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ABSTRACT 1 

Purpose: While the T2-FLAIR mismatch sign is highly specific for isocitrate dehydrogenase 2 

(IDH)-mutant, 1p/19q-noncodeleted astrocytomas among lower-grade gliomas, its utility in 3 
WHO grade 4 gliomas is not well-studied. We derived the partial T2-FLAIR mismatch sign as an 4 

imaging biomarker for IDH mutation in WHO grade 4 gliomas. 5 

Methods: Preoperative MRI scans of adult WHO grade 4 glioma patients (n=2165) from the 6 
multi-institutional ReSPOND (Radiomics Signatures for PrecisiON Diagnostics) consortium 7 

were analyzed. Diagnostic performance of the partial T2-FLAIR mismatch sign was evaluated. 8 
Subset analyses were performed to assess associations of imaging markers with overall survival 9 

(OS). 10 

Results: 121 (5.6%) of 2165 grade 4 gliomas were IDH-mutant. Partial T2-FLAIR mismatch 11 
was present in 40 (1.8%) cases, 32 of which were IDH-mutant, yielding 26.4% sensitivity, 99.6% 12 

specificity, 80.0% positive predictive value, and 95.8% negative predictive value. Multivariate 13 
logistic regression demonstrated IDH mutation was significantly associated with partial T2-14 

FLAIR mismatch (odds ratio [OR] 5.715, 95% CI [1.896, 17.221], p=0.002), younger age (OR 15 

0.911 [0.895, 0.927], p<0.001), tumor centered in frontal lobe (OR 3.842, [2.361, 6.251], 16 
p<0.001), absence of multicentricity (OR 0.173, [0.049, 0.612], p=0.007), and presence of cystic 17 

(OR 6.596, [3.023, 14.391], p<0.001) or non-enhancing solid components (OR 6.069, [3.371, 18 
10.928], p<0.001). Multivariate Cox analysis demonstrated cystic components (p=0.024) and 19 

non-enhancing solid components (p=0.003) were associated with longer OS, while older age 20 

(p<0.001), frontal lobe center (p=0.008), multifocality (p<0.001), and multicentricity (p<0.001) 21 

were associated with shorter OS. 22 

Conclusion: Partial T2-FLAIR mismatch sign is highly specific for IDH mutation in WHO 23 

grade 4 gliomas. 24 

KEYWORDS 25 

glioblastoma; astrocytoma; isocitrate dehydrogenase; magnetic resonance imaging; T2-FLAIR 26 

mismatch 27 

INTRODUCTION 28 

Identification of isocitrate dehydrogenase (IDH) mutation in adult-type diffuse gliomas on pre-29 

treatment imaging remains a clinically important challenge, particularly in WHO grade 4 tumors. 30 

The latest 2021 update of the WHO classification of CNS tumors emphasizes the importance of 31 
this distinction by IDH status by classifying all IDH-wildtype tumors as grade 4 glioblastomas 32 

and grade 4 IDH-mutant gliomas as grade 4 astrocytomas (formerly IDH-mutant glioblastoma).1 33 
Accurate noninvasive identification could aid diagnosis, management, and prognostication as 34 

IDH mutation in high-grade gliomas is associated with greater extent of surgical resection and 35 

with longer survival compared to IDH-wildtype tumors.1-3 36 

The T2-FLAIR (Fluid Attenuation Inversion Recovery) mismatch sign has been shown to be a 37 

highly specific imaging biomarker for IDH mutation and 1p/19q-noncodeleted status in lower-38 
grade gliomas.4-8 Previous studies attempting to extend the T2-FLAIR mismatch sign to predict 39 
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IDH mutation in grade 4 gliomas report mixed success, in part due to the heterogeneous imaging 40 
appearance of high-grade gliomas and the low prevalence of IDH mutation in this population.9,10 41 

Building on this previous work, we propose the “partial T2-FLAIR mismatch sign” as a specific 42 
marker of IDH mutation in grade 4 gliomas. To help overcome the relatively low prevalence of 43 

grade 4 astrocytomas, we leveraged data collected by the multi-institutional ReSPOND 44 

