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Abstract
Objectives A combination of T2/FLAIR mismatch sign and advanced imaging parameters may improve the determination of
molecular subtypes of diffuse lower-grade glioma. We assessed the diagnostic value of adding the apparent diffusion coefficient
(ADC) and cerebral blood volume (CBV) to the T2/FLAIR mismatch sign for differentiation of the IDH mutation or 1p/19q
codeletion.
Materials and methods Preoperative conventional, diffusion-weighted, and dynamic susceptibility contrast imaging were per-
formed on 110 patients with diffuse lower-grade gliomas. The study population was classified into three groups using molecular
subtype, namely IDH mutation and 1p/19q codeletion (IDHmut-Codel), IDH wild type (IDHwt) and IDH mutation and no 1p/
19q codeletion (IDHmut-Noncodel). T2/FLAIR mismatch sign and the histogram parameters of apparent diffusion coefficient
(ADC) and normalised cerebral blood volume (nCBV) values were assessed. A multivariate logistic regression model was
constructed to distinguish IDHmut-Noncodel from IDHmut-Codel and IDHwt and from IDHwt, and the performance was
compared with that of single parameters using the area under the receiver operating characteristics curve (AUC).
Results Positive visual T2/FLAIR mismatch sign and higher nCBV skewness were significant variables to distinguish IDHmut-
Noncodel from the other two groups (AUC, 0.88; 95% CI, 0.81–0.96). A lower ADC10 was a significant variable for
distinguishing IDHmut-Noncodel from the IDHwt group (AUC, 0.75; 95% CI, 0.62–0.89). Adding ADC or CBV histogram
parameters to T2/FLAIR mismatch sign improved performance in distinguishing IDHmut-Noncodel from the other two groups
(AUC 0.882 vs. AUC 0.810) or from IDHwt (AUC 0.923 vs. AUC 0.868).
Conclusions The combination of the T2/FLAIR mismatch sign with ADC or CBV histogram parameters can improve the
identification of IDHmut-Noncodel diffuse lower-grade gliomas, which can be easily applied in clinical practice.
Key Points
• The combination of the T2/FLAIR mismatch sign with the ADC or CBV histogram parameters can improve the identification of
IDHmut-Noncodel diffuse lower-grade gliomas.

• The multivariable model showed a significantly better performance for distinguishing the IDHmut-Noncodel group from other
diffuse lower-grade gliomas than the T2/FLAIR mismatch sign alone or any single parameter.
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• The IDHmut-Noncodel type was associated with intermediate treatment outcomes; therefore, the identification of IDHmut-
Noncodel diffuse lower-grade gliomas could be helpful for determining the clinical approach.

Keywords Glioma .Magnetic resonance imaging . Diffusionmagnetic resonance imaging . Isocitrate dehydrogenase

Abbreviations
AUC Area under the receiver operating

characteristics curve
DSC Dynamic susceptibility contrast

imaging
DWI Diffusion-weighted imaging
ICC Intra-class correlation coefficient
IDH Isocitrate dehydrogenase
IDHmut-Codel IDH mutant with 1p/19q codeletion

subtype of diffuse lower-grade glioma
IDHmut-Noncodel IDH mutant with no 1p/19q codeletion

subtype of diffuse lower-grade glioma
IDHwt IDH wild type of diffuse

lower-grade glioma

Introduction

Diffuse lower-grade gliomas are traditionally classified as
grades II and III based on morphological characteristics.
However, recent findings led to a change in the classification
of diffuse lower-grade gliomas according to phenotype and
genotype [1, 2], based on mutation of the isocitrate dehydro-
genase 1 and 2 (IDH1 and IDH2) genes and codeletion of
chromosomes 1p and 19q [3, 4]. This molecular classification
is more robust and useful for predicting prognosis [5], as pa-
tients with codeletion of 1p/19q show better treatment out-
comes [6] and IDH1 mutation is predictive of longer survival
[7]. The molecular classification of diffuse lower-grade glio-
ma groups them into three categories: IDHwild type (IDHwt),
IDH mutant with 1p/19q codeletion (IDHmut-Codel) and
IDH mutant with no 1p/19q codeletion (IDHmut-Noncodel)
[4]. IDHmut-Noncodel diffuse lower-grade gliomas have in-
termediate outcomes: they are more aggressive than IDHmut-
Codel and have better outcomes than IDHwt diffuse lower-
grade gliomas.

