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Abstract
Purpose The purpose of this study was to investigate the predictive value of standard MR imaging features and apparent dif-
fusion coefficient (ADC) values as specific markers for isocitrate dehydrogenase (IDH)-mutated lower grade gliomas (LGGs).
Materials and methods Standard MR imaging features including location, T2-FLAIR mismatch sign, signal heterogeneity, 
margin, growth pattern, degree of enhancement and peritumoral edema, and ADC parameters of 74 LGGs were retrospec-
tively assessed. The values of these imaging features in predicting IDH genotypes were further analyzed.
Results Inter-rater agreement of T2-FLAIR mismatch sign reached the highest κ value. The specificity of T2-FLAIR mis-
match sign to predict IDH-mutated LGGs was 100%. IDH-mutated LGGs also tended to manifest single-lobe invasion, dis-
tinct margin, less degree of contrast enhancement and peritumoral edema, and higher normalized minimum and mean ADC 
than IDH-wildtype LGGs (all P < 0.05). The sensitivity, specificity, and AUC of the combination of the imaging features 
and ADC parameters to predict IDH genotypes were 81.82%, 86.67%, and 0.925, respectively (P < 0.001).
Conclusion Standard MRI could clearly show the imaging features of different IDH subtypes of gliomas, which could be 
easily applied in clinical practice and helpful to use in predicting IDH mutation status of LGGs non-invasively.

Keywords Glioma · Magnetic Resonance Imaging (MRI) · Isocitrate dehydrogenase (IDH) · Diffusion magnetic resonance 
imaging

Introduction

Gliomas are one of the most common primary malignant 
tumors of the central nervous system with high mortality 
and disability rate [1]. World Health Organization (WHO) 
classification system incorporated molecular biomarkers into 
the classification of gliomas in 2016 including the impor-
tant isocitrate dehydrogenase (IDH) mutation [2, 3]. It is a 
robust diagnostic and prognostic biomarker for lower grade 

gliomas (LGGs) including WHO grade II and III gliomas 
[4]. LGGs with similar histological characteristics may have 
diverse outcomes between individuals due to different IDH 
genetic backgrounds [5]. More than 75% of LGGs are IDH-
mutated, which are more sensitive to chemotherapy, easy to 
completely resect, and with longer overall survival compar-
ing to IDH-wildtype gliomas [6].

At present, tumor tissue sampling for genetic analysis 
is the most reliable method to detect IDH mutation status. 
However, it is invasive and may cause unnecessary dam-
age to patients who only need follow-up or chemotherapy. 
As a result, failure to accurately diagnose IDH genotypes 
will affect the subsequent treatment. Therefore, exploring a 
noninvasive method to identify the status of IDH mutation 
of gliomas before treatment is of vital importance [7, 8].

Conventional and contrast-enhanced MRI and diffu-
sion-weighted imaging (DWI) are standard clinical exam-
inations for gliomas. They are feasible for a majority of 
hospitals. It would make sense if standard MR imaging 
features could non-invasively predict IDH genotypes of 
glioma before treatment. Patel et al. [9] indicated that 
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T2-FLIAR mismatch sign may correlate with the status of 
IDH and 1p/19q co-deletion. It presented a homogeneous 
hyperintense signal on T2-weighted imaging (T2WI) and 
comparatively hypointense on fluid-attenuated inversion 
recovery images (FLAIR) with a hyperintense ring-shaped 
margin. However, not all of the IDH-mutated gliomas 
would present the T2-FLAIR mismatch sign. Tumor loca-
tion, signal heterogeneity, margin, growth pattern, degree 
of enhancement, and peritumoral edema and apparent dif-
fusion coefficient (ADC) values might provide supplemen-
tary information and contribute to the prediction of IDH 
genotypes as well [7, 10–13].

Our purpose was to investigate the predictive value of 
standard MR imaging features and ADC parameters in IDH 
mutation status of LGGs, so as to provide reliable imaging 
reference for molecular subtype prediction and prognosis 
evaluation.

Materials and methods

Patient selection

The Institutional Review Board of Xuanwu Hospital Capital 
Medical University approved this retrospective study, and 
informed consent was waved. Inclusion criteria were as fol-
lows: patients with newly diagnosed primary glioma per-
formed MRI examinations including T2WI, FLAIR, DWI, 
pre- and post-enhanced T1WI simultaneously before treat-
ment from 2013 to 2018; explicit pathological diagnosis of 
LGG according to the WHO classification system; avail-
able IDH mutation status. There were 74 evaluable patients 
included in the final cohort.

