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Background and Purpose

Gliomas are one of the most common tumors in the central nervous system. This study aimed to explore the correlation between MRI morphological characteristics, apparent diffusion coefficient (ADC) parameters and pathological grades, as well as IDH gene phenotypes of gliomas.



Methods

Preoperative MRI data from 166 glioma patients with pathological confirmation were retrospectively analyzed to compare the differences of MRI characteristics and ADC parameters between the low-grade and high-grade gliomas (LGGs vs. HGGs), IDH mutant and wild-type gliomas (IDHmut vs. IDHwt). Multivariate models were constructed to predict the pathological grades and IDH gene phenotypes of gliomas and the performance was assessed by the receiver operating characteristic (ROC) analysis.



Results

Two multivariable logistic regression models were developed by incorporating age, ADC parameters, and MRI morphological characteristics to predict pathological grades, and IDH gene phenotypes of gliomas, respectively. The Noninvasive Grading Model classified tumor grades with areas under the ROC curve (AUROC) of 0.934 (95% CI=0.895-0.973), sensitivity of 91.2%, and specificity of 78.6%. The Noninvasive IDH Genotyping Model differentiated IDH types with an AUROC of 0.857 (95% CI=0.787-0.926), sensitivity of 88.2%, and specificity of 63.8%.



Conclusion

MRI features were correlated with glioma grades and IDH mutation status. Multivariable logistic regression models combined with MRI morphological characteristics and ADC parameters may provide a noninvasive and preoperative approach to predict glioma grades and IDH mutation status.
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Introduction

Glioma is the most common primary tumor in the central nervous system. Clinically, glioma is usually divided into low-grade gliomas (LGGs) and high-grade gliomas (HGGs) based on the histopathological assessment. LGGs are well-differentiated, while HGGs are poorly differentiated and have a relatively poor prognosis (1–3). In recent years, more and more studies have shown that traditional histopathological grading of glioma has certain limitations due to the remarkable heterogeneity of tumors. For example, some LGGs overlap genetically with primary glioblastoma and show similar rapid disease progression (4, 5). It is difficult to distinguish them just by evaluating proliferation markers and cell morphology (6).

The 2016 World Health Organization (WHO) Classification of Tumors of the Central Nervous System officially listed molecular detection results as one of the important diagnostic bases for glioma classification for the first time (7), and the newly released 2021 guidance (WHO CNS5) emphasized the diagnostic value of molecular diagnosis for glioma subgroup (8). This substantial change has been achieved by further advancing the role of molecular diagnosis in the classification of CNS tumors, but still relying on other established methods for diagnosis of tumor characteristics including histology and immunohistochemistry. Isocitrate dehydrogenase (IDH) is a common molecular marker in glioma and is frequently used for predicting prognosis. Prior studies have shown that the prognosis of IDH-mutant gliomas is better than IDH-wild type gliomas (9, 10). This genetic grouping serves an important clinical indicator of stratifying tumors with differential susceptibility to adjuvant treatment. The biological similarities between some LGGs and glioblastomas make it critical to identify glioblastomas and separate them from more favorable IDH-mutant entities (11).

Unfortunately, preoperative distinction between different glioma grades and subtypes remains challenging with insufficient sensitivity and specificity. In addition, in the cases that gliomas at certain specific sites cannot be resected or punctured, or in patients who cannot undergo surgery due to age or other problems, the method based on image analysis can be used as a supplementary diagnostic tool for molecular classification of gliomas, and thus may have great potential value in treatment decisions (12). Magnetic resonance imaging (MRI) has been demonstrated a promising approach to non-invasively distinguish various tumor entities (13, 14).

MRI is also the preferred imaging method for glioma. Morphological characteristics and enhancement pattern of gliomas can be obtained by conventional MRI. Prior studies have shown that gliomas with different grades and IDH mutation status have differences in lesion properties such as location, internal signal and enhancement patterns (15, 16). Several imaging biomarkers contribute to the diagnosis of molecular subtypes of gliomas. Such as, T2-FLAIR mismatch (T2FM), which is a sign demonstrated a specificity of almost 100% for IDH mutant astrocytoma in recent studies (17, 18). However, morphological indicators are difficult to be quantified, so it cannot predict glioma grades and molecular subtypes accurately. Diffusion-weighted imaging (DWI) is an important sequence of MRI and serve for the identification and differential diagnosis in a broad spectrum of cancers (19). The assessment of cancers using DWI is based on the assumption that free water motion in tissues diminishes with growing tumor cellularity (20). The calculation of apparent diffusion coefficient (ADC) maps from DWI (at least with two b values) is a fast and straightforward procedure that can support grading and have shown the capability for IDH typing in gliomas (21–23). However, it is often difficult to identify the grades or even molecular subtypes of gliomas with single indicators obtained only by conventional MRI sequences. Few studies have combined MRI morphological features and ADC values to predict glioma grades and IDH mutation status. Additionally, consideration of patient age may help diagnosis because it has been shown that IDH-wild type gliomas are more common in older patients (11).

The purpose of our study was to explore the correlation between MRI morphological characteristics, ADC parameters and glioma grades, IDH mutation status. The developed multivariate predictive models may provide a new strategy for the formulation of glioma treatment, follow-up plan and prognosis evaluation.



Materials and Methods


Patient Selection

A total of 166 glioma patients admitted to our hospital from 2016 to 2020 were selected, including 92 males and 74 females, aged from 14 to 85 years old, with a median age of 53 years old. There were 43 cases in LGGs (12 cases in grade I, 31 cases in grade II), 123 cases in HGGs (18 cases in grade III, 105 cases in grade IV). There were 48 IDH-mutant cases and 112 IDH-wild type cases. Inclusion criteria: (1) Meet the diagnostic criteria of glioma; (2) All patients underwent surgical treatment and obtained postoperative pathological results and molecular diagnosis results. (3) The patients underwent preoperative MRI examination with complete data. Exclusion criteria: (1) Receiving conservative treatment; (2) MRI imaging quality was poor and cannot be studied and analyzed; (3) Complicated with other neurological diseases, such as cerebral infarction, cerebral hemorrhage. All patients signed informed consent before the enhanced MRI examination according to the hospital regulations. This retrospective study was exempted from ethical review.



MRI Parameters

MR images were acquired with a 3.0-T MRI scanner (MAGNETOM Prisma; Siemens Healthineers, Erlangen, Germany). The MRI protocols for brain tumor at our hospital included T2-weighted, T2-weighted fluid-attenuated inversion recovery (FLAIR), T1-weighted sequences before and after administration of a gadolinium-based contrast agent and DWI. The parameters of MRI scanning are attached in Supplementary Material. Gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) as injected via the cubital vein mass with a high-pressure syringe at a dose of 0.1 mmol per kilogram of body weight and a flow rate of 5 mL/s. Enhanced T1W scanning was performed at axial, coronal, and sagittal positions.

