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Pre-operative Neurocognitive Function Was More Susceptible to Decline in Isocitrate Dehydrogenase Wild-Type Subgroups of Lower-Grade Glioma Patients
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Background: Neuropsychological deficits frequently occur in diffuse lower-grade glioma (DLGG) patients, but their relationship with molecular subgroups based on the 2016 World Health Organization (WHO) Classification of Tumors of the Central Nervous System (CNS) is unclear.

Methods: All patients enrolled for this study were divided into different subgroups according to the molecular-integrated 2016 CNS WHO and morphology-centric 2007 CNS WHO to compare their neurocognitive function (NCF) dysfunction. Univariate and multivariate analyses were used to assess the independent factors for NCF decline. The performance of NCF changes for discrimination of IDH and 1p19q status was evaluated by receiver operating characteristic (ROC).

Results: There was no significant difference in the clinical characteristics among the molecular and morphologic subgroups. In the molecular subgroups, significant differences in NCF alterations were found in terms of attention function, working memory and executive function in grade II glioma patients; in addition to these changes in NCF, memory function and abstract thinking were also significantly different in grade III glioma patients. The pairwise comparison further confirmed that patients with astrocytoma (A)/anaplastic astrocytoma (AA) with isocitrate dehydrogenase wild-type (IDHwt) glioma were more susceptible to severe cognitive decline in terms of the NCF performance described above. For the morphologic subgroups, only working memory was significantly different in grade III glioma patients. The distribution proportion was significantly different among each subgroup of DLGG (grade II, P = 0.001; grade III, P = 0.002). The proportion of extensive NCF decline (≥5 tests) was 4, 12, and 50% in the IDH mutant oligodendroglioma (IDHm-O), IDHm-A, and IDHwt-A subgroups, and this proportion was 33, 60, and 93% in the IDHm-AO, IDHm-AA, and IDHwt-AA subgroups, respectively. In multivariate regression analysis, molecular types were independent factors for NCF alterations after adjusted the factors of tumor and demographics (p < 0.05). ROC curves suggested combined NCF tests model showed an advantage in the differentiation of IDH status.

Conclusions: NCF alteration is closely related to molecular-integrated subgroups with varying degrees and frequencies in DLGG. Patients with IDHwt gliomas are more susceptible to suffer from severe and extensive NCF decline than other subgroups.
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INTRODUCTION

Diffuse lower-grade gliomas (DLGGs, World Health Organization grade II and grade III) are common infiltrative neoplasms in the central nervous system (CNS) of adults. Because of their aggressive and heterogeneous features, DLGGs will inevitably lead to neurological deficits, albeit with relatively slow growth (1, 2). According to reports, up to one-third of patients suffer from one or more deficits in neurocognitive domains, such as memory, attention, and executive function, which has a significant influence on quality of life (3–5). With the progression of medical technology, patients with DLGG tend to have prolonged survival, and their requirements are therefore even higher, being more concerned with neurocognitive function (NCF) than ever before (6, 7).

However, neurocognitive dysfunction is usually variable in diffuse glioma. In recent decades, several studies have focused on evaluating the influencing factors of neurocognitive dysfunction. Among many possible reasons, tumor grade and genetic alterations have been the most frequently investigated factors. Nevertheless, the relationship between NCF and tumor grade is still controversial (8). In contrast, existing studies have suggested that isocitrate dehydrogenase (IDH) status is a promising molecular marker closely related to NCF alteration in high-grade astrocytoma (grade III-IV) (9). Patients in the IDH wild-type (IDHwt) group were more susceptible to neurocognitive dysfunction than those in the IDH mutation (IDHm) group. A recent study further elaborated that IDHwt was a risk factor for neurocognitive dysfunction in diffuse glioma (grade II-IV) (3). These results illustrate that IDH status is a potent molecular marker for NCF subgrouping due to its ability to reflect the inherent characteristics of diffuse glioma. Consistently, the current classification of the CNS has recommended IDH status for reclassifying diffuse gliomas since 2016, and its clinical meaning for predicting treatment response and prognosis, especially for highly heterogeneous DLGGs, has been confirmed in both prior and subsequent studies (10). In light of the obvious advantages of the new classification, we hypothesize that NCF is characterized by IDH status before surgery in patients with DLGG as well.

However, to our knowledge, no prior study has particularly investigated the relationship between preoperative NCF and the subgroups of DLGG stratified by the 2016 World Health Organization (WHO) Classification of Tumors of the CNS, including IDHm and 1p19q co-deletion. In return, preoperative NCF might serve as an underlying clue for providing biological characteristics of diffuse glioma to some extent in the future.