The difference between T2-weighted and fluid-attenuated
inversion recovery (FLAIR) images was suggested as an in-
dicator for the visual diagnosis of IDHmut-Noncodel diffuse
lower-grade gliomas. The presence of the T2/FLAIR mis-
match sign showed a positive predictive value of 100% in
IDHmut-Noncodel diffuse lower-grade gliomas [4]. Visual
assessment of the T2/FLAIR mismatch is a simple method
that requires no further processing, and is therefore a clinically
useful biomarker for the detection of IDHmut-Noncodel dif-
fuse lower-grade gliomas. However, advanced MRI tech-
niques, including diffusion-weighted imaging and dynamic

susceptibility contrast (DSC) MRI, are non-invasive tech-
niques that can be used for classifying diffuse lower-grade
gliomas [3, 8]. A meta-analysis showed a significant negative
correlation between the apparent diffusion coefficient (ADC)
and tumour cellularity in gliomas [9]. IDH mutations are as-
sociated with tumour angiogenesis, which can be detected
using DSC MRI [8, 10]. IDHwt diffuse lower-grade gliomas
are characterised by a high relative cerebral blood volume
(rCBV) and low ADC value, whereas IDHmut-Codel gliomas
have a lower rCBV and higher ADC [3]. Thus, the combina-
tion of ADC and CBV values may improve the characterisa-
tion of diffuse lower-grade gliomas.

There are currently few studies assessing the diagnostic
performance of the combination of visual analysis and ad-
vanced imaging parameters for the molecular classification
of diffuse lower-grade gliomas. Image-based approaches have
potential as complementary diagnostic tools for the molecular
classification of diffuse lower-grade gliomas, and could be
valuable in planning the most appropriate treatment strategy,
especially in cases of unresectable lesions in eloquent loca-
tions or in patients who cannot be operated on for medical
problems. Although pathologic diagnosis remains the gold
standard for differentiating diffuse lower-grade gliomas, sam-
pling errors during biopsy or resection and intra- and inter-
observer variations limit the reproducibility of this method in
classifying molecular subtypes of diffuse lower-grade gliomas
[11–13]. We hypothesised that combining the T2/FLAIR mis-
match sign and advanced imaging parameters may improve
the differentiation between IDHmut-Noncodel and other dif-
fuse lower-grade gliomas. The present study examined the
diagnostic value of the combination of quantitative MRI pa-
rameters and the T2/FLAIR mismatch sign for determining
the molecular subtype of diffuse lower-grade gliomas.

Material and methods

Study population

The present study was a retrospective study conducted at Asan
Medical Center betweenMay 2015 andMay 2017 that includ-
ed 127 patients. The inclusion criteria were as follows: (1) a
histopathologic diagnosis of diffuse lower-grade glioma; (2)
obtained multiparametric MRI data. Molecular classification
was performed using the 2016 WHO glioma classification
guidelines based on IDH mutation and 1p/19q status [3].
Seventeen patients with IDH-mutant status but no 1p/19q
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molecular classifications were excluded. The study enrolled
110 patients (56 men with a mean age of 47.4 ± 13.3 years;
range, 19–82 years), including 45 WHO II and 65 WHO III
diffuse lower-grade gliomas.

Molecular classification

IDH1mutation status was determined by sequencing of codon
132 in the catalytic domain of IDH1 using standard genomic
sequencing methods as previously described [14]. In brief,
tumour DNA was isolated from frozen or formalin-fixed tis-
sues using the DNeasy Blood and Tissue Kit (Qiagen). A 236-
bp fragment that included codon 132 was amplified using the
primers 5′-GCG TCA AAT GTG CCA CTA TC-3′ and 5′-
GCAAAA TCA CAT TAT TGC CAAC-3′ to generate a
236-bp fragment. PCR products were sequenced by BigDye
Terminator v1.1 (Applied Biosystems), and sequences were
determined using a 3730 sequencer (Applied Biosystems).

The 1p/19q codeletion status was determined by fluores-
cence in situ hybridisation with specific probes for the 1p36
and 19q13 foci. Codeletion was defined as the deletion of
> 50% of the nuclei examined for both 1p and 19q. The study
population was divided into three groups according to the
molecular characteristics: (1) IDHmut-Noncodel, (2) IDHwt
and (3) IDHmut-Codel.

MRI acquisition protocol and preprocessing

All MR images were obtained on a 3-T unit (Achieva; Philips
Medical Systems) using an 8-channel SENSE head coil. The
brain tumour imaging protocol included the following se-
quences: T2-weighted imaging (T2WI), T1-weighted imaging
(T1WI), FLAIR, DWI, DSC perfusion MRI and contrast-
enhanced T1WI. The imaging parameters for DWI were as
follows: image matrix, 256 × 256; repetition time (TR)/echo
time (TE), 3000/56 ms and 4000/61.7 ms; diffusion gradient
encoding, b = 0, 1000 s/mm2; field of view (FOV), 24 cm;
slice thickness/gap, 4 and 5 mm/2 mm; flip angle, 90°; and
acquisition time, 39 s.

