearance.'? For
the more aggressive subtypes, it is unclear what
percentage of the histology must be present
before being classified as malignant. However,
chordoid, clear cell, papillary and rhabdoid
subtypes are declared to be categorized as WHO
grade Il and WHO grade III if the morphological
picture is >50.1? The level of malignancy referred
to in this study are the two groups of benign and
malignant meningiomas. Benign meningiomas are
WHO grade I (typical) meningiomas, while
malignant meningiomas are WHO grade II
(atypical) and III (anaplastic) WHO meningiomas.

Statistical analysis

Since the data distribution was normal, we
used an independent t-test for the hypothesis. To
test the reliability of the measurement results of
2 observers in this study to assess whether it has
a good suitability/reliability or not, the researchers
made Bland Altman graphs ¥ and calculated the
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average difference, 95% CI and limit of
agreement between observers. The receiver
operating characteristic (ROC) curve was
analysed to determine significant cut-off points
in distinguishing benign and malignant
meningiomas.

Ethical clearance

This study was approved by the Board of
Health Research Ethics Committee of Dr.
Moewardi General Hospital 321/II/HREC/2020.

RESULTS

The characteristics of the subjects were
described in Table 1. The study specimens
consisted of 11 malignant (34.4%) and 21 benign
(65.6%). Of these 32 specimens, most were from
patients over 30 years old (90.6%), and 24
(75%) were from women. There were no
significant differences in age, sex, and peritumoral
edema between benign and malignant
meningiomas (p>0.05). From the histopathological
examination results, only four specimens could
not be assigned a known meningioma subtype.
In this study, the most common subtypes were
meningothelial, clear cell, and fibroblastic
meningiomas. In contrast, the least common were
lipomatous, transitional, atypical, and rhabdoid
meningiomas (data not shown).

The reliability/conformity test between the
two observers was conducted by assessing the
Bland-Altman scatter chart of average
differences. From the observers’ calculations, the
average difference between the ADC
assessments was -0.091 and the standard
deviation 0.196. The differences between the
ADC values from the two observers (diff)
associated with their average ADC value (m-
mean), produce the Bland-Alman scatter diagram
in Figure 1. There was only one observation that
was outside the limit of agreement or outside the
value of 1.96 times the standard deviation (dotted
line), which means there is one observation
(3.1%) different from the other observations
(outlier). Since only 3.1% (a<5%) observations
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Table 1. Comparison of subject characteristics and clinical features between benign
and malignant meningioma (n=32)

Benign (n =21,%) Malignant (n=11,%) p value*
Age (years)
<30 0(0.0) 3 (100.0) 0.2822
>30 21 (72.4) 8 (27.6)
Gender
Male 5(62.5) 3(37.5) 0.829°
Female 16 (66.7) 8 (33.3)
Peritumoral edema
Large size 15 (65.2) 8 (34.8) 0.938°
Minimum 6 (66.7) 3(33.3)
ADC 0.990 + 0.105 x 103 mm?/s 0.877 £ 0.167 x 10> mm?/s 0.025°¢

Abbreviation: ADC: apparent diffusion coefficient; *p value=Fisher exact test; °p value=Chi-square-test; °p value=independent-

t test; *Significant at p<0.05

are outside the limit of agreement, we can
conclude that the observers have good suitability/
reliability.

This study’s data is numerical and of normal
distribution based on the Shapiro-Wilk test. In the
independent t-test, there is a statistical difference
in the average ADC value of benign and malignant
meningiomas. The average ADC value in

malignant meningiomas is 0.887 £ 0.167x10"
*mm?/s, while the average ADC value in benign
meningiomas is 0.990 £ 0.105 x10-* mm?/s. Thus,
the average ADC value in malignant meningiomas
is lower than in benign meningiomas, and there is
a significant difference between the average
ADC values in malignant and benign meningiomas
(p<0.05) (Table 1).
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Figure 1. Bland-Altman scatter diagram. Diff is the difference between ADC values from two observers. M-
mean is the average ADC value from the two observers. The dotted line is the limit of agreement or 1.96 times
the standard deviation of the two observers. There is good suitability/reliability if the observation data from

the two observers differ from the limit of agreement by less than 5% (0<5%).