The ADC map is created by dividing the signal from the trace-DWI image by the signal from each corresponding point in the b0 image and taking logarithms:

	

Where ADC stands for apparent diffusion coefficient, b0 = 0 s/mm2 and b1 = 1000 s/mm2, Sb0 and Sb1 are the signal intensities of each image at b0 and b1. ADC maps are mathematically calculated using the inline technique, as the pure display of consolidated ADC values.

To ensure high-quality ADC maps, the DWI sequence was optimized to maximize signal noise ratio (SNR) and reduce artifacts that may be caused by motion, B0 inhomogeneity, chemical shifts, Nyquist ghosting, susceptibility effects, and noise amplification. Eddy current of the diffusion-encoding gradient was minimized by using a twice-refocused bipolar diffusion preparation. In order to get the ideal ADC map, the noise level was set to 40, as recommended by the equipment manufacturer. Correspondingly, we can get the ADC values from the ADC map by drawing regions of interest (ROIs).



Image Analysis

Two radiologists with more than 10 years of experience in radiology independently reviewed the MR images. The disagreements were resolved through consultation. The morphological signs of MRI were observed, including (1) hemorrhage; (2) cystic lesion; (3) tumor boundary, including clear or blur; (4) peritumoral edema, including no edema, mild edema (the longest diameter of edema < the longest diameter of the tumor), severe edema (the longest diameter of edema ≥ the longest diameter of the tumor); (5) enhancement pattern, including no enhancement, patchy enhancement and rim enhancement; and (6) distribution of lesions, which were divided into the single lobe, trans-lobe growth with corpus callosum involvement, trans-lobe growth with insula involvement, trans-lobe growth (neither corpus callosum involvement nor insula involvement), thalamus or brain stem.

In this study, ADC values and derived parameters were measured at Syngo. Via workstation (Siemens healthineers, Erlangen, Germany), including (1) Minimum apparent diffusion coefficient (ADCmin): Three different 20-30 mm2 ROIs) of visually lowest ADC values were outlined in each tumor, and the average value was ADCmin. (2) Mean apparent diffusion coefficient (ADCmean): The ROI is plotted as large as possible on the largest layer of tumor transverse axis entity components, avoiding necrosis, cystic degeneration, calcification, vessels, etc., and the ADC value is measured as ADCmean. (3) Map ROI in the contralateral hemispherical center of the normal white matter and measure ADC (ADCnawm). ADCmin/ADCnawm was denoted as rADCmin (relative ADCmin). (4) ADCmean/ADCnawm was denoted as rADCmean (relative ADCmean). The average values of the above parameters measured by 2 physicians were obtained. ADC ROI is outlined in Figure 1.




Figure 1 | Schematic diagram of ADC measurement. (A) T2W axial map of IDH-wild type glioblastoma of the right temporal lobe. (B–D) ADC diagram ROI delineates sketch. ADCmin (ROI of 3 lowest visual ADC values for each patient, red circle), ADCmean (maximum cross-section of axial solid tumor, blue circle), and ADCnawm (contralateral hemisphere centrum semiovale normal appearing white matter, yellow circle).





Histopathologic Analysis

All tissue specimens were fixed into paraffin blocks and analyzed in the Pathology Department of our hospital. The tumors were classified into grade I, II, III and IV, according to 2016 WHO Classification of Tumors of the Central Nervous System (glioma-related classification and grading). The IDH mutation status of tumor specimens were detected by immunohistochemical examination and determined according to the combination of the specimen with the monoclonal antibody that can detect IDH1 gene R132H point mutation in glioma. Positive IDH1 expression was defined as IDH-mutant group, and negative IDH1 expression was defined as IDH-wild type group.



Statistical Analysis

The statistical analysis was conducted using SPSS 22.0. The Shapiro-Wilk test was carried out to test the normality of continuous variables. Since all continuous variables in this study were normally distributed, they were described as mean ± standard deviations (SDs) and compared by Student’s t-test. The categorical variables were described by number and percentage (%) and compared by Chi-square tests. For the dependent variables of dichotomies or disordered multiclassification, Pearsonχ2 test or exact probability method was used to compare the differences between the two groups, including the Holm-Bonferroni correction of multiple tests. Wilcoxon rank-sum test was used to compare the difference between the two groups for the ordered multi-classification dependent variable (degree of peritumoral edema). The receiver-operating characteristic curve (ROC) analysis was performed to evaluate the diagnostic performance of the developed models. Variables with P < 0.05 in the univariate analysis were included in multivariate logistic regression analysis and model construction. P < 0.05 indicated that the difference was statistically significant.




Results


Patient Demographics

A total of 166 patients were included in the analysis. There was no gender difference between low-grade and high-grade glioma patients (P = 0.172). The age of high-grade glioma patients (55.5 ± 14.5) was higher than that of low-grade glioma group (38.6 ± 12.8) (P < 0.05). IDH mutation was more common in LGGs than that in the HGGs (48.8% vs. 23.5%) (P < 0.05) (Table 1).


Table 1 | Demographics of the study population.





Comparison of MRI Morphological Characteristics Between LGGs Group and HGGs Group

Compared with LGGs, HGGs were more prone to have hemorrhage (P < 0.01) and cystic lesion (P < 0.05) (Table 2). In addition, the peritumoral edema was more severe (P < 0.001), and tumor boundaries were less clear (P < 0.01) in HGGs than those in LGGs. In terms of enhancement pattern, HGGs were more likely to show rim enhancement, while LGGs were more likely to show no obvious enhancement (P < 0.001). Regarding the distribution of lesions, a single lobe (41.9%) was more frequently to be observed in LGGs, while HGGs were more likely to show cross-lobe growth (66.6%) with corpus callosum and insula. There were significant differences in the distribution and location of lesions between two different grades of gliomas (P < 0.001) (Table 2).


Table 2 | Comparison of MRI morphological characteristics of LGGs and HGGs.