For DSC perfusion MRI, a gradient-echo, echo-planar se-
quence was obtained during the administration of the standard
dose (0.1 mmol/kg) of gadoterate meglumine (Dotarem;
Guerbet). A preload of 0.01 mmol/kg gadoterate meglumine
was given before the dynamic bolus, then the dynamic bolus
was administered as a standard dose of 0.1 mmol/kg gadoterate
meglumine (Dotarem; Guerbet) delivered at a rate of 4 mL/s
using a MRI-compatible power injector (Spectris; Medrad).
The bolus of contrast material was followed by a 20 mL bolus
of saline, injected at the same rate. The imaging parameters for
DSC perfusionMRI were as follows: imagematrix, 128 × 128;
TR/TE, 1808/40ms; FOV, 24 cm; slice thickness/gap, 5/2 mm;
flip angle, 35°; and total acquisition time, 1min and 54 s. Then,
a post-contrast T1-weighted three-dimensional gradient-echo

sequence was acquired with the following parameters: image
matrix, 512 × 512; TR/TE, 9.8/4.6 ms; FOV, 22–26 cm; slice
thickness, 3 mm; and flip angle, 8°.

The ADC maps were calculated in b-values of 0 and
1000 s/mm2 using a two-point estimate of signal decay:
ADC = ln (S [b]/S[0])/b, where b means b-value, and S[0]
and S [b] indicate the signal intensities of images at b-values
of 0 and 1000, respectively.

Commercial software (NordicICE; NordicNeuroLab) was
used for processing the DSC images. The method of
Weisskoff et al [15], which is used to correct T1 and T2 con-
tamination, and its adaptation according to Boxerman et al
[16] were used to perform CBV leakage correction.
According to these correction methods, leakage was estimated
from the deviation of each voxel from a non-leakage referent
tissue response curve. The whole-brain rCBV was then calcu-
lated by numerical integration of the time concentration curve.
For normalisation of the rCBV (nCBV), a neuroradiologist
with 2 years of experience in neuro-oncology imaging manu-
ally selected a normal-appearing contralateral centrum
semiovale (round region of interest (ROI), 4 mm diameter)
and the mean intensity of the selected structure was used.
CBV values were used for generating the nCBV in the con-
tralateral ROI on a pixel-by-pixel basis.

Visual analysis for T2/FLAIR mismatch

The presence of T2/FLAIR mismatch was firstly assessed by
two readers who are experienced neuroradiologists with
2 years (M.K.L.) and 5 years of experience (J.E.P.). The
readers were blinded to the clinical history, histopathologic
diagnosis and molecular classification. After anonymisation
and data randomisation, the readers were given two image sets
for each patient, which included FLAIR and T2WI. The T2/
FLAIRmismatch sign was defined as a hyperintense signal on
T2WI and a relatively hypointense signal on FLAIR images
except for a peripheral hyperintense rim. The presence of T2/
FLAIR mismatch was graded as follows: positive T2/FLAIR
mismatch sign, equivocal and negative T2/FLAIR mismatch
sign. Figure 1 shows examples of the three T2/FLAIR mis-
match findings.

First, the readers examined 20 separate cases, and the intra-
class correlation coefficient (ICC) for the assignment was
measured. The ICC for the visual assessment of T2/FLAIR
mismatch was 89, indicating excellent inter-reader agreement.
Then, the readers reviewed the data in a conjoint manner to
achieve a single reliable visual diagnosis. We chose this meth-
od because the conjoint reading mimics the real-world prac-
tice of radiologists. Also, we assumed that readers who were
previously naive for this sign would perform similar analyses,
given the high positive predictive value in the previous litera-
ture [4, 17]. Also, we calculated T2/FLAIR mismatch degree
in quantitative analysis as follows.
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Quantitative analyses

For quantitative analysis, FLAIR images were registered to
the ADC and nCBV maps using affine transformation with
normalised mutual information as a cost function [18], six
degrees of freedom and tri-linear interpolation. ROIs were
drawn to encompass the entire hyperintense lesion on the
FLAIR images and the enhancing solid portion in the cases
with a contrast-enhancing tumour portion using MITK soft-
ware (www.mitk.org; German Cancer Research Center).
There were 61 patients (55.5%) with a contrast-enhancing
tumour portion. The ROIs were drawn by an independent
radiologist (S.Y.J.) with 3 years of experience in radiology
and approved by an expert neuroradiologist (H.S.K.) with
20 years of experience in neuroradiology.