MRI acquisition protocol

All MR images were obtained on a 3-T unit (Verio, Sie-
mens; Trio, Siemens) using an 8-channel head coil. The 
glioma imaging protocol included the following sequences: 
T1-weighted imaging (T1WI, TR/TE, 160 ms/3.05 ms; 
FOV, 240  mm × 240  mm; section thickness, 5  mm; 
matrix, 512 × 512), T2WI (TR/TE, 3800 ms/93 ms; FOV, 
240  mm × 240  mm; section thickness, 5  mm; matrix, 
512 × 512), FLAIR (TR/TE, 1800  ms/94  ms; FOV, 
240  mm × 240  mm; section thickness, 5  mm; matrix, 
128 × 128), and DWI (TR/TE, 5500  ms/90  ms; FOV, 
240  mm × 240  mm; section thickness, 5  mm; matrix, 
128 × 128, b = 0, 1000 s/mm2). Contrast-enhanced T1WI 
(TR/TE, 160 ms/3.05 ms; FOV, 240 mm × 240 mm; sec-
tion thickness, 5 mm; matrix, 512 × 512) were acquired after 
administering 0.1 mL/kg of gadopentetate dimeglumine.

Histopathologic analysis

The enrolled gliomas were classified into grade II or III by 
hematoxylin and eosin (H&E) staining. The status of IDH1 
mutation was detected by immunohistochemical assay, a 
fast and reliable method for evaluation of the IDH1 gene 
mutation status [14], at the most common codon R132H 
[15]. If it was negative, further genomic sequencing analy-
sis was performed to identify IDH1 and IDH2 mutations. 
The pathology was determined by two neuropathologists 
separately. If there was any different diagnosis, the consen-
sus was reached by negotiation. Subsequently, the patients 
were classified into IDH-mutated and IDH-wildtype 
groups.

Image evaluation

MR imaging features were analyzed by two neuroradiolo-
gists who were both blinded to the histopathologic diag-
nosis, IDH mutation classification, and clinical informa-
tion of patients. The MR imaging features were analyzed 
as follows: (1) tumor location, including 4 groups: (a) 
only one of frontal, temporal, parietal, or occipital lobe 
was invaded; (b) insular lobe combined with one or more 
other lobes invaded; (c) multilobes with or without cor-
pus callosum invaded; (d) thalamus or brain stem invaded; 
(2) T2-FLAIR mismatch sign: presence or absence of a 
complete/near complete hyperintense signal on T2WI and 
relative hypointense signal on FLAIR with a ring-shaped 
hyperintense signal at the edge of tumor; (3) signal het-
erogeneity: homogeneous (the signal of tumor was homog-
enous) or heterogeneous signal intensity (the lesion dis-
played a mixed intensity) on T2WI and FLAIR; (4) tumor 
margin: tumor with sharp or indistinct margin; (5) tumor 
growth pattern: tumor that involved one side hemisphere 
was defined as unilateral growth, while both sides of 
hemisphere involved across corpus callosum was defined 
bilateral growth; (6) degree of enhancement: no, mild (the 
portion of enhancing area was < 50% of the tumor) or mod-
erate to obvious (the portion of enhancing area was ≥ 50% 
of the tumor) enhancement; (7) degree of peritumoral 
edema: absence, mild (the longest diameter of edema 
was < 50% of the longest diameter of the tumor), moderate 
to obvious (the longest diameter of edema was ≥ 50% of 
the longest diameter of the tumor); (8) normalized mini-
mum and mean ADC (nADCmin and nADCmean) values: 
quantitative ADC analysis was performed using PMOD 
version 3.505 (PMOD Ltd.). The ADC maps and FLAIR 
images were co-registered using non-affine deformations 
and manually adjusted by referring to anatomic landmarks. 
Subsequently, a region of interest (ROI) was generated 
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using a 3D semi-automatic contouring segmentation 
method subsuming the entire region of FLAIR hyperin-
tensity by two experienced neuroradiologists in consensus 
to acquire the mean and minimum ADC (ADCmin and 
ADCmean). The average ADC value was also calculated 
from the centrum semiovale on the contralateral side of the 
tumor by drawing three circular ROI (size 30–40  mm2). 
The normalized ADC (nADCmin and nADCmean) was 
obtained by dividing the tumor ADC by the average ADC 
of the contralateral normal-appearing white matter.