Comparison of Morphological Characteristics Between IDH-Mutant Group and IDH-Wild Type Group

There were no significant differences between IDH-mutant gliomas and IDH-wild type gliomas in hemorrhage, cystic lesion, peritumoral edema and tumor boundary (All P > 0.05) (Table 3). In terms of enhancement pattern, IDH-wild type gliomas were more likely to be characterized by rim enhancement, while IDH mutant gliomas were more likely to be characterized by no obvious enhancement (P < 0.001). There were significant differences in the distribution of lesions between gliomas patients with and without IDH mutation (P < 0.01). Compared with IDH-wild type gliomas, IDH-mutant gliomas were more likely to be associated with insula involvement (P < 0.001). IDH-mutant cases tended to have one lobe, and the lesions were mostly located in the frontal lobe (11/15, 73.3%) (Table 3). The representative MRI features and pathological characteristics of gliomas of different IDH molecular subtypes at different grades are shown in Figures 2–5.


Table 3 | Comparison of MRI morphological characteristics between IDH-mutant and IDH-wild type gliomas.






Figure 2 | A 28-year-old male patient with left frontal oligodendroglioma, WHO grade II, IDH-mutant type. (A–C) MRI axial T2W, T1W, and T2-FLAIR sequences showed clear tumor boundary, no cystic lesion, no hemorrhage, and no obvious edema around the tumor. (D) T1 postcontrast showed no obvious enhancement. (E, F) When b value was 1000, tumor was unrestricted diffusion in DWI and ADC images. (G) HE staining showed moderate increase in cell density, a small amount of nuclear atypia and loose background (×200). (H) IDH1 positive expression (×200).






Figure 3 | A 21-year-old female patient with right frontoparietal temporal lobe pilocytic astrocytoma, WHO grade I, IDH-wild type. (A–C) MRI axial T2W, T1W, T2-FLAIR sequences showed clear tumor boundary, no hemorrhage, and severe edema around the tumor. (D) T1 postcontrast showed thin wall ring enhancement. (E, F) When b value was 1000, tumor was unrestricted diffusion in DWI and ADC images. (G) HE staining showed moderate cell density with oligodendrocyte like changes and a focal myxoid background (×200). (H) IDH1 negative expression (×200).






Figure 4 | A 43-year-old female patient with left frontal anaplastic astrocytoma, WHO grade III, IDH-mutant type. (A–C)MRI axial T2W, T1W, T2-FLAIR sequences showed clear tumor boundary, slightly uneven internal signal and no peritumor edema. (D) T1 postcontrast showed no obvious enhancement. (E, F) When b value is 1000, tumor was locally and slightly restricted diffusion in DWI and ADC images. (G) HE staining showed moderate to severe increase in cell density, accompanied by nuclear atypia and mitotic images (×200). (H) IDH1 positive expression (×200).






Figure 5 | A 62-year-old male patient with glioblastoma of the right fronto-parietal lobe with corpus callosum involvement, WHO grade IV, IDH-wild type. (A–C) MRI axial T2W, T1W, T2-FLAIR sequences showed multiple cystic lesions within the tumor, with uneven signals and severe peritumor edema. (D) T1 postcontrast showed obvious irregular and thick rim enhancement. (E, F) When b value is 1000, tumor was locally obvious restricted diffusion in DWI and ADC images. (G) HE staining showed increased cell density and marked atypia, accompanied by extensive necrosis (×200). (H) IDH1 negative expression (×200).





Comparison of ADC Values and Derived Parameters Between LGGs Group and HGGs Group

ADCmin, ADCmean, rADCmin and rADCmean of HGGs were significantly lower than those of LGGs (All P < 0.001) (Table 4). ROC curve analysis was then performed to differentiate LGGs from HGGs using ADC indicators (Figure 6). It was found that the diagnostic efficiency of rADCmin was higher than that of ADCmin, and rADCmean was higher than that of ADCmean. Among four different ADC parameters measured, rADCmin had the highest diagnostic efficiency in differentiating LGGs from HGGs, with an AUROC of 0.775 (95% CI=0.695-0.856), the diagnostic optimal cut-off value of 1.26×10-3 mm2/s, the sensitivity of 62.79%, specificity of 80.49%, and Yuden index of 0.443 (Table 4).


Table 4 | Comparison and ROC curve analysis of ADC parameters between LGGs and HGGs.






Figure 6 | ROC curves of ADC indicators and combined predictors for differentiating LGGs from HGGs.





Comparison of ADC Values and Derivative Parameters Between IDH-Mutant Group and IDH-Wild Type Group

The ADCmin, ADCmean, rADCmin and rADCmean of IDH-wild type gliomas were significantly lower than those of IDH-mutant gliomas, and the differences were statistically significant (P < 0.05) (Table 5). The diagnostic performance of ADC parameters for distinguishing gliomas patients with and without IDH mutation was then evaluated by the ROC analysis (Figure 7). Analysis showed that the diagnostic efficiency of rADCmin was higher than that of ADCmin, and rADCmean was higher than that of ADCmean. Similar to the differentiation of glioma grades, rADCmin had the highest diagnostic efficiency in differentiating IDH-mutant gliomas from IDH-wild type gliomas, with the diagnostic optimal cut-off value of 1.14×10-3 mm2/s, an AUROCC of 0.656 (95% CI=0.566-0.746), the sensitivity of 62.5%, specificity of 66.96%, and Yoden index of 0.295 (Table 5).


Table 5 | Comparison and ROC curve analysis of ADC parameters between IDHmut and IDHwt gliomas.






Figure 7 | ROC curves of ADC indicators and combined predictors for distinguishing IDH mutants from IDH-wild type gliomas.





Multivariate Logistic Regression Analysis

We next tested the multivariate models by combining all the above significant factors. Age was divided into two groups: < 60 years old and ≥ 60 years old. Relative ADC parameters (rADCmean and rADCmin) were divided into two groups according to the optimal cut-off value in single factor analysis. The Noninvasive Grading Model for predicting glioma grades included age, rADCmean, rADCmin, cystic lesion, hemorrhage, tumor boundary, peritumoral edema, lesion distribution and enhancement pattern. And the predictor factor 1 (pre1) were generated. The Noninvasive IDH Genotyping Model for predicting glioma IDH mutation status generated pre2, containing age, rADCmean, and rADCmin, lesion distribution and enhancement pattern.

We found that age (≥ 60 years), rADCmin (< 1.26×10-3 mm2/s), rim enhancement, and lesion distribution (thalamus or brainstem) were independent risk factors for predicting HGGs (Table 6). Age (≥ 60 years), rim enhancement, and lesion distribution (trans-lobe growth with corpus callosum involvement) were independent risk factors for IDH-wild type gliomas (Table 7). The accuracy of the multivariate logistic regression model combining age, morphological characteristics and ADC parameters in predicting glioma grades and IDH mutation status was improved compared with that of a single indicator (Figures 6, 7). The Noninvasive Grading Model showed an AUROC of 0.934 (95% CI=0.895-0.973), a sensitivity of 91.2%, and a specificity of 78.6% in differentiating HGGs from LGGs. The AUROC of the Noninvasive IDH Genotyping Model was 0.857 (95% CI=0.787-0.926), with a sensitivity of 88.2% and specificity of 63.8% (Table 8).