The quantitative analysis of T2/FLAIR mismatch sign was
performed to support visual analysis as follows: first, ROI in
the hyperintense tumour lesion on T2WI and FLAIR images.
Then, another ROI was drawn in the contralateral normal-
appearing white matter (CNWM) on both T2WI and FLAIR

images (Fig. 4). The T2/FLAIR mismatch degree was calcu-
lated using the following equation:

T2=FLAIR mismatch degree

¼ T2 signal at tumour

T2 signal at CNWM
−
FLAIR signal at tumour

FLAIR signal at CNWM

Histograms of ADC and CBV values were generated for
the entire ROIs, with 100 equally spaced bins from the mini-
mum and maximum pixel values. The cumulative histogram
parameters of the 5th, 10th and 50th percentiles of ADC
(ADC5, ADC10 and ADC50) and the mean ADC for the
ROI were calculated. For nCBV, the cumulative histogram
parameters of the 50th, 90th and 95th percentiles (nCBV50,
nCBV90 and nCBV95) and mean nCBV were derived. Also,
the entropy, skewness and kurtosis were further calculated.
The histogram analysis was performed using a previously de-
scribed strategy [19], which is less influenced by random sta-
tistical fluctuations.

Statistical analysis

Quantitative parameters were expressed as the mean ± stan-
dard deviation. The Shapiro–Wilk test was used to determine
normality. The Student t test and the Chi-square test were used
to assess differences in demographic characteristics and pa-
rameters between the IDHmut-Noncodel and other diffuse
lower-grade gliomas and between the IDHmut-Noncodel
and IDHwt groups, and between IDHmutation groups
(IDHmut-Noncodel and IDHmut-codel) and IDHwt group.

Diagnostic model Among clinical parameters of age and sex,
T2/FLAIR mismatch, and ADC and CBV histogram parame-
ters, significant variables in differentiating each group were
selected using univariate and multivariate logistic regression
analyses. The significant variables were used to construct a
diagnostic model.

Analysis of diagnostic performance Receiver operating char-
acteristics (ROC) curve analysis was performed to calculate
the area under the ROC curve (AUC) between two readers and
to determine the optimal cutoff. The diagnostic performance
of the imaging parameters, including T2/FLAIR mismatch
sign and ADC and nCBV values, was assessed independently
for each reader. The optimal thresholds of the AUCs were
determined bymaximising the sum of the sensitivity and spec-
ificity values. The accuracy, sensitivity and specificity were
calculated. Comparison of AUCs between single parameters
(either T2/FLAIR mismatch sign or ADC/CBV parameter)
and combined parameters was performed using DeLong’s test.

Multiple comparisons between four ADC and nCBV pa-
rameters were adjusted using Bonferroni correction. A p value
< 0.05 was considered statistically significant. Statistical

Fig. 1 Three cases of IDHmut-Noncodel diffuse lower-grade gliomas
that were positive, equivocal and negative for the T2/FLAIR mismatch
sign (arrows). a Positive T2/FLAIR mismatch sign in a left temporal lobe
glioma with IDH mutation and no 1p/19q codeletion (IDHmut-
Noncodel). b Equivocal T2/FLAIRmismatch sign in a left frontal glioma
with IDH wild type (IDHwt). c Negative T2/FLAIR mismatch sign in a
left frontal lobe glioma with IDH mutation and 1p/19q codeletion
(IDHmut-Codel)
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analysis was performed using statistical software (R version R
3.3.3) and MedCalc.

Analysis of reproducibility The reproducibility analysis for
histogram parameters was performed in 20 randomly selected
patients. Inter-reader agreement for histogram parameters was
assessed using the ICC.

Results

Of 110 participants, 19 were IDHmut-Noncodel, 45 were
IDHwt and 46 were IDHmut-Codel (Table 1). After
Bonferroni correction, patients with IDHmut-Noncodel group
were younger (p = 0.007) than those with IDHwt. IDHwt pa-
tients had significantly more multilobar involvement
(p < 0.001) than those with IDHmut-Codel and a higher rate
of grade III gliomas (p = 0.007) than those with IDH mutation
groups.

