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ABS TRACT  
 

 

BACKGROUND 

It is well known in the literature that Apparent Diffusion Coefficient (ADC) obtained 

during diffusion-weighted MRI of brain is sensitive in detecting and differentiating 

low-grade and aggressive meningiomas. However, other studies establish no 

correlation between mean-ADC and ultimate classification as benign, atypical or 

malignant. We wanted to assess the correlation between, A. mean of MRI Apparent 

Diffusion Coefficient (mean-ADC) and B. meningioma biomarker Ki-67 proliferation 

index, in cases of both low-grade and aggressive meningioma. We also wanted to 

assess the sensitivity of mean-ADC for diagnosing an aggressive meningioma. 

 

METHODS 

We analysed 66 surgically treated meningioma patients with complete 

histopathology report (HPR) in Government Medical College, Kozhikode during the 

period of study (Nov-2017-Oct-2018), also having a pre-operative mean-ADC value 

during Diffusion Weighted Imaging (DWI) investigation at the same centre. For the 

latter, a standard MRI brain protocol including diffusion imaging was conducted and 

ADC map was generated. Regions of interest (ROIs) were manually drawn within 

the tumour on ADC map and mean-ADC values were measured. 

 

RESULTS 

Using Pearson correlation coefficient, we found a significant negative correlation 

between Ki-67 proliferation index and mean-ADC in meningioma cases. We also 

calculate 0.79 x 10-3 mm2/s being a reasonable mean-ADC cut-off value due to its 

sensitivity of 84% and specificity of 77% in differentiating between typical and 

atypical meningiomas. 

 

CONCLUSIONS 

The non-invasive calculation of mean-ADC is a valid diagnostic tool. Further, mean 

ADC can be used as a good test to differentiate typical and atypical meningiomas. 

The latter is a particularly valid conclusion, since there were few results from 

conventional MRI studies to differentiate between various typical and atypical 

meningiomas. 
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BACK GRO UND  
 

 

 

It is well known in the literature,[1][2] that Apparent Diffusion 

Coefficient (ADC) obtained during diffusion-weighted MRI of 

brain is sensitive in detecting and differentiating low-grade 

and aggressive meningiomas. However, other studies such as 

[3] establish no correlation between mean-ADC and ultimate 

classification as benign, atypical or malignant. Our study 

establishes relevance of this finding to a population of North 

Kerala, with aim to propose inclusion of mean-ADC obtained 

from Diffusion-Weighted MRI sequence in protocol of the 

centre. 

 

 

Objectives 

 To compare ADC with post-operative biomarker Ki-67 in 

predicting grade of meningioma 

 To evaluate ADC as distinguishing between typical 

(benign, WHO grade I) and atypical/malignant (WHO 

grades II and III) meningioma. 

 

MRI Diffusion Weighted Imaging (DWI), and the inferred 

metric mean-ADC, are superior in diagnosing grade of 

meningioma (benign, atypical, and malignant) since most 

meningiomas do not restrict on DWI. However, only gross 

impression of ADC and cellularity obtained from DWI was 

part of the protocol for such cases in centres such as our 

institution Govt Medical College, Kozhikode, Kerala, India – 

there was no reasonable mean-ADC value around which to 

propose an impression of whether diagnosed meningioma 

was benign, atypical or malignant. 

Such studies are relevant because Diffusion-weighted MRI 

and ADC analysis would aid in early and pre-operative 

diagnosis of meningioma being atypical or malignant. Thus, 

good diagnostic ability would help in an informed prognosis 

for patient’s surgery. Mean-ADC values are typically lower 

than normal brain values for malignant meningiomas and 

these are hyperintense on diffusion-weighted images, while 

being hypointense on ADC maps. Meningiomas which are 

benign have mean-ADC values higher than normal brain 

values. On diffusion-weighted images and ADC maps, these 

are likely to be isointense. In many cases, benign 

meningiomas could have very high mean-ADC values, i.e. 

bright signal on ADC maps, and distinct post-operative 

findings such as microcysts or necrotic infarcts often linked 

to increased water content. 

Meningiomas are mostly asymptomatic and comprise a 

fifth of all intracranial tumours. However, atypical and 

malignant meningiomas account for 10% of all meningiomas, 

and are more prone to recurrence and aggressive growth, 

which in turn causes patient morbidity and mortality despite 

an initial good prognosis. It would thus be useful to 

distinguish among benign, malignant, and atypical 

meningiomas before surgical resection. 