142



Univ Med

ROC Curve
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Figure 2. ROC curve of mean ADC value assessment.

Larger ADC values indicate a benign lesion. The
coordinates of the curves are the sensitivity and 1-
specificity of the variables. The variable is the ADC

value taken by an observer
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Since the average ADC value in benign and
malignant meningiomas is significantly different
from the benign meningiomas ADC value, which
was higher than in malignant meningiomas, we
look for the ROC curve’s cutoff point, illustrated
in Figure 2. From the ROC curve, the AUC value
15 0.732 (p<0.05), with the cutoff point for ADC
being 0.886 x 10 mm?/s with a sensitivity of
0.857 and specificity of 0.636. This can be
interpreted to indicate that the strength of the
ADC’s diagnostic value in determining the
malignancy grade of meningiomas is moderate,
namely 73.20% (>70%-80%). Based on the
sensitivity value, it can be interpreted that 85.70%
of benign meningiomas can be indicated based
on the ADC value of >0.886 x 10° mm?/s. In
contrast, the specificity value means that 63.6%
of malignant meningiomas can be indicated by
an ADC value of <0.886 x 10 mm?/s.

Figure 3. Female, 41 years old, complained about headache and weakness of the left side of the body
On MRI examination, the lesion was hypointense on T1WI (a), which on contrast (b, ¢, and d) showed contrast
enhancement with a dural tail appearance (white arrow) in the convexity of the right parietal lobe. Peritumoral
edema (blue arrow) was in the right temporal lobe on the T2 FLAIR sequence (g and h). The DWI examination
showed fluid restriction (e), and a hypointense lesion appearing on the ADC (f)
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Figure 4. Male 34 years old, with chief complaints of seizures and visual disturbances. The MRI examination
showed a heterointense lesion with a solid-cystic component on TIWI (a) and T1 FLAIR (h). When adminis-
tered contrast (b, c, d, e), it showed contrast enhancement in the left frontotemporoparietal lobe. Peritumoral
edema (blue arrow) is seen in the left frontotemporoparietal lobe. On DWI examination (f), there was a fluid
restriction in the solid area (orange arrow) and a hypointense lesion in the solid area on the ADC (g)

The cutoff points of ADC value based on
the ROC curve are divided into 2 categories for
diagnostic test purposes: >0.886x10~* mm?/s and
<0.886 x10° mm?/s. The sensitivity of ADC value
>(.886x10* mm?/s as the risk of malignant
meningioma incidence is 63.6%, and the specificity
value is 85.7%. In contrast, the PPV and NPV
are 70% and 81.8%, respectively.

One of our subjects was a 41-year-old
female, who complained of headache and
weakness of the left side of the body. There was
a tumor in the convexity of the right parietal lobe
with peritumoral edema spreading through the
right temporal lobe on MRI examination. The
DWI examination showed fluid restriction, the
ADC value was 0.882 x 10 mm?/s, and the
NADC value was 0.762 x 103 mm?/s. If
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categorized based on the cutoff point this tumor
leads to the diagnosis of a malignant meningioma
(<0.886 x10° mm?/s). It is consistent with her
histopathological result of chordoid meningioma
of WHO grade II (Figure 3).

Another subject was a 34-year-old male,
with chief complaints of seizures and visual
disturbances. The MRI examination showed a
solid cystic tumor in the left fronto-temporo-
parietal lobe. The ADC value was found to be
0.979 x 10-3 mm?/s; if categorized based on our
cutoff point, the diagnosis leads to a benign
meningioma (>0.886 x 10-3 mm?/s) that is
consistent with the histopathological results of
angiomatous meningioma (WHO grade I) (Figure
4).
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DISCUSSION

In this study, the prevalence of malignant
meningioma was higher than that of benign
meningioma and this result was in line with a
previous study conducted by Surov et al.,® which
showed that benign meningioma has a higher
incidence than malignant meningioma. Similar to
the previous study of Sohu et al.,( there were
more women among the subjects of the present
study.