(Radiomics Signatures for PrecisiON Diagnostics) consortium, an international collaboration 45 

dedicated to improving glioblastoma prognostication.11 46 

MATERIALS & METHODS 47 

Data 48 

In this HIPAA-compliant retrospective study, we analyzed a cohort of pathologically confirmed, 49 

newly diagnosed WHO grade 4 gliomas with preoperative MRI and known IDH mutation status 50 
from the ReSPOND consortium. 2331 patients were initially identified. 160 patients were 51 

excluded from analysis: 127 were missing demographic data (age or gender), 24 were duplicates, 52 
5 did not have baseline scans, 3 had evidence of prior intracranial surgery, 1 had excess artifacts, 53 

and 6 were younger than 18 years old. The final sample (n=2165) consisted of data from the 54 

following institutions (sample size in parentheses): University of Pennsylvania (641), University 55 
of California-San Francisco (377), Washington University School of Medicine in St. Louis 56 

(245), University of Pittsburgh Medical Center (151), Catalan Institute of Oncology (133), 57 
Yonsei University/Severance Hospital (118), Case Western Reserve University/University 58 

Hospitals (103), The Cancer Imaging Archive (93), Kings College London (58), New York 59 

University Langone Health (54), Thomas Jefferson University (49), Henry Ford Health (47), Ivy 60 
Glioblastoma Atlas Project (33), Ohio State University (25), Tata Memorial Centre (22), and 61 

University Hospital Río Hortega (16). IDH mutation status was determined by 62 
immunohistochemistry and/or genomic sequencing, according to institutional protocols. 63 

Analyses of subsets with data for overall survival (OS; length of time between grade 4 glioma 64 

diagnosis and death) and O-6-methylguanine-DNA methyltransferase (MGMT) promoter 65 

methylation status were performed. 66 

All MRI scans contained T2-weighted, T2-FLAIR, and T1-weighted sequences before and after 67 
the administration of gadolinium-based contrast, obtained according to institutional protocols. 68 

All scans were preprocessed according to a harmonization protocol that has been previously 69 

described12,13 and included deidentification, rigid registration to the SRI24 atlas14, resampling to 70 

isotropic 1 mm3-voxel resolution, and skull stripping/brain extraction. 71 

The tumor nomenclature used in this study is consistent with the 2021 WHO Classification of 72 
Tumors of the CNS, which consolidated all IDH-mutant diffuse astrocytic tumors under a single 73 

type (astrocytoma, IDH-mutant, grades 2-4).1 74 

Imaging Analysis 75 

MRI scans were analyzed in consensus by a radiology resident with 3 years of neuroimaging 76 

experience (M.D.L.) and a board-certified neuroradiologist with 20 years of post-fellowship 77 
experience (R.J.); both were blinded to IDH mutation status during the initial imaging review. 78 

The presence of partial T2-FLAIR mismatch (homogeneously T2-hyperintense signal in a non-79 
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enhancing solid portion of the tumor with corresponding FLAIR suppression, not necessarily 80 
involving the entire tumor volume; Figure 1) was recorded. The presence of cystic components 81 

(smooth well-defined inner wall with no/minimal peripheral enhancement around a region of 82 
homogeneously T2-hyperintense and homogeneously FLAIR-hypointense signal, distinct from 83 

ventricles and perivascular spaces, and more homogeneous on FLAIR than regions of partial 84 

mismatch; Figure 2) and presence of non-enhancing solid-appearing components that were not 85 
considered partial T2-FLAIR mismatch (T2/FLAIR-hyperintense signal less intense than 86 

cerebrospinal fluid with corresponding T1-hypointensity and associated mass effect, without the 87 
characteristic appearance and distribution of vasogenic edema; this definition was based on 88 

previous studies15 and the VASARI feature set16; Figure 3) were also recorded. To approximate 89 