Some justification is available by examining the post-

operative histopathologic findings of atypical and malignant 

meningiomas, which correlate well with their appearance on 

diagnostic diffusion-weighted images and mean-ADC values. 

The properties of hypercellularity, multifocal areas of 

necrosis, brain invasion, numerous abnormal mitoses, or 

cytologic pleomorphism observed in these meningiomas 

correspond to less extracellular water and space, which 

reduces mean-ADC value. Primary brain neoplasms, of which 

meningioma’s are a major family, once treated show an 

increase in extracellular water and space due to cell lysis – 

thereby causing an increase in the diffusion constant of 

mean-ADC. 

 

 
 

ME TH OD S  
 

 

Study Design 

Cross-sectional study. 

 

 

Sample Size 

Using convenience sampling, we calculate total sample size 

required for this correlation study. Total sample size, N = 

(1/c)*[z1 + z2]2 + 3 = 66, given the standard normal deviate 

for type-1 error, i.e. z1=1.96 for 5% level of significance, and 

standard normal deviate for power of study, i.e. z2=0.842, 

while c=0.25*ln [(1 + r)/(1-r)] = 0.125. In this we use r = 0.52, 

from a previous review of such studies [4] treating it as a pilot 

study. Thus, the total sample size we obtain is N = 66. 

 

 

Study Setting 

Patients 66 in number where A. DWI MRI diagnosis of 

meningioma and mean-ADC calculated pre-operatively, 

followed by B. surgical resection and complete 

histopathology report (HPR) as obtained from Departments 

of Radio diagnosis and Pathology, Government Medical 

College Kozhikode (also known as Calicut), Kerala, India, 

included in the study after passing other relevant inclusion 

criteria. 

 

 

Study Duration 

12 months from Nov. 2017 to Oct. 2018. 

 

 

Study Method 

After collecting basic data and patient information in a 

proforma, all 66 subjects were evaluated on 1.5T clinical 

Signa scanners (GE Healthcare) with an 8-channel head coil. 

Protocol was: unenhanced and contrast enhanced spin echo 

T1 weighted imaging, fast spin echo T2 weighted imaging, 

FLAIR and DWI performed in axial planes with slide thickness 

of 5 mm, inter-slice gap of 1 mm and FOV 22 cm. Next, DWI 

was performed with a single shot spin-echo echo planar 

imaging sequence using a TR/TE, 5000/80 matrix 96 x 128, 1 

signal acquired while b values were 0 and 1000s/mm2 with 3 

gradient directions. Trace ADC maps was generated on an 

ADW workstation v 4.6 (GE Healthcare). Regions of interest 

(ROIs) were manually drawn within the tumour on ADC maps 

and mean ADC values measured. As regards Pathology, 

histology was available in all 66 patients after surgical 

resection. Meningiomas were classified according to WHO 

2016 classification. Tumour proliferation indices were 

reported as the percentage of tumour cell nuclei labelling 
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with Ki67 (clone MIB-1) monoclonal antibody in formalin 

fixed paraffin embedded tissue section. 

 

 

Inclusion Criteria 

Surgically treated meningioma cases were enrolled in this 

study, after obtaining their informed consent and 

Institutional Ethics Committee approval (ref. 

GMCKKD/RP2017/EC/175) earlier from Government 

Medical College, Kozhikode, and Kerala, India. Enrolled 

patients also provided their complete pathologic report and 

pre-operative mean-ADC values. 

 

 

Exclusion Criteria 

 Surgically treated meningioma cases without complete 

pathologic report/Ki67 proliferation index. 

 Surgically treated meningioma cases where MRI 

investigation was done outside our institution. 

 Surgically treated meningioma less than 1cm in diameter 

not supporting a reliable mean-ADC. 

 Surgically treated highly calcified meningioma where 

reliable mean-ADC is difficult to find. 

 

 

Statistical Analysis 

From the data obtained, statistical analyses were done using 

SPSS software and Microsoft Excel. Correlation coefficients 

was calculated for mean-ADC and Ki67 proliferation index 

values from all meningiomas using linear regression. 

Correlation analysis was performed with Pearson correlation 

as the metric. A value of p<0.05 was considered statistically 

significant. Comparison of mean-ADC and Ki67 proliferation 

index values were made between low grade and aggressive 

meningiomas using an independent unpaired student T test. 