Table 6 | Multivariate logistic regression analysis of glioma grades.




Table 7 | Multivariate logistic regression analysis of IDH status of glioma.




Table 8 | Diagnostic efficiency of multivariate Logistic regression model.






Discussion

The malignancy of glioma determines the choice of the surgical treatment plan and the prognosis of patients. The higher the tumor grade is, the worse the prognosis is. However, a single histopathological grade often has limitations. As in WHO grade IV glioblastoma, the degree of malignancy and prognosis may be different with different IDH gene types. WHO CNS5 in 2021 introduces a series of molecular diagnostic indicators on the basis of histological diagnosis, forming an integrated diagnosis and hierarchical reporting system, and defining multiple tumor types and subtypes (8). IDH gene family is still an important molecular marker of adult diffuse glioma. But something has changed. Previously, glioblastoma was diagnosed based on histological findings of microvascular proliferation and/or necrosis, including IDH mutations (10%) and IDH wild-type tumors (90%). In WHO CNS5, glioblastoma will contain only IDH wild-type tumors. IDH is a key rate-limiting enzyme of the tricarboxylic acid cycle (TCA), and IDH gene mutation in most gliomas occurs at the R132H site of IDH1 (24). Studies have shown that IDH mutation is an early event of glioma formation and has an important impact on glioma progression and tumor behavior (25). The clinical outcome of the IDH-mutant group is often better than that of the IDH-wild type group (26), and the IDH-wild type group is more aggressive, similar to the biological behavior of glioblastoma (17). Histopathological and immunohistochemical analysis is the final criteria for grade diagnosis and molecular subtype diagnosis of glioma, but there are the following limitations: (1) Internal heterogeneity and sampling bias of glioma may lead to errors in pathological results (27, 28). (2) The delayed diagnosis is not conducive to the formulation of surgical plan and the selection of preoperative treatment plan. (3) Some patients obtain pathological results by biopsy before surgery, but this is an invasive procedure, which may induce cerebral hemorrhage, epilepsy and other complications and increase the risk of iatrogenic injury (29, 30). MRI examination is an important auxiliary diagnostic method for glioma. MRI manifestations of glioma with different grades and IDH mutation status also have their characteristics. MRI can provide rich information for the diagnosis and prognosis evaluation of glioma. In this study, we successfully developed two noninvasive models by combing multiple new MRI features to distinguish low- and high-grade gliomas as well as with and without IDH mutation. These multivariate models led to a better predictive performance for glioma severity and IDH mutation than the single predictor.

In addition to IDH, many other molecular markers of glioma have been studied more and more in recent years, such as 1p/19q co-deletion, MGMT promoter methylation, TP53 mutation, EGFR amplification, etc. (31). These molecular markers have been confirmed to be related to the prognosis and treatment response in glioma patients. And in the fifth edition of the guidelines (WHO CNS5), glioblastoma, IDH-wildtype should be diagnosed in the setting of an IDH-wildtype diffuse and astrocytic glioma in adults if there is microvascular proliferation or necrosis or TERT promoter mutation or EGFR gene amplification or +7/-10 chromosome copy (8). Therefore, the importance of molecular markers for the diagnosis of glioma has once again attracted strong attention. However, it is difficult to predict the molecular subtypes of glioma with high accuracy by conventional MRI technology and general image post-processing simply. In recent years, classical machine learning approaches and deep learning approaches have shown the ability to identify the predictive features and to perform the actual prediction (32). Deep learning technology achieving performance that exceeds humans in the identification of content in images. So it can see the unseeable to predict molecular markers from MRI of brain gliomas. It is believed that a more reliable model can be used to better identify molecular markers of glioma through the combination of MRI and machine learning in the future.

Aging is usually associated with a poor prognosis of glioma. Consistent with the recent study, in our study, we found that high-grade glioma patients were older than patients with low-grade glioma (33). We further showed that age ≥ 60 years was an independent risk factor for predicting HGGs and IDH-wild type gliomas. A previous study reported that IDH-wild type gliomas are more common in elderly patients (34). We also found that the age of IDH-wild type gliomas was higher than that of IDH-mutant gliomas.

MRI morphological characteristics of gliomas with different grades and IDH mutation status may differ greatly. In this study, HGGs are more prone to cystic lesions and hemorrhage, which may be related to the high microvascular density and strong invasiveness of HGGs. We did not observe significant difference between IDH-mutant gliomas and IDH-wild type gliomas in terms of the cystic lesion, hemorrhage and peritumoral edema. However, Lasocki et al. showed that the proportion of edema was statistically significant between IDH-mutant gliomas and IDH-wild type gliomas. All five IDH-mutant patients had an edema rate of 5-33%, whereas most IDH-wild type patients had an edema rate of > 33% (44% of IDH-wild type patients had an edema rate of 34-67% and 14% had an edema rate of 68-95%) (35). The differences may be related to the subjective classification of the degree of edema and the selection bias of the enrolled cases.

The enhancement of glioma mainly depends on the degree of damage to the blood-brain barrier. The contrast agent retention in abnormal angiogenesis thus produces characteristic enhanced images (36). Therefore, MRI enhancement features are of high value for the judgment of the malignant degree of gliomas. In this study, most HGGs and IDH-wild type gliomas showed rim enhancement, while most LGGs and IDH-mutant gliomas showed hypovascular, which is basically consistent with previous literature reports (3, 11). Lasocki et al. suggested that unenhanced tumor volume > 33% was associated with IDH-mutant glioblastoma (35). Tumor location and distribution of lesions are one of the important factors affecting the prognosis of glioma patients. In this study, it was found that LGGs are more common to involve a single lobe, while HGGs are more common to involve multiple lobes, and more likely to involve corpus callosum and insula. The differences in the distribution of lesions in gliomas with different IDH mutation status have also been reported in previous literature. Nakae et al. showed that tumor location in the unilateral frontal lobe was highly correlated with IDH-mutant gliomas (P < 0.001) (37). Goze et al. found that 100% of LGGs with insula centers were IDH mutants (38). In our study, we also showed that compared with IDH-wild type gliomas, IDH-mutant gliomas were more likely to be associated with insula involvement, and frontal lobe involvement was more common in cases involving the single lobe.