“fluid attenuation in non-contrast-enhancing tumor (nCET),”10 cases with partial T2-FLAIR 90 

mismatch or cystic components were considered. 91 

Additionally, the primary lobe/region of involvement (tumor center), multifocality (enhancing 92 
lesions connected by a region of T2/FLAIR-hyperintense edema/infiltrative tissue), and 93 

multicentricity (separate lesions not connected by T2/FLAIR-hyperintense signal) were noted. 94 

Statistical Analysis 95 

Statistical analysis was conducted in MATLAB version 9.13.0, R2022b (MathWorks, Natick, 96 

Massachusetts). Continuous variables are presented as means and standard deviations (SD). 97 
Categorical variables are presented as counts (and proportions). Fisher’s exact test was 98 

performed to assess univariate associations between imaging variables and genetic status (IDH 99 

mutation or MGMT methylation). Multivariate associations between imaging variables and 100 
genetic status were assessed using logistic regression. Cox proportional hazard models were 101 

developed to evaluate associations between variables and OS. P<0.05 was considered significant. 102 

RESULTS 103 

Imaging Analysis 104 

Table 1 summarizes demographic and imaging data by IDH status. IDH mutation was present in 105 
121 of 2165 cases (5.6%). IDH-mutant cases were significantly younger than IDH-wildtype 106 

cases and more likely to exhibit partial T2-FLAIR mismatch, tumors centered in the frontal lobe, 107 
cystic components, and non-enhancing solid components (all p<0.001). Multivariate logistic 108 

regression demonstrated that younger age, the presence of partial T2-FLAIR mismatch, tumor 109 

centered in the frontal lobe, absence of multicentricity, and the presence of cystic or non-110 

enhancing solid components were significant predictors of IDH mutation (Table 2). 111 

Partial T2-FLAIR mismatch was present in 40 of 2165 (1.8%) cases, 32 of which were IDH-112 
mutant. One IDH-mutant case exhibited complete T2-FLAIR mismatch (Figure 4), while the rest 113 

of these cases exhibited partial mismatch. 30 of 32 (93.8%) IDH-mutant and 4 of 8 (50%) IDH-114 

wildtype patients with partial T2-FLAIR mismatch were younger than 55 years of age. Over the 115 
total cohort of 2165 patients, partial T2-FLAIR mismatch as a predictor for IDH mutation 116 

yielded a sensitivity of 26.4%, specificity 99.6%, positive predictive value 80.0%, and negative 117 

predictive value 95.8%. 118 
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To approximate “fluid attenuation in non-contrast-enhancing tumor (nCET),”10 we identified 49 119 
of 121 (40.5%) IDH-mutant and 50 of 2044 (2.4%) IDH-wildtype cases with partial T2-FLAIR 120 

mismatch or cystic components (p<0.001), yielding a sensitivity of 40.5%, specificity 97.6%, 121 
positive predictive value 49.5%, and negative predictive value 96.5% for predicting IDH 122 

mutation. 123 

Subset analysis for IDH-wildtype cases with known MGMT methylation status (n=1196) showed 124 
that none of the recorded MRI characteristics were statistically significant predictors of MGMT 125 

methylation (Table S1). 126 

Survival Analysis 127 

OS was known for 1915 patients, 92 (4.8%) of which were IDH-mutant. OS was significantly 128 

longer for IDH-mutant cases than IDH-wildtype cases (mean±SD, 28.2±21.0 v. 15.5±13.2 129 

months, p<0.001). 130 

Univariate age-adjusted Cox analysis revealed IDH mutation (p=0.004), cystic components 131 
(p=0.003), and non-enhancing solid components (p=0.022) were associated with longer OS. 132 

Multifocality and multicentricity were associated with shorter OS (p<0.001). Partial T2-FLAIR 133 

mismatch was not a statistically significant predictor (p=0.457), even when stratified by IDH 134 
status (IDH-mutant with vs. without partial mismatch: 27.5±24.1 v. 28.4±19.8 months, p=0.901; 135 