This study also showed a significant
difference between ADC value in benign
meningioma and malignant meningioma with the
cutoff point at 0.886 x 10~ mm?/s, which is close
to the ADC cutoff point of 0.85x10" mm?/s in
the studies of Sohu et al.!’ and Surov et al.® The
ADC measured using diffusion-weighted imaging
sequence has been studied previously in predicting
the histological nature of brain tumors.!*!'> The
ADC, which is calculated automatically by
software, shows the magnitude of the diffusion
of the water molecules. In tumors with a high
proliferation of tumor cells, the diffusivity of water
molecules is reduced. Therefore, an inverse
correlation has been reported between ADC
value and tumor cellularity due to this effect.(!9

The sensitivity in this study was 63.6%, which
was lower than that in the previous studies
conducted by Abdel-Kerim et al.'” and Neethu
et al.,"® namely 81.2% and 84.0%, respectively.
A low sensitivity can be due to the number of
benign and malignant subjects, as in the study by
Abdel-Kerim et al.'” with 36 benign and 11
malignant samples, and in the study by Neethu et
al."™® with 53 benign and 13 malignant samples.
Another source of low sensitivity is the high
average malignant ADC value close to the cutoff
point, because the area of necrosis in malignant
meningioma causes increasing fluid diffusion. For
example, in one of the samples, where the ADC
value is 1.067 x 10 mm?/s when categorized by
cutoff point, the diagnosis leads to a picture of
benign meningioma (>0.886 x 10° mm?/s).
However, histopathology results show a picture
of clear cell meningioma with WHO grade I1.
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This study also obtained a specificity value of
85.7%, greater than in the previous study of Surov
et al.,® but smaller than in the study by Abdel-
Kerim et al.!” with specificity of 91.7%. The
large sensitivity of the study of Abdel-Kerim (7
may have been influenced by the fairly large
average distance of benign ADC value from the
cutoff point value of the benign meningioma
average ADC value of 1.02 + 0.16 x 10* mm?*/s
with a cutoff point value of 0.8 x 10 mm?/s.
While in the research conducted by Surov et al.,®
the average ADC value in benign meningioma
was 0.88 £ 0.08 x 10° mm?/s with the cutoff
point at 0.85 x 10~ mm?/s. In our study, the ADC
value of benign meningioma was higher than that
of malignant meningioma. These results were in
agreement with those of the study of Hirunpat et
al.," where the average ADC value in the benign
subgroup (0.83 x 10 mm?/s + 0.37 x 10~ mm?/
s) was higher than in the malignant subgroup
(0.698 x 10 mm?/s + 0.06 x10* mm?/s).

In the present study, PPV and NPV were
70.0% and 81.8%, respectively, and not much
different from those of previous studies, with PPV
85.7% and NPV 95%. Similarly, in the study by
Abdel-Kerim et al.,'” PPV was 75% and NPV
94.3%. Our low NPV compared to previous
studies can be attributed to different study
populations and necrotic malignancy images being
mistaken for cystic components in the DWI
picture of Sohu et al.()

Two of the present study’s limitations are
inadequately archived data and the observational
nature of this study, while the population subtype
variants are quite diverse. Another limitation is
that we did not investigate the diagnostic
accuracy of first-order histogram (FOH)
extracted features, which show pixels in an
image with similar intensity at a defined intensity
level.??

This study shows that the cutoff value of
ADC from meningioma may help the clinician
predict the diagnosis, but making a prompt
diagnosis of meningioma is still based on the
histopathological findings. However, the cutoff
point obtained in this study may be expected to
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be useful as raw data for further research. In the
radiology field, it could be a guide to be used in
the daily protocol in MRI examination.

CONCLUSIONS

This study demonstrated that the ADC is a
valid diagnostic tool. Further, mean ADC can be
used as a good test to differentiate benign and
malignant meningiomas and help the clinician
predict pathological abnormalities due to the
malignancy for evaluation before therapy.
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