The sensitivity of mean-ADC for diagnosing aggressive 

meningioma was calculated using ROC curve analysis. 

 

 
 

 

RES ULT S  
 

 

 
ADC Measured in 
Meningioma Type 

N 
Mean-ADC  

(unit is 10-3 mm2/s) 
S.D. 

Typical 53 0.8579 0.11033 
Atypical 13 0.7108 0.10420 

Table 1. Comparison of Mean-ADC Values in Typical  
and Atypical Meningiomas in Our Study 

 

There was significant difference in ADC values between 

typical and atypical meningioma cases with a mean of 0.85 x 

10-3 mm2/s for typical and 0.71 x 10-3 mm2/s for atypical 

meningioma cases, with supporting P value of 0.001. 

 
Finding Correlation of  
Mean-ADC with Ki-67 

Statistical 
Measures 

Remarks 

Ki-67 biomarker 
Pearson Correlation 1 

Base quantity Sigma (2-tailed)  
N 66 

Pre-operative Mean-
ADC measurement 

Pearson Correlation -0.743 Significant at 
p=0.002, 

R-squared value 
0.552 

Sigma (2-tailed) .00 

N 66 

Table 2. Pearson Correlation Coefficient of  
Mean-ADC with Ki-67 Biomarker 

 

Note that above comparison conveys more information 

than 4 other, earlier, studies: A. 3 other studies, found 

negative correlation but with lower R-squared values of 0.34, 

0.297, 0.372, respectively, implying lower confidence, B. 1 

study found no significant correlation between post-operative 

Ki-67 values and pre-operative mean-ADC values. 

 

Area under 
ROC 

Standard 
Error 

Asymptotic 
Sigma 

Asymptotic 95%  
Confidence Interval 

Lower Bound Upper Bound 
0.843 .062 .000 0.721 0.964 

Table 3. Area under ROC Curve Findings 

 

ROC curve and area under the ROC curve were analysed 

and found to have value 0.843. This signifies a high-accuracy 

classifier and suggests that mean-ADC can be used as a 

reasonably good pre-operative diagnostic tool for 

differentiating atypical and typical meningioma. 

 
Investigation Enhancement Type Typical Atypical Total 

Contrast MRI 
Homogenous 27 7 34 
Heterogenous 26 6 32 

Total  53 13 66 

Table 4. Distribution of Contrast Enhancement in  
Typical and Atypical Meningiomas 

 

In our study we evaluated post contrast enhancement 

characteristics and no significant difference in contrast 

enhancement characteristics among typical and atypical 

meningiomas was made out. 

 
Investigation Type of Meningiomas N Mean S.D. 

Ki-67 Proliferation 
Index 

Typical 53 3.21 3.713 
Atypical 13 13.69 7.099 

Table 5. Ki-67 Proliferation Index in  
Typical and Atypical Meningiomas 

 

However, it is not surprising that post-operative HPR 

indicated that Ki-67 biomarker level was well correlated with 

findings of atypical or malignant meningioma in the sample. 

There was significant difference in Ki67 proliferation index 

between typical and atypical meningioma cases with a mean 

of 3.21 for typical and 13.69 for atypical meningioma cases, 

with p value 0.001. 

 

 
 

 

DI SCU S SI ON  
 

 

Most of the meningiomas are slow-growing tumours with 

surgery being the treatment of choice with good prognosis. 

However, a small percentage of meningiomas show 

aggressive behaviour with increased risk of recurrence 

following treatment.(5) Histological analysis was not always 

adequate in explaining the biological behaviour of the 

meningiomas and Ki-67 proliferation index was introduced 

along with histology to better assess the same and to further 

grade the meningiomas.(6) Ki-67 proliferation index is a good 

marker to predict the biological behaviour of meningiomas 

and, more importantly, to assess the risk of recurrence which 

in turn has a key role in patient management and 

prognosis.(6) 

A non-invasive marker of Ki-67 proliferation index would 

thus help in a big way in managing meningioma cases and 

will help to individualize patient management. The last 2 

decades have seen numerous studies which evaluated the 
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role of MRI in predicting the histological subtype and to 

further grade the meningiomas.(1),(7),(8) Early studies 

evaluated the role of conventional MRI, signal characteristics 

in T1W and T2W images to identify the subtypes of typical 

meningioma.(8) These studies were conducted in a small 

number of meningioma cases and no signal characteristics 

were found to be specific for any subtype except angiomatous 

and secretory subtypes which showed T2W-hyperintense 

signals. However, these meningioma cases were rare in most 

of the studies. 