Statistical analysis

Cohen’s Kappa statistics was performed using an inter-rater 
agreement analysis by MedCalc Statistical Software ver-
sion 18.2.1 (MedCalc Software bvba, Ostend, Belgium) to 
determine the consistency between the two neuroradiologists 
after evaluating images. Different κ values indicate differ-
ent levels of agreement: κ ≤ 0.20 represents poor agreement, 
0.21–0.40 represents fair agreement, 0.41–0.60 represents 
moderate agreement, 0.61–0.80 represents good agreement, 
and 0.81–1.00 represents great agreement.

Statistical analysis was performed using SPSS version 
21.0 (SPSS, Inc., Chicago, IL, USA). The Chi-square test 
(or Fisher’s exact test if the number of one subgroup was < 5) 
was used to compare the differences of MR imaging features 
in different IDH genotypes after reaching agreement of dis-
cordant results. The Shapiro–Wilk test was used to deter-
mine whether the numeric data (normalized ADC param-
eters) for each group were normally distributed. According 
to the non-normally distributed variables, nADCmin and 
nADCmean were compared using the Mann–Whitney U test 
between different subgroups. The optimal cut-off value, sen-
sitivity, specificity, and area under the curve (AUC) of the 
ADC parameters with significant differences were calculated 
via receiver-operating characteristic (ROC) curves. Statis-
tical significance was defined as P < 0.05 for all tests. To 
further explore the predictive value of T2-FLAIR mismatch 
sign in IDH-mutated LGG, sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 

were calculated based on the final consensus. Among imag-
ing features and ADC parameters, significant variables in 
differentiating IDH-mutated from IDH-wildtype LGGs were 
selected using binary logistic regression models. The diag-
nostic performance of all imaging features to predict the 
IDH mutation status was assessed by ROC curve analysis.

Results

There were 74 patients (41 males, 33 females) in the final 
cohort consisted of 33 grade II and 41 grade III gliomas. 
They were divided into IDH-mutated (n = 44) and IDH-
wildtype (n = 30). The clinical characteristics of patients 
are presented in Table  1. The overall average age was 
44.77 ± 13.03 years (range 15–73 years). There were no sig-
nificant differences in age or gender between the two groups.

Inter‑rater agreement for imaging features

After independent analysis, inter-rater agreement for 
T2-FLAIR mismatch sign by two neuroradiologists reached 
the great level with κ value of 0.824 (95% confidence inter-
val (CI): 0.658–0.990). Inter-rater agreement for signal 
heterogeneity (κ = 0.494, 95% CI: 0.296–0.691), tumor 
margin (κ = 0.495, 95% CI: 0.282–0.709), and degree of per-
itumoral edema (κ = 0.473, 95% CI: 0.314–0.632) reached 
moderate level. Tumor growth pattern (κ = 0.643, 95% CI: 
0.404–0.882) and degree of enhancement (κ = 0.689, 95% 
CI: 0.552–0.825) reached good level.

T2‑FLAIR mismatch sign for predicting IDH‑mutated 
LGGs

Both neuroradiologists thought that the T2-FLAIR mis-
match sign was presented in 12 cases (Fig. 1) and absent 
in 58 cases (Fig. 2). Four cases reached different opinions. 
The total of LGGs that manifested T2-FLAIR mismatch 
sign increased to 15 after negotiation. There was signifi-
cant difference in T2-FLAIR mismatch sign of different 

Table 1  Characteristics and 
distribution of IDH mutation 
subtypes

IDH isocitrate dehydrogenase; WHO World Health Organization

IDH-mutated IDH-wildtype Total t/χ2 P

Age at diagnosis  − 0.741 0.461
 Mean 43.84 ± 12.14 46.13 ± 14.33 44.77 ± 13.03
 Range 25–73 15–68 15–73

Gender 0.088 0.767
 Male 25 16 41
 Female 19 14 33
 WHO grade II 22 11 33 – –
 WHO grade III 22 19 41 – –
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IDH mutation genotypes (P < 0.001). Furthermore, all 15 
cases that presented T2-FLAIR mismatch sign were IDH-
mutated type, accounting for 34.09% of all IDH-mutated 
LGGs. T2-FLAIR mismatch sign was highly specific for 
IDH-mutated lower grade gliomas with the specificity and 
PPV of 100%, while the NPV and sensitivity were relative 
lower (50.85% and 34.09%, respectively).