Comparison of ADC and nCBV parameters

Concordance of histogram parameters between two readers
showed excellent agreement (ICC range, 0.963–0.998)
(Supplementary Table 1). Table 2 summarises the differences
in ADC and nCBV parameters between the groups. The
IDHmut-Noncodel group had higher ADC parameters in
ADC10 (p = 0.001) and ADC50 (p = 0.007) than the
IDHmut-Codel group. The IDHmut-Noncodel group had
higher ADC parameters of ADC5 (p = 0.006), ADC10 (p =

0.002), ADC50 (p = 0.007), mean ADC (p = 0.015) and ADC
skewness (p = 0.005) and lower CBV parameters in nCBV95
(p = 0.007) and nCBV90 (p = 0.008) than the IDHwt group.

T2/FLAIR mismatch sign for predicting
IDHmut-Noncodel

In the differentiation between IDHmut-Noncodel and other
diffuse lower-grade gliomas, the AUC of the T2/FLAIR was
0.81 (95% confidence interval (CI), 0.73–0.90) with sensitiv-
ity, specificity and accuracy of 89.5%, 73.6% and 83.6%,
respectively. The concordance between the qualitative T2/
FLAIR mismatch sign and the quantitative degree was mod-
erate (R = 0.4654, p value < 0.001).

Performance for distinguishing the IDHmut-Noncodel
group from other diffuse lower-grade gliomas

In the univariate analysis, age (p = 0.018), visual and quanti-
tative T2/FLAIR mismatch sign (p < 0.001 and 0.002), ADC
histogram parameters (p = 0.002–0.039), ADC5, ADC10,
ADC50, mean ADC, ADC skewness, nCBV95 (p = 0.020),
nCBV90 (p = 0.017) and nCBV skewness (p = 0.018) were
significant predictors for distinguishing IDHmut-Noncodel
from other groups (Table 3). Among image-based parameters,
tumour enhancement was not a significant predictor of
IDHmut-Noncodel (p = 0.323). In the multivariate analysis,
visual T2/FLAIR mismatch sign (p < 0.001) and nCBV skew-
ness (p = 0.018) remained significant predictors for diagnos-
ing IDHmut-Noncodel.

Table 1 Demographics of the
study population IDHmut-

Noncodel
(n = 19)

IDHwt
(n = 45)

IDHmut-
Codel (n = 46)

p p* p† p+

Age (years) 40.74 ± 12.80 51.2 ± 14.02 46.54 ± 11.66 0.012 0.007 0.081 0.088

Male gender 9 (47.4%) 25 (55.6%) 22 (47.8%) 0.725 0.556 0.974 0.466

Grade

II 13 12 20 0.007 0.001 0.069 0.003
III 6 33 26

Location

Frontal lobe 7 8 29

Others 12 37 15

Multilobar
involvement

9 (47.4%) 30 (66.7%) 13 (28.3%) 0.001 0.153 0.143 < 0.001

Size (cm2) 28.46 ± 16.67 30.00 ± 15.61 35.04 ± 21.91 0.271 0.808 0.245 0.172

IDHmut-Noncodel, IDH mutation and no 1p/19q codeletion; IDHwt, IDH wild type; IDHmut-Codel, IDH muta-
tion and 1p/19q codeletion

P values are Bonferroni-corrected p values. p refers to the statistical significance among the three groups. p*
refers to the statistical significance for difference between IDHmut-Noncodel and IDHwt. p† refers to the
statistical significance for difference between IDHmut-Noncodel and IDHmut-Codel. p+ refers to the
statistical significance for difference between IDHwt and IDHmut-Codel
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Based on visual T2/FLAIR mismatch, the AUC for
distinguishing the IDHmut-Noncodel from other groups was
0.81 (95% CI, 0.73–0.90), with sensitivity, specificity and
accuracy of 89.5%, 72.5% and 75.5%, respectively. The
AUCs for nCBV skewness were 0.69 (95% CI, 0.57–0.81),
respectively.

The combination of nCBV skewness and the visual T2/
FLAIR mismatch sign significantly showed similar to better
diagnostic performance compared with that of single parame-
ters alone (AUC, 0.88; 95% CI, 0.80–0.96). Figure 2 shows a
demonstrable case.

Performance for distinguishing the IDHmut-Noncodel
group from IDHwt

For distinguishing IDHmut-Noncodel from IDHwt, age (p =
0.011), the ADC histogram parameters (p = 0.01–0.29),
ADC5, ADC10, ADC50, mean ADC, ADC skewness,
nCBV95 (p = 0.011), nCBV90 (p = 0.011) and CBV skew-
ness (p = 0.018) were significant predictors in the univariate
analysis. In the multivariate analysis, ADC10 (p = 0.043) was
an independent predictor for distinguishing IDHmut-
Noncodel from IDHwt (Table 3).