IDH-wildtype with vs. without partial mismatch: 19.3±20.6 v. 15.4±13.2 months, p=0.659). 136 

Multivariate Cox analysis demonstrated cystic and non-enhancing solid components were 137 

associated with longer OS, while older age, tumor centered in the frontal lobe, multifocality, and 138 

multicentricity were associated with shorter OS (Table 3). 139 

Multivariate subset analyses by IDH status demonstrated that longer OS was associated with the 140 

presence of non-enhancing solid components in IDH-wildtype cases (Table S2) and with the 141 
presence of cystic components in IDH-mutant cases (Table S3). IDH-mutant cases with cystic 142 

components had OS of 35.8±26.1 months, whereas IDH-mutant cases without cystic components 143 

had OS of 25.8±18.7 months (p=0.029). 144 

DISCUSSION 145 

We present the partial T2-FLAIR mismatch sign as a highly specific imaging biomarker for 146 
IDH-mutant grade 4 astrocytoma in a large cohort of adult-type WHO grade 4 diffuse gliomas 147 

from the multi-institutional ReSPOND consortium. Partial T2-FLAIR mismatch describes a 148 

region of homogenous T2-hyperintense and FLAIR-hypointense signal within a non-enhancing, 149 
solid-appearing portion of tumor, not necessarily involving the entire tumor volume. The partial 150 

T2-FLAIR mismatch sign is derived from the T2-FLAIR mismatch sign, which is a highly 151 
specific marker for lower-grade IDH-mutant 1p/19q-noncodeleted/intact astrocytomas and 152 

applies to an entire tumor volume with homogeneously T2-hyperintense signal and 153 

corresponding near-complete FLAIR suppression, except for a thin peripheral FLAIR-154 
hyperintense rim.4-6 These signs are clinically practical because they rely solely on the visual 155 

evaluation of routinely acquired MRI sequences. 156 
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The partial T2-FLAIR mismatch sign had 99.6% specificity, 95.8% negative predictive value, 157 
and 80% positive predictive value. In contrast, the positive predictive value of the T2-FLAIR 158 

mismatch sign for low-grade astrocytoma has been reported to be 100%.4-6 The 26.4% sensitivity 159 
of partial T2-FLAIR mismatch was low but similar to that of the T2-FLAIR mismatch sign.4-6  160 

Average OS in IDH-mutant cases was longer than IDH-wildtype cases in our study (28.2±21.0 v. 161 

15.5±13.2 months), consistent with prior studies.2 IDH mutation was a statistically significant 162 
factor in univariate analysis but not multivariate analysis of survival because the other factors 163 

(i.e., age, frontal lobe center, multifocality, multicentricity, cystic components, and non-164 
enhancing solid components) were even more significant. Like the T2-FLAIR mismatch sign, 165 

partial T2-FLAIR mismatch was not a statistically significant predictor of OS, although there 166 

was a trend toward slightly longer survival among patients with partial T2-FLAIR mismatch. 167 

Our results extend previous work based on the T2-FLAIR mismatch sign in grade 4 gliomas. 168 

Using the definition of T2-FLAIR mismatch as in lower-grade gliomas, Foltyn et al. analyzed 169 
295 glioblastomas, none of which had T2-FLAIR mismatch, though only 5 cases were IDH-170 

mutant.9 Deriving a novel imaging biomarker from T2-FLAIR mismatch, Patel et al. identified 171 

“fluid attenuation in nCET” in 11 of 16 IDH-mutant as well as 3 of 183 IDH-wildtype 172 
glioblastomas, which was associated with longer survival.10 Fluid attenuation in nCET is similar 173 

to partial T2-FLAIR mismatch described in the current work but was not distinguished from 174 
cysts. To approximate fluid attenuation in nCET, we identified cases with partial T2-FLAIR 175 

mismatch or cystic components. The presence of either of these features resulted in a higher 176 

sensitivity but lower specificity and positive predictive value compared to partial T2-FLAIR 177 
mismatch alone. To help overcome the low prevalence of IDH mutation as seen in these prior 178 

studies, we analyzed more than 2000 cases from the 15 institutional datasets in the ReSPOND 179 

consortium, making the present study the largest investigation of its kind to date. 180 