A meta-analysis showed that ADC was significantly negatively correlated with the number of tumor cells in gliomas (39). The results of our study are consistent with previous studies, and the four ADC parameters of HGGs are lower than those of LGGs. The white matter cell substructure of HGGs was greatly damaged, and the diffusion of water molecules was limited. Therefore, In DWI imaging, HGGs showed higher signals, and LGGs showed lower signals. And accordingly, HGGs had lower ADC values (40, 41). In addition, The ADC value of IDH-wild type gliomas was significantly lower than that of IDH-mutant gliomas (13, 22, 23), which was consistent with the results obtained in this study. Patel et al. noted that histologically observed microcysts tended to increase in IDH mutant LGG cases, which could explain the higher ADC values in these cases, but the pathophysiological mechanism needed to be further elucidated (17).

In this study, we demonstrated the effectiveness of the combination of ADC parameters and MRI morphological features in predicting glioma grades and IDH molecular subtypes. The two multivariate logistic regression models combined with age, ADC parameters and MRI morphological qualitative parameters performed better in distinguishing the LGGs group from the HGGs group and the IDH-mutant group from the IDH-wild type group than using any single ADC value parameter alone.

However, this study also had some limitations, such as (1): This study was a single-center retrospective analysis, and the number of enrolled cases was relatively small. (2) Conventional MRI sequences and enhanced sequence were used instead of multimodality MRI imaging to obtain multi-parameter characteristics of tumors. Compared with other diffusion imaging, ADC has some limitations. (3) Subjective judgment errors may occur in the judgment of certain imaging features. For example, in some cases, it is difficult to distinguish simple vasogenic edema from non-enhanced tumors.

In conclusion, gliomas with different grades and IDH mutation status had significant differences in MRI morphology and ADC parameters. By combining age, MRI morphological characteristics and ADC value parameters, the accuracy of predicting histopathological grades and IDH molecular subtypes of glioma was greatly improved.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

All patients signed written informed consent before the enhanced MRI examination according to the regulations of Huadong Hospital, Fudan University. This retrospective study was exempted from ethical review and were conducted in accordance with the World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects.



Author Contributions

SL and XF conceived and presented idea. ND, XZ and YY collected the data. RM, WS, LX, YS and GL analyzed the data. XX provided statistical guidance. ND drafted the manuscript. All authors reviewed the manuscript, and SL made corrections to the manuscript. All authors contributed to the article and approved the submitted version.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.873839/full#supplementary-material

  

References

1. Wang, TJC, and Mehta, MP. Low-Grade Glioma Radiotherapy Treatment and Trials. Neurosurg Clin N Am (2019) 30(1):111–8. doi: 10.1016/j.nec.2018.08.008

2. Gusyatiner, O, and Hegi, ME. Glioma Epigenetics: From Subclassification to Novel Treatment Options. Semin Cancer Biol (2018) 51:50–8. doi: 10.1016/j.semcancer.2017.11.010

3. Lasocki, A, Anjari, M, Örs Kokurcan, S, and Thust, SC. Conventional MRI Features of Adult Diffuse Glioma Molecular Subtypes: A Systematic Review. Neuroradiology (2021) 63(3):353–62. doi: 10.1007/s00234-020-02532-7

4. Eckel-Passow, JE, Lachance, DH, Molinaro, AM, Walsh, KM, Decker, PA, Sicotte, H, et al. Glioma Groups Based on 1p/19q, IDH, and TERT Promoter Mutations in Tumors. N Engl J Med (2015) 372(26):2499–508. doi: 10.1056/NEJMoa1407279

5. Stichel, D, Ebrahimi, A, Reuss, D, Schrimpf, D, Ono, T, Shirahata, M, et al. Distribution of EGFR Amplification, Combined Chromosome 7 Gain and Chromosome 10 Loss, and TERT Promoter Mutation in Brain Tumors and Their Potential for the Reclassification of IDHwt Astrocytoma to Glioblastoma. Acta Neuropathol (2018) 136(5):793–803. doi: 10.1007/s00401-018-1905-0

6. Louis, DN, Perry, A, Burger, P, Ellison, DW, Reifenberger, G, von Deimling, A, et al. International Society Of Neuropathology–Haarlem Consensus Guidelines for Nervous System Tumor Classification and Grading. Brain Pathol (2014) 24(5):429–35. doi: 10.1111/bpa.12171

7. Louis, DN, Perry, A, Reifenberger, G, von Deimling, A, Figarella-Branger, D, Cavenee, WK, et al. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: A Summary. Acta Neuropathol (2016) 131(6):803–20. doi: 10.1007/s00401-016-1545-1

8. Louis, DN, Perry, A, Wesseling, P, Brat, DJ, Cree, IA, Figarella-Branger, D, et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A Summary. Neuro Oncol (2021) 23(8):1231–51. doi: 10.1093/neuonc/noab106

9. Nobusawa, S, Watanabe, T, Kleihues, P, and Ohgaki, H. IDH1 Mutations as Molecular Signature and Predictive Factor of Secondary Glioblastomas. Clin Cancer Res (2009) 15(19):6002–7. doi: 10.1158/1078-0432.Ccr-09-0715

10. Delgado-López, PD, Corrales-García, EM, Martino, J, Lastra-Aras, E, and Dueñas-Polo, MT. Diffuse Low-Grade Glioma: A Review on the New Molecular Classification, Natural History and Current Management Strategies. Clin Transl Oncol (2017) 19(8):931–44. doi: 10.1007/s12094-017-1631-4

11. Maynard, J, Okuchi, S, Wastling, S, Busaidi, AA, Almossawi, O, Mbatha, W, et al. World Health Organization Grade II/III Glioma Molecular Status: Prediction by MRI Morphologic Features and Apparent Diffusion Coefficient. Radiology (2020) 296(1):111–21. doi: 10.1148/radiol.2020191832

12. Lee, MK, Park, JE, Jo, Y, Park, SY, Kim, SJ, and Kim, HS. Advanced Imaging Parameters Improve the Prediction of Diffuse Lower-Grade Gliomas Subtype, IDH Mutant With No 1p19q Codeletion: Added Value to the T2/FLAIR Mismatch Sign. Eur Radiol (2020) 30(2):844–54. doi: 10.1007/s00330-019-06395-2

13. Zhang, L, Min, Z, Tang, M, Chen, S, Lei, X, and Zhang, X. The Utility of Diffusion MRI With Quantitative ADC Measurements for Differentiating High-Grade From Low-Grade Cerebral Gliomas: Evidence From a Meta-Analysis. J Neurol Sci (2017) 373:9–15. doi: 10.1016/j.jns.2016.12.008