For differentiating between the IDHmut-Noncodel and
IDHwt groups, the AUC of T2/FLAIR was 0.87 (95% CI,
0.78–0.96), with sensitivity, specificity and accuracy of

89.5%, 84.4% and 85.9%, respectively (Table 4). The AUCs
for ADC10 were 0.75 (95% CI, 0.78–0.96), respectively.

Combination of the visual T2/FLAIR mismatch sign and
ADC10 showed similar to better diagnostic performance
(AUC, 0.92; 95% CI, 0.86–0.99) compared with that of the
visual T2/FLAIR mismatch sign alone, whereas it was com-
parable with that of ADC 10 alone. Figure 3 shows a demon-
strable case. Combination of the T2/FLAIR mismatch sign
and nCBV90 improved the diagnostic performance (AUC,
0.89; 95% CI, 0.78–0.99; p = 0.57), although the difference
was not significant.

Performance for distinguishing between the IDH
mutation groups and IDHwt

For distinguishing IDH mutation groups from IDHwt,
age (p = 0.016), the ADC histogram parameters (p =
0.005–0.048), ADC5, ADC10, ADC50 and mean ADC,
and the CBV histogram parameters (p = 0.018–0.037),
nCBV95, nCBV90, nCBV50 and mean nCBV, were sig-
nificant predictors in the univariate analysis. On multi-
variate logistic regression, for differentiating the IDH
mutation groups from IDHwt, only visual T2/FLAIR
mismatch sign (p < 0.001) was an independent predictor
(Table 3).

Table 2 Comparison of ADC and CBV parameters between the IDH mutation with no 1p/19q codeletion group (IDHmut-Noncodel) and other LGGs
(ANOVA)

IDHmut-Noncodel
(n = 19)

IDHwt (n = 45) IDHmut-Codel
(n = 46)

p p* p† p+

ADC (10−3 mm2/s)

ADC5 0.909 ± 0.094 0.829 ± 0.107 0.867 ± 0.079 0.007 0.006 0.066 0.054

ADC10 0.985 ± 0.112 0.881 ± 0.116 0.927 ± 0.081 0.001 0.002 0.023 0.033

ADC50 1.324 ± 0.206 1.143 ± 0.265 1.187 ± 0.127 0.007 0.010 0.002 0.316

Mean ADC 1.327 ± 0.190 1.175 ± 0.236 1.253 ± 0.157 0.016 0.015 0.111 0.064

ADC entropy 3.733 ± 0.549 3.559 ± 0.522 3.574 ± 0.447 0.414 0.236 0.227 0.887

ADC kurtosis 4.859 ± 4.612 5.722 ± 3.703 6.154 ± 5.914 0.625 0.432 0.398 0.678

ADC skewness 0.405 ± 0.818 1.002 ± 0.715 0.857 ± 1.110 0.063 0.005 0.115 0.462

nCBV (relative ratio)

nCBV95 3.27 ± 1.08 4.29 ± 1.44 3.85 ± 1.24 0.016 0.007 0.080 0.119

nCBV90 2.58 ± 0.86 3.48 ± 1.29 3.11 ± 1.04 0.015 0.008 0.055 0.137

nCBV50 1.18 ± 0.39 1.53 ± 0.76 1.31 ± 0.46 0.065 0.061 0.273 0.103

Mean nCBV 1.42 ± 0.44 1.85 ± 0.75 1.59 ± 0.53 0.027 0.025 0.226 0.063

nCBVentropy 3.384 ± 0.363 3.448 ± 0.351 3.537 ± 0.376 0.225 0.513 0.137 0.246

nCBV kurtosis 8.385 ± 2.608 7.653 ± 2.720 6.702 ± 2.274 0.036 0.323 0.012 0.074

nCBV skewness 1.892 ± 0.363 1.653 ± 0.474 1.548 ± 0.500 0.030 0.054 0.008 0.304

IDHmut-Noncodel, IDH mutation and no 1p/19q codeletion; IDHwt, IDH wild type; IDHmut-Codel, IDH mutation and 1p/19q codeletion

P values are Bonferroni-corrected p values. p refers to the statistical significance among the three groups. p* refers to the statistical significance for
difference between IDHmut-Noncodel and IDHwt. p† refers to the statistical significance for difference between IDHmut-Noncodel and IDHmut-Codel.
p+ refers to the statistical significance for difference between IDHwt and IDHmut-Codel
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The AUC of visual T2/FLAIR mismatch for distinguishing
between the IDH mutation groups and IDHwt was 0.69 (95%
CI, 0.60–0.77) (Table 4).