Machine learning approaches using radiomics or deep learning for determining IDH mutation 181 

status from MRI have yielded promising results.17-20 However, most of these studies are based on 182 
small samples, reproducibility is variable, and the clinical applicability of these methods remains 183 

limited. In contrast, the partial T2-FLAIR mismatch sign is a robust visual imaging biomarker 184 
identified using conventional MRI sequences and is highly specific. Future studies on the 185 

quantification and automated detection of partial T2-FLAIR mismatch may allow more objective 186 

identification of this sign. For example, geographically weighted regression has been shown to 187 
accurately identify T2-FLAIR mismatch in lower-grade gliomas21 and may potentially be 188 

extendable to grade 4 gliomas. 189 

We evaluated additional imaging features beyond partial T2-FLAIR mismatch. Cystic 190 

components and non-enhancing solid components were considered distinct from partial T2-191 

FLAIR mismatch and were more often seen in IDH-mutant than IDH-wildtype cases. Although 192 
these features were not as specific or predictive as partial T2-FLAIR mismatch for IDH 193 

mutation, they were associated with longer OS. Subset analyses based on IDH status revealed the 194 
presence of non-enhancing solid components was associated with longer survival in IDH-195 

wildtype cases, whereas cystic components were associated with longer survival in IDH-mutant 196 

cases. Non-enhancing tumor has been associated with longer survival in high-grade gliomas in 197 
some prior studies22, though others report shorter survival, possibly related to residual viable 198 

tumor cells after initial resection of enhancing tumor.15,23 Further investigation is warranted to 199 
determine whether the presence of these features corresponds to underlying molecular 200 
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differences beyond IDH mutation. Our finding that IDH-mutant tumors were more likely to be 201 
centered in the frontal lobe is consistent with prior studies.10,24 While the proportions of 202 

multifocal IDH-mutant and IDH-wildtype tumors were similar, multicentricity was predictive of 203 
IDH-wildtype status. Multifocal and multicentric tumors were associated with shorter OS overall 204 

and among IDH-wildtype cases, also consistent with prior studies.10,24  205 

IDH mutations in gliomas affect cellular metabolism and oncogenesis by leading to the 206 
accumulation of the oncometabolite 2-hydroxyglutarate as well as changes in DNA methylation 207 

and signaling pathways.25 However, the biological mechanisms underlying T2-FLAIR mismatch 208 
remain incompletely elucidated. Differences in cellular proliferation and tumor 209 

microenvironment, such as the suppression or immune cells25 and the presence of microcystic 210 

changes on histopathology4,26, may influence the diffusion of water molecules and contribute to 211 
T2-FLAIR mismatch. Increased expression of genes and proteins in the mechanistic target of 212 

rapamycin (mTOR) pathway may also contribute.4 Future studies with genetic and metabolic 213 
correlation may help explain why only a subset of IDH-mutant gliomas harbor partial T2-FLAIR 214 

mismatch. Decoding the metabolic pathways in gliomas and their corresponding imaging 215 

appearances could also provide a potential approach for future novel molecular targeted 216 

therapies. 217 

While the main purpose of our study was to evaluate the association of the described imaging 218 
markers with IDH mutation, we also performed a subset analysis to explore associations with 219 

MGMT promoter methylation status. None of the examined MRI features were associated with 220 

MGMT status. MRI prediction of MGMT status remains challenging, though recent machine 221 

learning approaches have shown some success.20,27,28 222 

Limitations of this study include its retrospective design, subjective assessment of the imaging 223 
markers without quantification of the degree or extent of partial T2-FLAIR mismatch, and 224 

consensus as opposed to independent review. Variable MRI acquisition protocols may have 225 

affected evaluation for partial T2-FLAIR mismatch. Specifically, the degree of T2 weighting 226 
may have differed between conventional 2D and 3D pulse sequences. Inversion time for FLAIR 227 

has also been shown to influence T2-FLAIR mismatch detection.29 Methods of IDH testing were 228 
institution-dependent, genomic sequencing was unavailable for all cases, and some noncanonical 229 