Other MR imaging features for predicting IDH 
genotypes

After resolving the discordances of the two neuroradiolo-
gists about the imaging features, the comparisons of differ-
ent imaging features in LGGs with different IDH mutation 
genotypes are summarized in Table 2. On conventional 

MRI, the signals of IDH-mutated and IDH-wildtype LGGs 
could be homogeneous or heterogeneous (P = 0.938). 
The margin of IDH-mutated LGGs was sharp and clear, 
while that of IDH-wildtype was undefined (P = 0.003). 
No significant difference was observed in the growth 
pattern between the two groups (P = 0.160). Most IDH-
mutated LGGs showed less degree of internal enhance-
ment (P = 0.001) and peritumoral edema (P = 0.016) than 
IDH-wildtype.

There was a significant difference in tumor location 
between the two genotypes (P = 0.002). IDH-mutated LGGs 
involved single lobe preferentially (83.87%), all of which 
was frontal or temporal lobe. By contrast, IDH-wildtype 
LGGs mainly manifested multiple lobes involvement, fre-
quently with corpus callosum and insula invasion (55.56%, 

Fig. 1  Example of IDH-mutated LGG with T2-FLAIR mismatch 
sign. A 31-year-old woman with a grade III IDH-mutated anaplas-
tic astrocytoma in left temporal lobe. T2WI (a) shows almost com-
plete hyperintense signal within the lesions, while FLAIR (b) shows 
relatively hypointense signal within the majority of the lesion, with 

a ring-shaped hyperintense signal at the edge of lesion. The lesion 
manifests distinct margin, almost no contrast enhancement (c), and 
without peritumoral edema. The ADC map (d) shows the tumor with 
an increased ADC value (nADCmean = 2.72, nADCmin = 2.60)

Fig. 2  Example of IDH-wildtype LGG without T2-FLAIR mismatch 
sign. A 45-year-old man with a grade III IDH-wildtype anaplastic 
astrocytoma in right frontal–temporal-insular lobe. a–c The lesion 
presents mild contrast enhancement and peritumoral edema with 

indistinct margin. The ADC map (d) shows the tumor with a lower 
ADC value than that of IDH-mutated LGGs (nADCmean = 1.41, 
nADCmin = 1.22)
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20/36). 71.4% (5/7) of gliomas invaded thalamus or brain-
stem were IDH-wildtype.

The binary logistic regression analysis showed that 
there were significant differences in signal heterogene-
ity (P = 0.030), tumor margin (P = 0.027), and degree 
of enhancement (P = 0.009) of different IDH mutation 
genotypes. Three significant independent variables were 
screened: signal heterogeneity (X1), tumor margin (X2), 
and degree of enhancement (X3). The regression equation 
was as follows: logit (P) = 4.112 + 1.525X1-1.994X23.339X3 
(χ2 = 34.669, P < 0.001). The ROC curve analysis showed 
that the sensitivity, specificity, and AUC of the model to 
predict IDH genotypes were 65.91%, 93.33%, and 0.892, 
respectively (P < 0.001, 95% CI: 0.798–0.952).

nADCmin and nADCmean values of IDH-mutant LGGs 
were significantly higher than those of IDH-wildtype (both 
P < 0.001) (Figs. 1d, 2d). The optimal cut-off values of 
nADCmin and nADCmean to differentiate IDH-mutated 
and IDH-wildtype LGGs were 1.234 and 1.503, respec-
tively. The sensitivity, specificity, and AUC were 79.55% 
and 84.09%, 73.33% and 63.33%, and 0.817 and 0.808, 
respectively (both P < 0.001, Fig. 3). The ROC curve analy-
sis showed that the sensitivity, specificity, and AUC of the 
combination of the imaging features and nADC parameters 

Table 2  Comparison of imaging 
features in glioma with different 
IDH mutation status

IDH isocitrate dehydrogenase

MRI features IDH-mutated, n (%) IDH-wildtype, n (%) κ χ2 P

T2-FLAIR mismatch 0.824 –  < 0.001
 Positive 15/15 (100) 0/15 (0)
 Negative 29/59 (49.15) 30/59 (50.85)