Discussion

In the present study, we demonstrated the usefulness of quan-
titative measurement of ADC and CBV when used in combi-
nation with the T2/FLAIR mismatch sign for predicting the
IDHmut-Noncodel molecular subtype. The combination of
ADC and CBV histogram parameters, and the T2/FLAIRmis-
match sign showed a trend to better performance for
distinguishing the IDHmut-Noncodel group from other dif-
fuse lower-grade gliomas and from IDHwt than the T2/
FLAIR mismatch sign alone or any single parameter.

Among diffuse lower-grade gliomas, the IDH mutation
groups showed a more favourable clinical outcome than the
IDHwt group [20], and the IDHwt group showed the most
aggressive clinical outcome and behaviour, similar to those
of glioblastoma [4]. Among the IDH mutation groups, the
IDHmut-Noncodel type shows intermediate treatment out-
comes compared with the IDHmut-Codel type [4]; therefore,
the identification of IDHmut-Noncodel diffuse lower-grade
gliomas could be helpful for determining the clinical ap-
proach. The T2/FLAIR mismatch sign is a highly specific
marker for identifying diffuse lower-grade gliomas, showing
a PPVof 100% in both internal and external validation [4, 17]

without any false-positive cases. Although the T2/FLAIR
mismatch sign showed good diagnostic performance for dif-
ferentiating between IDHmut-Noncodel and other diffuse
lower-grade gliomas, there were 10 false-positive cases and
imperfect positive predictive values. On retrospective review,
this occurred mainly due to background signal decrease on
FLAIR mimicked internal signal decrease in IDHwt, while
pronounced FLAIR signal decrease occurred in IDHmut-
Codel type in a large cyst-like pattern [21]. The present results
may demonstrate the real-world performance of the T2/
FLAIR mismatch sign, as determined by consensus reading
by neuroradiologists with 2 and 5 years of experience, which
is a common clinical situation. The false-positive T2/FLAIR
mismatch sign should be combined with quantitative imaging
parameters to establish a more accurate, non-invasive molec-
ular subclassification.

In addition, for evaluation of the T2/FLAIR mismatch
sign, we used both qualitative and quantitative approaches.
In the univariate logistic regression, both qualitative and
quantitative T2/FLAIR mismatch signs were significant
indicators for distinguishing the IDHmut-Noncodel from
other groups. The two approaches used to assess the T2/
FLAIR mismatch sign showed a moderate concordance
coefficient (R = 0.4654, p < 0.001); therefore, both ap-
proaches could be used for the detection of IDHmut-
Noncodel. However, the visual T2/FLAIR mismatch sign
is simpler to use as a parameter than the quantitative T2/
FLAIR mismatch sign.

Fig. 2 Grade II glioma with IDH
mutation and no 1p/19q
codeletion (IDHmut-Noncodel)
shows no definite diffusion
restriction and a low CBV value
with positive visual T2/FLAIR
mismatch sign (square)
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Quantitative ADC and CBV analyses were previously
used for predicting IDHwt, whereas their application to
the identification of the IDHmut-Noncodel group is rela-
tively unknown. The present findings are consistent with
those of previous studies showing that IDHmut-Noncodel
diffuse lower-grade gliomas have significantly higher
ADC values and lower nCBV values than IDHwt diffuse
lower-grade gliomas [3, 8, 22, 23]. The higher ADC values
in the IDHmut-Noncodel group can also be explained by
the absence of 1p/19 codeletion that gliomas with 1p/19q

codeletion are more homogeneous and have smaller
oedematous areas and larger cellular areas than IDHmut-
Noncodel diffuse lower-grade gliomas [24]. The ADC val-
ue is an indicator of tumour cellularity [9], and a high ADC
value indicates lower cellularity in the IDHmut-Noncodel
group. The homogenously high T2 signal intensity in this
group with a positive T2/FLAIR mismatch sign may be
reflective of lower cellularity; the ADC10 value improves
the accuracy of the visual T2/FLAIR mismatch findings in
the IDHmut-Noncodel group, and the ADC and CBV

Fig. 3 Grade III glioma with IDH
wild type (IDHwt) shows
diffusion restriction and an
increased CBV value with
positive visual T2/FLAIR
mismatch sign (box)

Table 4 Comparison of diagnostic performance for distinguishing the IDHmutation with no 1p/19q codeletion group (IDHmut-Noncodel) from other
diffuse grade II/III gliomas and the IDH mutation from IDH wild type (IDHwt)