IDH mutations may have not been identified. 230 

CONCLUSION 231 

Partial T2-FLAIR mismatch is a highly specific and clinically practical imaging sign for IDH 232 

mutation status in WHO grade 4 gliomas.   233 

REFERENCES 234 

1. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO Classification of Tumors of the 235 

Central Nervous System: a summary. Neuro Oncol. 2021; 23(8):1231-1251. 236 
2. Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human 237 

glioblastoma multiforme. Science. 2008; 321(5897):1807-1812. 238 



7 

 

3. Beiko J, Suki D, Hess KR, et al. IDH1 mutant malignant astrocytomas are more 239 
amenable to surgical resection and have a survival benefit associated with maximal 240 

surgical resection. Neuro Oncol. 2014; 16(1):81-91. 241 
4. Patel SH, Poisson LM, Brat DJ, et al. T2-FLAIR Mismatch, an Imaging Biomarker for 242 

IDH and 1p/19q Status in Lower-grade Gliomas: A TCGA/TCIA Project. Clin Cancer 243 

Res. 2017; 23(20):6078-6085. 244 
5. Broen MPG, Smits M, Wijnenga MMJ, et al. The T2-FLAIR mismatch sign as an 245 

imaging marker for non-enhancing IDH-mutant, 1p/19q-intact lower-grade glioma: a 246 
validation study. Neuro Oncol. 2018; 20(10):1393-1399. 247 

6. Jain R, Johnson DR, Patel SH, et al. "Real world" use of a highly reliable imaging sign: 248 

"T2-FLAIR mismatch" for identification of IDH mutant astrocytomas. Neuro Oncol. 249 
2020; 22(7):936-943. 250 

7. Do YA, Cho SJ, Choi BS, et al. Predictive accuracy of T2-FLAIR mismatch sign for the 251 
IDH-mutant, 1p/19q noncodeleted low-grade glioma: An updated systematic review and 252 

meta-analysis. Neurooncol Adv. 2022; 4(1):vdac010. 253 

8. Han Z, Chen Q, Zhang L, et al. Radiogenomic association between the T2-FLAIR 254 
mismatch sign and IDH mutation status in adult patients with lower-grade gliomas: an 255 

updated systematic review and meta-analysis. Eur Radiol. 2022. 256 
9. Foltyn M, Nieto Taborda KN, Neuberger U, et al. T2/FLAIR-mismatch sign for 257 

noninvasive detection of IDH-mutant 1p/19q non-codeleted gliomas: validity and 258 

pathophysiology. Neurooncol Adv. 2020; 2(1):vdaa004. 259 
10. Patel SH, Batchala PP, Muttikkal TJE, et al. Fluid attenuation in non-contrast-enhancing 260 

tumor (nCET): an MRI Marker for Isocitrate Dehydrogenase (IDH) mutation in 261 
Glioblastoma. J Neurooncol. 2021; 152(3):523-531. 262 

11. Davatzikos C, Barnholtz-Sloan JS, Bakas S, et al. AI-based prognostic imaging 263 

biomarkers for precision neuro-oncology: the ReSPOND consortium. Neuro Oncol. 264 
2020; 22(6):886-888. 265 

12. Menze BH, Jakab A, Bauer S, et al. The Multimodal Brain Tumor Image Segmentation 266 
Benchmark (BRATS). IEEE Trans Med Imaging. 2015; 34(10):1993-2024. 267 