Location – 13.303 0.002
 Single lobe 26/31 (83.87) 5/31 (16.13)
 Insular 7/17 (41.18) 10/17 (58.82)
 Multilobes 9/19 (47.37) 10/19 (52.63)
 Thalamus or brain stem 2/7 (28.57) 5/7 (71.43)

Signal heterogeneity 0.494 0.006 0.938
 Homogeneous 18/30 (60.00) 12/30 (40.00)
 Heterogeneous 26/44 (59.09) 18/44 (40.91)

Tumor margin 0.495 9.285 0.003
 Distinct 20/24 (83.33) 4/24 (16.67)
 Indistinct 23/50 (46.00) 27/50 (54.00)

Growth pattern 0.643 1.974 0.160
 Unilateral 38/60 (63.33) 22/60 (36.67)
 Bilateral 6/14 (42.86) 8/14 (57.14)

Contrast enhancement 0.689 – 0.001
 Absent/mild 43/64 (67.19) 21/64 (32.81)
 Obvious 1/10 (10.00) 9/10 (90.00)

Peritumoral edema 0.473 8.310 0.016
 Absent 17/21 (80.95) 4/21 (19.05)
 Mild 22/38 (57.89) 16/38 (43.24)
 Obvious 5/15 (33.33) 10/15 (66.67)

Fig. 3  Comparison of ROC curves of nADCmin and nADCmean in 
discriminating between IDH-mutated and IDH-wildtype LGGs
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to predict IDH genotypes were 81.82%, 86.67%, and 0.925, 
respectively (P < 0.001, 95% CI:0.840–0.973).

Discussion

Our study demonstrated that the presence of T2-FLAIR mis-
match sign as well as distinct margin, no or mild degree of 
enhancement and peritumoral edema, single-lobe involve-
ment on standard MR images, and higher nADCmin and 
nADCmean values are helpful to distinguish IDH-mutated 
LGGs from IDH-wildtype preoperatively. Identifying above 
features on standard MRI is a convenient approach to predict 
IDH genotypes which requires no advanced examinations.

T2-FLAIR mismatch sign was first proposed by Patel 
et al. [9] and further validated by Broen et al. [16] among 
non-enhanced LGGs. Only recruiting non-enhanced LGGs 
may exclude a number of IDH-wildtype gliomas and result 
in a selection bias. In our study, we recruited LGGs with 
different degrees of enhancement to reduce the selection 
bias. As our result showed, patients who present T2-FLAIR 
mismatch sign were all IDH-mutated LGGs. Juratli et al. 
[17] identified 316 LGGs with different degree of contrast 
enhancement and found that gliomas with enhancement 
were more frequently seen in IDH-wildtype than in IDH-
mutated genotype, which was consistent with the result of 
our study. They also found that T2-FLAIR mismatch sign 
was present in IDH-mutated gliomas including IDH-mutated 
astrocytomas and IDH-mutated with 1p/19q co-deleted oli-
godendrogliomas. Goyal et al. [18] found the specificity of 
T2-FLAIR mismatch sign in predicting the IDH or 1p/19q 
co-deletion status in diffuse LGGs were 100% and 54%, 
respectively. Kapsalaki et al. [19] evaluated the role of the 
T2-FLAIR mismatch sign in detecting IDH mutations of a 
mixed population with low- and high-grade gliomas. They 
found that T2-FLAIR mismatch sign co-registered with the 
degree of tumor homogeneity was significant predictors of 
the IDH status of gliomas, and the specificity of T2-FLAIR 
mismatch sign in the detection of the IDH-mutated gliomas 
was 86.7%. Several studies reported false -positive results 
for the T2-FLAIR mismatch sign, including dysembryoplas-
tic neuroepithelial tumor, pediatric-type gliomas, and non-
neoplastic lesions [20–22]. Jain et al. [23] summarized the 
imaging criteria for the T2-FLAIR mismatch sign to opti-
mize its clinical use in glioma diagnostics. They pointed out 
that many of the reported false-positive cases were related 
to variable application of the sign’s imaging criteria and dif-
ferences in image acquisition, as well as to differences in the 
included patient populations.