14. Juratli, TA, Tummala, SS, Riedl, A, Daubner, D, Hennig, S, Penson, T, et al. Radiographic Assessment of Contrast Enhancement and T2/FLAIR Mismatch Sign in Lower Grade Gliomas: Correlation With Molecular Groups. J Neurooncol (2019) 141(2):327–35. doi: 10.1007/s11060-018-03034-6

15. Villanueva-Meyer, JE, Wood, MD, Choi, BS, Mabray, MC, Butowski, NA, Tihan, T, et al. MRI Features and IDH Mutational Status of Grade II Diffuse Gliomas: Impact on Diagnosis and Prognosis. AJR Am J Roentgenol (2018) 210(3):621–8. doi: 10.2214/ajr.17.18457

16. Song, SS, Yu, F, Yan, XT, Pu, YS, Xu, JX, and Lu, J. Value of MRI in Prediction of Glioma Isocitrate Dehydrogenase1mutation Status. Chin J Med Imaging Technol (2019) 35(11):1632–7. doi: 10.13929/J.1003-3289.201901063

17. Patel, SH, Poisson, LM, Brat, DJ, Zhou, Y, Cooper, L, Snuderl, M, et al. T2-FLAIR Mismatch, an Imaging Biomarker for IDH and 1p/19q Status in Lower-Grade Gliomas: A TCGA/TCIA Project. Clin Cancer Res (2017) 23(20):6078–85. doi: 10.1158/1078-0432.Ccr-17-0560

18. Broen, MPG, Smits, M, Wijnenga, MMJ, Dubbink, HJ, Anten, M, Schijns, O, et al. The T2-FLAIR Mismatch Sign as an Imaging Marker for non-Enhancing IDH-Mutant, 1p/19q-Intact Lower-Grade Glioma: A Validation Study. Neuro Oncol (2018) 20(10):1393–9. doi: 10.1093/neuonc/noy048

19. White, NS, McDonald, C, Farid, N, Kuperman, J, Karow, D, Schenker-Ahmed, NM, et al. Diffusion-Weighted Imaging in Cancer: Physical Foundations and Applications of Restriction Spectrum Imaging. Cancer Res (2014) 74(22):6733. doi: 10.1158/0008-5472.Can-14-2893

20. Patterson, DM, Padhani, AR, and Collins, DJ. Technology Insight: Water Diffusion MRI–a Potential New Biomarker of Response to Cancer Therapy. Nat Clin Pract Oncol (2008) 5(4):220–33. doi: 10.1038/ncponc1073

21. Leu, K, Ott, GA, Lai, A, Nghiemphu, PL, Pope, WB, Yong, WH, et al. Perfusion and Diffusion MRI Signatures in Histologic and Genetic Subtypes of WHO Grade II-III Diffuse Gliomas. J Neurooncol (2017) 134(1):177–88. doi: 10.1007/s11060-017-2506-9

22. Xing, Z, Yang, X, She, D, Lin, Y, Zhang, Y, and Cao, D. Noninvasive Assessment of IDH Mutational Status in World Health Organization Grade II and III Astrocytomas Using DWI and DSC-PWI Combined With Conventional MR Imaging. AJNR Am J Neuroradiol (2017) 38(6):1138–44. doi: 10.3174/ajnr.A5171

23. Hempel, JM, Schittenhelm, J, Brendle, C, Bender, B, Bier, G, Skardelly, M, et al. Histogram Analysis of Diffusion Kurtosis Imaging Estimates for In Vivo Assessment of 2016 WHO Glioma Grades: A Cross-Sectional Observational Study. Eur J Radiol (2017) 95:202–11. doi: 10.1016/j.ejrad.2017.08.008

24. Agarwal, S, Sharma, MC, Jha, P, Pathak, P, Suri, V, Sarkar, C, et al. Comparative Study of IDH1 Mutations in Gliomas by Immunohistochemistry and DNA Sequencing. Neuro Oncol (2013) 15(6):718–26. doi: 10.1093/neuonc/not015

25. Poetsch, L, Bronnimann, C, Loiseau, H, Frénel, JS, Siegfried, A, Seizeur, R, et al. Characteristics of IDH-Mutant Gliomas With Non-Canonical IDH Mutation. J Neurooncol (2021) 151(2):279–86. doi: 10.1007/s11060-020-03662-x

26. Nakae, S, Sasaki, H, Hayashi, S, Hattori, N, Kumon, M, Nishiyama, Y, et al. PCR-Based Simple Subgrouping Is Validated for Classification of Gliomas and Defines Negative Prognostic Copy Number Aberrations in IDH Mutant Gliomas. PloS One (2015) 10(11):e0142750. doi: 10.1371/journal.pone.0142750

27. van den Bent, MJ. Interobserver Variation of the Histopathological Diagnosis in Clinical Trials on Glioma: A Clinician's Perspective. Acta Neuropathol (2010) 120(3):297–304. doi: 10.1007/s00401-010-0725-7

28. Cahill, DP, Sloan, AE, Nahed, BV, Aldape, KD, Louis, DN, Ryken, TC, et al. The Role of Neuropathology in the Management of Patients With Diffuse Low Grade Glioma: A Systematic Review and Evidence-Based Clinical Practice Guideline. J Neurooncol (2015) 125(3):531–49. doi: 10.1007/s11060-015-1909-8

29. Jiang, B, Chaichana, K, Veeravagu, A, Chang, SD, Black, KL, and Patil, CG. Biopsy Versus Resection for the Management of Low-Grade Gliomas. Cochrane Database Syst Rev (2017) 4(4):Cd009319. doi: 10.1002/14651858.CD009319.pub3

30. Patel, KS, Carter, BS, and Chen, CC. Role of Biopsies in the Management of Intracranial Gliomas. Prog Neurol Surg (2018) 30:232–43. doi: 10.1159/000464439

31. Oltra-Sastre, M, Fuster-Garcia, E, Juan-Albarracin, J, Sáez, C, Perez-Girbes, A, Sanz-Requena, R, et al. Multi-Parametric MR Imaging Biomarkers Associated to Clinical Outcomes in Gliomas: A Systematic Review. Curr Med Imaging Rev (2019) 15(10):933–47. doi: 10.2174/1573405615666190109100503

32. Korfiatis, P, and Erickson, B. Deep Learning can See the Unseeable: Predicting Molecular Markers From MRI of Brain Gliomas. Clin Radio (2019) 74(5):367–73. doi: 10.1016/j.crad.2019.01.028