13. Pati S, Baid U, Edwards B, et al. Federated learning enables big data for rare cancer 268 

boundary detection. Nat Commun. 2022; 13(1):7346. 269 
14. Rohlfing T, Zahr NM, Sullivan EV, Pfefferbaum A. The SRI24 multichannel atlas of 270 

normal adult human brain structure. Hum Brain Mapp. 2010; 31(5):798-819. 271 
15. Lasocki A, Gaillard F. Non-Contrast-Enhancing Tumor: A New Frontier in Glioblastoma 272 

Research. AJNR Am J Neuroradiol. 2019; 40(5):758-765. 273 

16. VASARI Research Project.  274 
https://wiki.cancerimagingarchive.net/display/Public/VASARI+Research+Project. 275 

Accessed 8/17/2022. 276 
17. Chang K, Bai HX, Zhou H, et al. Residual Convolutional Neural Network for the 277 

Determination of IDH Status in Low- and High-Grade Gliomas from MR Imaging. Clin 278 

Cancer Res. 2018; 24(5):1073-1081. 279 
18. Choi YS, Bae S, Chang JH, et al. Fully automated hybrid approach to predict the IDH 280 

mutation status of gliomas via deep learning and radiomics. Neuro Oncol. 2021; 281 
23(2):304-313. 282 

https://wiki.cancerimagingarchive.net/display/Public/VASARI+Research+Project


8 

 

19. Jian A, Jang K, Manuguerra M, Liu S, Magnussen J, Di Ieva A. Machine Learning for the 283 
Prediction of Molecular Markers in Glioma on Magnetic Resonance Imaging: A 284 

Systematic Review and Meta-Analysis. Neurosurgery. 2021; 89(1):31-44. 285 
20. Calabrese E, Rudie JD, Rauschecker AM, et al. Combining radiomics and deep 286 

convolutional neural network features from preoperative MRI for predicting clinically 287 

relevant genetic biomarkers in glioblastoma. Neurooncol Adv. 2022; 4(1):vdac060. 288 
21. Mohammed S, Ravikumar V, Warner E, et al. Quantifying T2-FLAIR Mismatch Using 289 

Geographically Weighted Regression and Predicting Molecular Status in Lower-Grade 290 
Gliomas. AJNR Am J Neuroradiol. 2022; 43(1):33-39. 291 

22. Pope WBS, J.; Perlina, A.; Villablanca, J.P.; Mischel, P.S.; Cloughesy, T.F. MR Imaging 292 

Correlates of Survival in Patients with High-Grade Gliomas. AJNR Am J Neuroradiol. 293 
2005; 26:2466-2474. 294 

23. Lasocki A, Gaillard F, Tacey M, Drummond K, Stuckey S. Incidence and prognostic 295 
significance of non-enhancing cortical signal abnormality in glioblastoma. J Med 296 

Imaging Radiat Oncol. 2016; 60(1):66-73. 297 

24. Carrillo JA, Lai A, Nghiemphu PL, et al. Relationship between tumor enhancement, 298 
edema, IDH1 mutational status, MGMT promoter methylation, and survival in 299 

glioblastoma. AJNR Am J Neuroradiol. 2012; 33(7):1349-1355. 300 
25. Han S, Liu Y, Cai SJ, et al. IDH mutation in glioma: molecular mechanisms and potential 301 

therapeutic targets. Br J Cancer. 2020; 122(11):1580-1589. 302 

26. Deguchi S, Oishi T, Mitsuya K, et al. Clinicopathological analysis of T2-FLAIR 303 
mismatch sign in lower-grade gliomas. Sci Rep. 2020; 10(1):10113. 304 

27. Suh CH, Kim HS, Jung SC, Choi CG, Kim SJ. Clinically Relevant Imaging Features for 305 
MGMT Promoter Methylation in Multiple Glioblastoma Studies: A Systematic Review 306 

and Meta-Analysis. AJNR Am J Neuroradiol. 2018; 39(8):1439-1445. 307 

28. Yogananda CGB, Shah BR, Nalawade SS, et al. MRI-Based Deep-Learning Method for 308 
Determining Glioma MGMT Promoter Methylation Status. AJNR Am J Neuroradiol. 309 