IDHmut-Noncodel vs. other LGGs (n = 110) AUC Sensitivity Specificity Accuracy

Combined model (visual T2/FLAIR mismatch
and nCBV skewness)

0.882 (0.801, 0.964) 89.5 80.2 81.8

Visual T2/FLAIR mismatch 0.810 (0.725, 0.895) 89.5 72.5 75.5

nCBV skewness 0.690 (0.573, 0.807) 84.2 59.3 63.6

IDHmut-Noncodel vs. IDHwt (n = 64) AUC Sensitivity Specificity Accuracy

Combined model (visual T2/FLAIR
mismatch and ADC 10)

0.923 (0.855, 0.992) 89.5 86.4 87.3

Visual T2/FLAIR mismatch 0.868 (0.778, 0.957) 89.5 84.1 85.7

ADC 10 0.751 (0.617, 0.886) 84.2 63.6 69.8

IDHmut vs. IDHwt (n = 110) AUC Sensitivity Specificity Accuracy

Visual T2/FLAIR mismatch 0.686 (0.604, 0.767) 53.0 84.1 65.5

Numbers in parentheses are 95% confidence intervals. AUC, area under the receiver operating characteristics curve

T2/FLAIR indicates positive for the T2/FLAIR mismatch sign

852 Eur Radiol (2020) 30:844–854



values improve the accuracy of the visual T2/FLAIR mis-
match findings in the IDHmut-Noncodel group.

The difference in nCBV between the IDHmut-Noncodel
group and other diffuse lower-grade gliomas was not help-
ful for identifying molecular subtypes. Although the 1p/
19q codeletion is associated with a higher CBV [25], the
nCBV can be confounded by tumour grades. A previous
multivariate analysis that included 64 patients with diffuse
lower-grade glioma demonstrated that the CBV does not
improve the molecular subclassification [3]. However, we
showed that nCBV improved the molecular subclassifica-
tion by using the combination model. In addition, we
showed that nCBV was a significant indicator for
distinguishing the IDHmut-Noncodel from other groups
on univariate and multivariate logistic regression analyses.
Since molecular subtyping outweighs histopathologic
grade for predicting the treatment response and survival
of patients with diffuse lower-grade gliomas [1, 2], nCBV
may become an indicator similar to ADC for the molecular
subtyping of diffuse lower-grade gliomas.

The present study had several limitations. First, consensus
assignment of the T2/FLAIR mismatch sign may create a
pseudo-consensus [26] whereby a dominant radiologist could
make the actual decision.We attempted tomitigate this by first

achieving excellent inter-reader agreement (ICC = 0.89) be-
fore consensus reading. Second, the assignment of an equiv-
ocal T2/FLAIR mismatch may seem artifactual; however, it
may reflect a real-world situation in which imaging findings
are not clear-cut. In our study, we showed the quantitative T2/
FLAIR mismatch shows moderate correlation to visual T2/
FLAIR mismatch sign, further supporting the imaging pheno-
type. Third, the IDHmut-Noncodel group included a relatively
small number of patients, which may affect positive or nega-
tive predictive value of the imaging parameters. A 100% of
positive predictive value does not indicate 100% of accuracy
as positive or negative predictive values were affected by dis-
ease prevalence in study population, not likely so-called diag-
nostic performance using AUC, sensitivity or specificity.
Fourth, the ratio between the IDH mutant and the IDHwt
was 13:9, and IDHwt was more frequent than the previously
reported studies [4, 17, 27]. The diagnostic performance of
imaging parameters is not affected by disease prevalence,
which was determined by AUC, sensitivity and specificity
[28]. Nonetheless, data imbalance may limit the translation
of our results to the general population in terms of disease-
specific probability. In the future, further studies with a larger
sample size reflecting general disease incidence in diffuse
lower-grade gliomas will support our studies.

In conclusion, the combination of the visual T2/FLAIR
mismatch sign with ADC or CBV parameters can improve
the identification of IDHmut-Noncodel diffuse lower-grade
gliomas. This image-based approach incorporating ADC and
CBV single parameters with T2/FLAIR mismatch sign could
be helpful in analysing unresectable gliomas in eloquent loca-
tions or gliomas in patients who cannot be operated on for
medical reasons.
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Fig. 4 A grade II glioma with IDHmut-Noncodel shows visual and
quantitative T2/FLAIR mismatch sign. ROIs (circle) are drawn on the
hyperintense tumour in both T2WI and FLAIR images. Other ROIs
(circle) are drawn on the normal-appearing contralateral brain
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Methodology
• retrospective
• cross-sectional study
• performed at one institution
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