33. Zhang, G, Chen, WS, Chen, F, and Zhao, YM. Relationship Between Multimodal MRI and Pathology on Diagnosis of Grade II~IV Supratentorial Glioma. Radiol Pract (2021) 36(07):837–42. doi: 10.13609/j.cnki.1000-0313.2021.07.003

34. Zhou, H, Vallières, M, Bai, HX, Su, C, Tang, H, Oldridge, D, et al. MRI Features Predict Survival and Molecular Markers in Diffuse Lower-Grade Gliomas. Neuro Oncol (2017) 19(6):862–70. doi: 10.1093/neuonc/now256

35. Lasocki, A, Tsui, A, Gaillard, F, Tacey, M, Drummond, K, and Stuckey, S. Reliability of Noncontrast-Enhancing Tumor as a Biomarker of IDH1 Mutation Status in Glioblastoma. J Clin Neurosci (2017) 39:170–5. doi: 10.1016/j.jocn.2017.01.007

36. Alkanhal, H, Das, K, and Poptani, H. Diffusion- and Perfusion-Weighted Magnetic Resonance Imaging Methods in Nonenhancing Gliomas. World Neurosurg (2020) 141:123–30. doi: 10.1016/j.wneu.2020.05.278

37. Nakae, S, Murayama, K, Sasaki, H, Kumon, M, Nishiyama, Y, Ohba, S, et al. Prediction of Genetic Subgroups in Adult Supra Tentorial Gliomas by Pre- and Intraoperative Parameters. J Neurooncol (2017) 131(2):403–12. doi: 10.1007/s11060-016-2313-8

38. Gozé, C, Mansour, L, Rigau, V, and Duffau, H. Distinct IDH1/IDH2 Mutation Profiles in Purely Insular Versus Paralimbic WHO Grade II Gliomas. J Neurosurg (2013) 118(4):866–72. doi: 10.3171/2012.11.Jns121100

39. Chen, L, Liu, M, Bao, J, Xia, Y, Zhang, J, Zhang, L, et al. The Correlation Between Apparent Diffusion Coefficient and Tumor Cellularity in Patients: A Meta-Analysis. PloS One (2013) 8(11):e79008. doi: 10.1371/journal.pone.0079008

40. Suh, CH, Kim, HS, Jung, SC, and Kim, SJ. Diffusion-Weighted Imaging and Diffusion Tensor Imaging for Differentiating High-Grade Glioma From Solitary Brain Metastasis: A Systematic Review and Meta-Analysis. AJNR Am J Neuroradiol (2018) 39(7):1208–14. doi: 10.3174/ajnr.A5650

41. Cao, M, Suo, S, Han, X, Jin, K, Sun, Y, Wang, Y, et al. Application of a Simplified Method for Estimating Perfusion Derived From Diffusion-Weighted MR Imaging in Glioma Grading. Front Aging Neurosci (2017) 9:432. doi: 10.3389/fnagi.2017.00432




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Du, Zhou, Mao, Shu, Xiao, Ye, Xu, Shen, Lin, Fang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-873839-g006.jpg
Sensitivity

02

ROC curve

Source of curve

—— ADCmin
— ADCmean
——rADCmean
—TrADCmin
— prei
—reference

0.4 0.6 08
1 - Specificity






OEBPS/Images/fonc-12-873839-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Preoperative and Noninvasive Prediction of Gliomas Histopathological Grades and IDH Molecular Types Using Multiple MRI Characteristics

      

        		

          Background and Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patient Selection

          



          		

            MRI Parameters

          



          		

            Image Analysis

          



          		

            Histopathologic Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Demographics

          



          		

            Comparison of MRI Morphological Characteristics Between LGGs Group and HGGs Group

          



          		

            Comparison of Morphological Characteristics Between IDH-Mutant Group and IDH-Wild Type Group

          



          		

            Comparison of ADC Values and Derived Parameters Between LGGs Group and HGGs Group

          



          		

            Comparison of ADC Values and Derivative Parameters Between IDH-Mutant Group and IDH-Wild Type Group

          



          		

            Multivariate Logistic Regression Analysis

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table4.jpg
ADC parameters (x10°
mm?/s)

ADCrrin
ADCrmean
rADCrin

rADCrnean

AUC, Area under the curve; Cl, Confidence Interval.

Significance level markers P < 0.001***,

LGGs

(n=43)

1.03 +
0.30
123
0.31
139+
0.40
1.66 +
0.44

HGGs

(n=123)

0.80 +
0.21
1.04 +
0.25
1.05 +
0.30
135+
0.36

tvalue

4.626

4.130

5.816

4.571

P value

<
0.001***
<
0.001***
<
0.001***
<
0.001**

AUC (95% ClI)

0.767 (0.686-
0.849)
0.697 (0.608-
0.786)
0.775 (0.695-
0.856)
0.710 (0.622-
0.797)

Cut-off
value

0.79

0.96

1.26

1.4

Sensitivity
(%)

90.70
90.70
62.79

72.09

Specificity
(%)

56.91
57.72
80.49

60.98

Yuden
index

0.476

0.330

0.443

0.331





OEBPS/Images/table3.jpg
Parameters IDH™" (n = 48) IDH*! (n = 112) AP1Z value P value

Hemorrhage Present 8 (16.7%) 22 (20.6%) 0.322 0.570
None 40 (83.3%) 85 (79.4%)

Cystic lesion Present 19 (39.6%) 56 (52.3%) 2.158 0.142
None 29 (60.4%) 51 (47.7%)

Peritumoral edema None 12 (25.0%) 29 (25.9%) -7.767 0.443
Mild 16 (33.3%) 25 (22.3%)
Severe 20 (41.7%) 58 (51.8%)

Tumor boundary Clear 21 (43.8%) 50 (56.3%) 0.011 0917
Blur 27 (44.6%) 62 (55.4%)

Enhancement pattern No enhancement 23 (48.9%) 16 (14.4%) 26.943 < 0.001***
Patchy enhancement 16 (34.0%) 34 (30.6%)
Rim enhancement 8 (17.0%) 61 (55.0%)

Distribution of lesions Single lobe 15 (31.3%) 30 (26.8%) 14.915 0.005™*
Trans-lobe growth with corpus callosum involvement 9 (18.8%) 21 (18.8%)
Trans-lobe growth with insula involvement 19 (39.6%) 22 (17.9%)
Trans-lobe growth 3 (6.3%) 19 (17.0%)
Thalamus or brain stem 2 (4.2%) 22 (19.6)

Significance level markers P < 0.01**, P < 0.001***,





OEBPS/Images/table8.jpg
Model AUC (95%CI) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Yuden index
Noninvasive Grading Model 0.934 (0.895-0.973) 91.2 78.6 92.0 76.7 0.698
Noninvasive IDH Genotyping Model 0.857 (0.787-0.926) 88.2 63.8 84.1 71.4 0.520

PPV, Positive Predictive Value; NPV, negative predictive value.