2021; 42(5):845-852. 310 
29. Kinoshita M, Arita H, Takahashi M, et al. Impact of Inversion Time for FLAIR 311 

Acquisition on the T2-FLAIR Mismatch Detectability for IDH-Mutant, Non-CODEL 312 

Astrocytomas. Front Oncol. 2020; 10:596448. 313 

 314 

  315 



9 

 

TABLES 316 

Table 1. Comparison of demographic and imaging variables by IDH mutation status.  317 

Variable IDH-mutant IDH-wildtype P-value 

N 121 2044  

Female 46 (38.0%) 841 (41.1%)  

Age (years), mean±SD 

[min, max] 

41.4±13.2 [19, 79] 61.9±11.8 [18, 94] <0.001 

Partial T2-FLAIR 

mismatch 

32 (26.4%) 8 (0.4%) <0.001 

Centered in frontal lobe 74 (61.2%) 621 (30.4%) <0.001 

Multifocal 17 (14.0%) 391 (19.1%) 0.189 

Multicentric 4 (3.3%) 194 (9.5%) 0.022 

Cystic component 24 (19.8%) 44 (2.2%) <0.001 

Non-enhancing solid 

component 
62 (51.2%) 151 (7.4%) <0.001 

 318 
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Table 2. Multivariate logistic regression for prediction of IDH mutation status.  320 

Variable Odds Ratio 95% Confidence 

Interval 

P-value 

Age 0.911 [0.895, 0.927] <0.001 

Partial T2-FLAIR 

mismatch 

5.715 [1.896, 17.221] 0.002 

Centered in frontal lobe 3.842 [2.361, 6.251] <0.001 

Multifocal 0.839 [0.439, 1.602] 0.595 

Multicentric 0.173 [0.049, 0.612] 0.007 

Cystic component 6.596 [3.023, 14.391] <0.001 

Non-enhancing solid 

component 

6.069 [3.371, 10.928] <0.001 

 321 

Table 3. Multivariate Cox proportional hazards model for overall survival prediction (n=1915).  322 

Variable Hazard Ratio 95% Confidence 

Interval 

P-value 

Age 1.021 [1.016, 1.025] <0.001 

IDH mutation 0.798 [0.614, 1.038] 0.092 

Partial T2-FLAIR 

mismatch 
1.263 [0.823, 1.940] 0.286 

Centered in frontal lobe 1.141 [1.035, 1.258] 0.008 

Multifocal 1.308 [1.164, 1.470] <0.001 

Multicentric 1.418 [1.204, 1.671] <0.001 

Cystic component 0.735 [0.562, 0.961] 0.024 

Non-enhancing solid 

component 

0.763 [0.637, 0.913] 0.003 

 323 
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FIGURE CAPTIONS 325 

Figure 1. Partial T2-FLAIR mismatch sign in IDH-mutant cases with T2-weighted (A, D, G), 326 

FLAIR (B, E, H), and postcontrast T1-weighted images (C, F, I). Each case has T2-hyperintense 327 

signal corresponding to FLAIR-hypointense signal in non-enhancing portions of the tumors. 328 

Figure 2. A cystic component (arrow) coexists in an IDH-mutant tumor with partial T2-FLAIR 329 

mismatch with T2-weighted (A), FLAIR (B), and postcontrast T1-weighted images (C). 330 

Figure 3. A non-enhancing solid component that does not meet the criteria for partial T2-FLAIR 331 

mismatch extends to the right frontal cortical gray matter anteriorly (arrow) in an IDH-mutant 332 

case on T2-weighted (A), FLAIR (B), and postcontrast T1-weighted images (C). 333 

Figure 4. Complete T2-FLAIR mismatch sign in a 25-year-old patient with a left frontoparietal 334 
IDH-mutant WHO grade 4 astrocytoma that shows homogeneous T2-hyperintense signal (A), 335 

FLAIR suppression except for a thin hyperintense rim (B), and no enhancement on postcontrast 336 

T1-weighted images (C). 337 