However, the pathology of T2-FLAIR mismatch sign 
and why only part of the IDH-mutated LGGs manifested 
T2-FLAIR mismatch have been still ambiguous. There 
are some assumptions. First of all, some new molecular 

subtypes may exist among IDH-mutated LGGs which are 
still unknown to humans. It may be associated with the 
increasing of proteins in the mammalian target of rapamy-
cin signaling pathway [23]. In addition, Tay et al. [26] found 
atypical imaging feature of protoplasmic astrocytoma (5/8) 
on MRI. It showed generally hyperintense on T2WI and 
manifested signal suppression in greater than 50% of lesions 
on FLAIR. The feature resembles to T2-FLAIR mismatch 
sign, but it has not been validated by molecular pathology. 
More microcyst changes in the central part of the lesions had 
been discovered by pathology than in the peritumoral high 
signal on FLAIR. Deguchi et al. [27] found that microcystic 
change was significantly associated with T2-FLAIR mis-
match sign. T2-FLAIR mismatch sign may reflect microcyst 
formation in IDH-mutant astrocytomas.

In consideration of not all of the IDH-mutated LGGs 
present T2-FLAIR mismatch sign, we further observed the 
predictive value of other imaging features on standard MRI. 
After reaching a consensus about imaging features, we found 
tumor location, margin, degree of contrast enhancement, and 
peritumoral edema were different between IDH-mutated and 
wildtype gliomas. IDH-wildtype LGGs manifested stronger 
invasiveness on conventional MR images. It occurs at the 
junction of brain lobes frequently, such as corpus callosum, 
thalamus, and brainstem. It is more likely to involve insular 
lobe [28]. In contrast, IDH-mutated LGGs prefer to involve 
a single lobe, especially frontal or temporal lobe [10, 29]. 
IDH-mutated LGGs tend to manifest unilateral growth pat-
tern with well-defined lesions, lower degree of enhancement, 
and peritumoral edema. The above findings were basically 
consistent with the previous studies [30, 31]. It is suggested 
that IDH-mutated LGGs may have a better prognosis than 
IDH-wildtype by affecting the location of tumors, such as 
frontal or temporal lobe that are easy to resect.

Furthermore, ADC calculated from DWI may supply 
quantitative information of tumor cellularity, which has 
been widely used in routine diagnosis of glioma. ADCmin 
could reflect the highest cellularity within the whole hetero-
geneous tumors. We demonstrated that both nADCmin and 
nADCmean of IDH-mutated LGGs were significantly higher 
than those of IDH-wildtype (AUC of 0.817 and 0.808, 
respectively), which is consistent with the results of previ-
ous studies [7, 32, 33]. Wu et al. [7] found that nADCmean 
could detect IDH mutation status with an optimal cut-off 
value of 1.2, sensitivity of 81.9%, specificity of 74.6%, and 
AUC of 0.790, regardless of the WHO grade. Xing et al. 
[34] found that the ADCmin and nADCmin of IDH-mutated 
lower grade astrocytomas were higher than those of IDH-
wildtype. Furthermore, the sensitivity, specificity, and AUC 
of the combination of ADC parameters and other imaging 
features on standard MRI in the detection of IDH muta-
tion status were 81.82%, 86.67%, and 0.925, respectively. 
These imaging features on standard MRI are easy to use and 
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helpful in recognizing IDH-mutated LGGs, particularly if 
formal IDH testing is not available.

There are some limitations in our study. First, the small 
sample size may influence the results, which need to be 
validated in a larger cohort. Second, we only detected IDH 
mutation status which is one of the most importance molec-
ular of glioma. We failed to further analyze the relation-
ships between the imaging features and other meaningful 
molecular biomarkers such as 1p/19q co-deletion because of 
the incomplete molecular pathological information. Third, 
only part of the patients underwent perfusion-weighted 
imaging or other advanced examinations. We will further 
investigate the value of advanced MR techniques in predic-
tion of glioma genotypes. Finally, point-to-point biopsy in 
site of T2-FLAIR “match” and “mismatch” for molecular 
and pathophysiological analysis is recommended for future 
research.

Conclusion

The presence of T2-FLAIR mismatch sign, sharp tumor mar-
gin, less degree of contrast enhancement and peritumoral 
edema, and higher normalized ADC are more frequently 
found in IDH-mutated LGGs than in IDH-wildtype. This 
image-based approach incorporating imaging features on 
MR with ADC parameters of DWI could be easily applied 
in clinical practice and helpful for predicting IDH mutation 
status of LGGs non-invasively, and formulating individual-
ized treatment decision.
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