OEBPS/Images/fonc-12-873839-g002.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/M1.jpg
ADC = -
™

X In(Sp/Si0)





OEBPS/Images/fonc-12-873839-g003.jpg
.

Zr .
=






OEBPS/Images/table7.jpg
Variables

Age (> 60years)

rADCmean (< 1.40)

rADCmin (< 1.14)

Lesion distribution

Single lobe

Trans-lobe growth with corpus callosum involvement
Trans-lobe growth with insula involvement
Trans-lobe growth

Thalamus or brain stem

Enhancement pattern

No enhancement

Patchy enhancement

Rim enhancement

Significance level markers P < 0.05%, P < 0.01**.

OR

3.690
1.868
1.593

0.266
0.389
1.181
4.673

2.348
6.371

Noninvasive IDH Genotyping Model

95%CI P value
1.235~11.029 0.019*
0.594~5.875 0.285
0.488~5.197 0.441
Reference
0.085~0.835 0.023*
0.106~1.432 0.156
0.226~5.669 0.881
0.856~25.497 0.075
Reference
0.844~6.535 0.102
1.931~21.016 0.002**





OEBPS/Images/fonc-12-873839-g007.jpg
Sensitivity

02

ROC curve

Source of curve

— ADCmin
— ADCmean
~——rADCmean
—rADCmin
—pre2
—reference

0.4 06 08
1 - Specifity






OEBPS/Images/fonc.2022.873839_cover.jpg
, frontiers ‘ Frontiers in Oncology

Preoperative and Noninvasive
Prediction of Gliomas
Histopathological Grades and
IDH Molecular Types Using
Multiple MRI Characteristics





OEBPS/Images/table6.jpg
Variables Noninvasive Grading Model

OR 95%CI P value
Age (> 60 years) 7.877 1.359~45.638 0.021*
rADCmean (< 1.41) 1.256 0.290~5.446 0.761
rADCmin (< 1.26) 4.548 1.162~17.799 0.030*
Lesion distribution
Single lobe Reference
Trans-lobe growth with corpus callosum involvement 0.831 0.118~5.860 0.853
Trans-lobe growth with insula involvement 3.352 0.652~17.222 0.147
Trans-lobe growth 2.795 0.284~27.535 0.379
Thalamus or brain stem 0.144 0.024~0.868 0.034*
Enhancement pattern
No enhancement Reference
Patchy enhancement 5.623 1.410~21.629 0.140
Rim enhancement 41.594 5.810~297.794 < 0.001**
Cystic lesion 2.867 0.758~10.838 0.121
Hemorrhage 6.426 0.465~88.896 0.165
Tumor boundary 1.390 0.408~4.744 0.599
Peritumoral edema
None Reference
Mild 2.376 0.529~10.544 0.259
Severe 0.501 0.085~2.957 0.446

OR, odds ratio.
Significance level markers P < 0.05*, P < 0.001***,





OEBPS/Images/fonc-12-873839-g004.jpg





OEBPS/Images/table2.jpg
Parameters LGGs (n = 43) HGGs (n = 123) #P1Z value P value

Hemorrhage” Present 1(2.3%) 29 (24.4%) 9.900 0.002**
None 41 (97.7%) 90 (75.6%)

Cystic lesion’ Present 15 (34.9%) 64 (54.2%) 4.723 0.030*
None 28 (65.1%) 54 (45.8%)

Peritumoral edema None 25 (58.1%) 18 (14.6%) -5.010 < 0.001***
Mild 8 (18.6%) 35 (28.5%)
Severe 10 (23.3%) 70 (56.9%)

Tumor boundary Clear 28 (65.1%) 49 (39.8%) 8.187 0.004**
Blur 15 (34.9%) 74 (60.2%)

Enhancement pattern® No enhancement 27 (62.8%) 13 (10.7%) 52.773 < 0.001**
Patchy enhancement 13 (30.2%) 41 (33.9%)
Rim enhancement 3(7.0%) 67 (565.4%)

Distribution of lesions Single lobe 18 (41.9%) 28 (22.8%) 20.940 < 0.001**
Trans-lobe growth with corpus callosum involvement 5 (11.6%) 26 (21.1%)
Trans-lobe growth with insula involvement 5 (11.6%) 34 (27.6%)
Trans-lobe growth 2 (4.7%) 22 (17.9%)
Thalamus or brain stem 13 (30.2%) 13 (10.6%)

*Hemorrhage status was evaluated as uncertain in a total of 5 patients.
*Cystic lesion status was evaluated as uncertain in a total of 5 patients.
*Two patients did not undergo MRI enhancement examination.
Significance level markers P < 0.05%, P < 0.01**, P < 0.001***,





OEBPS/Images/fonc-12-873839-g005.jpg





OEBPS/Images/table1.jpg
Variables Total LGGs (n = 43)
Gender Male 92 20 (46.5%)
Female 74 23 (53.5%)
Age (years) 511159 386+ 128
IDH mutant status® IDH™ 48 20 (48.8%)
IDH" 112 21 (51.2%)

HGGs (n = 123)

72 (58.5%)
51 (41.5%)
55.5 145
28 (23.5%)
91 (76.5%)

t/47 value

1.865

-6.783
9.259

P value

0.172

< 0.001***
0.002*

“Six patients had no IDH status available for assessment. LGGs, low-grade gliomas; HGGs, high-grade gliomas.

Significance level markers P < 0.01*, P < 0.001***.





OEBPS/Images/table5.jpg
ADC parameters IDH™" (n =48) IDH™ (n=112) tvalue P value AUC (95%CI) Cut-off value Sensiti
(x10° mm?%/s)

ity (%) Specificity (%) Yuden index

ADCrin 0.94 £ 0.24 083+0.26 2429 0.016" 0.653 (0.561-0.745) 0.98 45.83 83.04 0.289
ADCmean 1.18 £ 0.25 1.05+0.29 2611 0.010* 0.643 (0.555-0.731) 1.0 75.00 58.04 0.330
rADCrin 1.59 +0.37 137 +0.42 2941 0.004* 0.656 (0.566-0.746) 1.14 62.50 66.96 0.295
rADCrean 1.25+0.33 1.09+0.37 2634 0.009* 0.652 (0.562-0.742) 1.40 70.83 59.82 0.307

Significance level markers P < 0.05*, P < 0.01**.