With the introduction of newer physiology-based MRI 

techniques, various authors evaluated the role of these newer 

techniques in assessing meningioma subtypes and grades 

non-invasively. Among these mean-ADC values and perfusion 

imaging were the parameters that appear to be most 

evaluated to assess meningioma grades. Correlation of mean-

ADC values with Ki-67 proliferation index was evaluated in 

multiple studies, but no consistent results were obtained.(7)-

(10) In our study, we tried to evaluate the correlation between 

ADC mean and Ki67 proliferation index among typical and 

atypical meningiomas. We further propose a reasonable 

mean-ADC threshold to classify meningiomas as typical or 

atypical, and to help in patient management at our centre viz. 

Government Medical College, Kozhikode, Kerala, India. Note 

that in our study, there was no case of anaplastic or 

malignant meningioma in the category of atypical 

meningioma. 

In the study(8) on T2-weighted images, hypointense 

meningiomas were mainly fibroblastic and hyperintense 

tumours were mainly syncytial and angioblastic, and partly 

transitional. Isointense tumours were mainly transitional and 

partly fibroblastic and syncytial. The authors conclude that 

the signal intensity of the MRI may be useful in the 

preoperative characterization of intracranial meningiomas. 

T1-weighted images may predict the presence of cysts and 

intra-tumour blood vessels, whilst T2-weighted images can 

give information about histological subtype and vascularity. 

In our study, we evaluated the T2W signal characteristics of 

66 meningiomas. Out of the 66 meningioma cases, most of the 

meningiomas (69.7%) showed isointense signals compared 

to brain parenchyma in T2W images, and an equal (15.2% 

each) number of meningiomas showed hypointense and 

hyperintense signals in T2W images. In this study, most of the 

cases were typical meningioma, and the most common 

histological variants were meningothelial, transitional and 

fibrous variants. These three histological variants 

predominantly showed isointense signals in T2W images. 

However, among the T2 hypointense tumours, there was 

equal distribution of fibrous and transitional variants. Hence, 

we conclude that T2W signal characteristics are less reliable 

in predicting the histological subtype. Atypical meningiomas 

also did not show any specific signal characters to aid in their 

diagnosis. In this study, we had 2 cases of angiomatous 

variants and they showed T2W-hyperintense signals 

however they may be considered rare variants. 

In the study(1) the authors evaluated morphological 

features in typical and atypical meningiomas and found out 

that irregular margins, bone erosion and peritumoral oedema 

were significantly more common in atypical meningiomas. 

Various other studies concluded shape was the only 

significant morphological feature that helped in 

differentiating atypical meningioma from typical 

meningioma. In our study, we evaluated the distribution of 

the pattern of contrast enhancement and peritumoral 

oedema among the meningiomas. Contrast enhancement had 

a similar distribution in both typical and atypical 

meningiomas, however, it is also the case that peritumoral 

oedema was more commonly visualized in atypical 

meningiomas but with lower specificity (44% vs 23%). 

 

 
 

 

CONC LU S ION S  
 

 

 

Our study shows a statistically significant inverse correlation 

between mean-ADC and Ki-67 proliferation index values in 

typical and atypical meningiomas and a statistically 

significant difference of ADC values between low-grade and 

more aggressive subtypes. This has implications for 

prognosis and management. Specifically, a more watchful 

follow-up for a less favourable course and tumour recurrence 

would be prudent in low-grade cases with lower mean-ADC 

values. Thus, low mean-ADC values correlate with high Ki-67 

proliferation index and help differentiate low-grade from 

more aggressive meningiomas and could be an important 

marker for treatment planning. 

 

 

Limitations 

Sample size in this study, while justified using typical sample-

size formulas, is small. With similar sample sizes, previous 

studies have showed controversial results. However, we need 

a multi-centre study with a large sample size to better assess 

the relationship between mean-ADC and prediction of 

meningioma type. There was no case of anaplastic 

meningioma in our study, and the bulk of the study group 

were typical meningiomas, as is the case among regular 

occurrences. In our study, we did not follow up these 

patients, on a long-term basis after surgical resection, to 

assess whether the prognosis in-fact materialized. Finally, in 

this study, metrics such as min-ADC of the tumour or NADC – 

studied in a few other investigations - were not evaluated. 
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