Therefore, in the present study, we conducted a retrospective investigation on the difference in preoperative NCF between IDHm/1p19q co-deletion subgroups in DLGG. Moreover, we also analyzed the cognitive changes between subgroups based on morphologic features to determine whether molecular features are more correlated with neurocognitive dysfunction.



METHODS


Patients

Patients suspected of having primary supratentorial DLGG on preoperative magnetic resonance imaging (MRI) and who received a preoperative NCF assessment in neurosurgical oncology 6 ward of Beijing Tiantan Hospital, Capital Medical University between December 2018 and January 2020 were considered for inclusion. The inclusion criteria were as follows: age ranging from 18 to 70 years; histological diagnosis of DLGG (WHO grade II and grade III) according to the 2016 CNS WHO; molecular testing of the status of IDH1 and chromosome 1p and 19q; preoperative Karnofsky Performance Score (KPS) >70; and no prior antitumor treatment. The exclusion criteria were as follows: suffering from other serious neurological or psychiatric diseases; unable to undergo NCF tests due to a premorbid intelligence quotient (IQ) score <85; auditory, visual, language, motor, or other serious cognitive problems; multiple lesions on preoperative MRI; and lack of pathological or molecular information. All participants were selected through similar and strict eligibility and exclusion criteria.

Their basic information and histological and molecular parameters (IDH1 mutations and chromosome 1p and 19q codeletion) were carefully reviewed and well-recorded according to their medical records by 2 neurosurgeons (DL and XC). Preoperative MRI sequences including T1 contrast-enhanced sequences and T2/fluid attenuation inversion recovery (FLAIR) sequences were used for analysis. The whole area of hyperintensity on T2-/FLAIR-weighted MRI scans was defined as tumor volume (9). All images were acquired on a 3T General Electric clinical scanner (Discovery MR750 using 32-channel phased array coils). All imaging features were reviewed and measured using Neurosoft PACS/RIS version 5.5 by two neuroradiologists (SJS and HCS) with over 10 years of experience. All doctors who performed data collection were blinded to the outcome of NCF. This study was approved by the Ethical Committee of Beijing Tiantan Hospital, Capital Medical University. All participants or their authorized relatives signed informed consent forms.



Neuropsychological Test

All patients received a comprehensive NCF evaluation before surgery by a trained neuropsychology staff member under the supervision of a neuropsychologist. The comprehensive NCF evaluation protocol included: Intellectual functions, Wechsler Adult Intelligence Scale-3rd Edition (WAIS-III); Auditory short-term memory, Rey Auditory Verbal Learning Test (total learning) (RAVLT TL); Auditory long-term memory, Rey Auditory Verbal Learning Test (delayed recall) (RAVLT DR); Visual memory, Rey complex figure test-immediate recall (RCFT IR); Attention function, Trail making test (TMT) and Color trails test (CTT); Auditory working memory, WAIS-III Digit Span (forward & backward) (DS); Spatial working memory, WAIS-III Spatial Span (forward & backward) (SS); Categorical verbal fluency, Animal naming test (ANT); Selective attention and cognitive flexibility, Stroop test-time and accuracy (ST-T and ST-A) and Abstract thinking, WAIS-III Similarities (SI) (Table 1) (11–14). The clinical characteristics of well-matched normal individuals who received the same measurements described above were used to standardize the NCF test scores, which were converted into z-scores (mean = 0, standard deviation = 1, Supplementary Table 1). Additionally, z-scores of the NCF tests <-1 were considered to represent a decline in the related domains of NCF (15).


Table 1. Neuropsychological functions and tests.
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Statistical Analyses

All analyses were conducted using the statistical software R, version 3.6.2 (R Institute for Statistical Computing). The one-way analysis of variance (ANOVA) test was used for numeric variables of clinical characteristics and z-scores of NCF tests. In addition, pairwise comparisons of one-way ANOVA tests were also conducted to compare the z-scores among different subgroups. The chi-square test was used for categorical variables. The proportion of patients who had NCF decline in each subgroup was analyzed by the Kruskal–Wallis test. Univariate and multivariate logistic regression analyses were used to assess the factors related to molecular alterations as dependent variables. Performance of NCF changes for discrimination of IDH and 1p19q status was analyzed by area under curve (AUC), positive predictive value (PPV), and negative predictive value (NPV) using receiver operating characteristic (ROC) curves. The maximum Youden's index (YI) value was selected as the best threshold. All tests were double-sided, and a P < 0.05 was considered statistically significant.




RESULTS


Demographic and Clinical Characteristics

In our study, a total of 104 patients (56 males and 48 females) who met the inclusion criteria were enrolled for the observation point of the study (Figure 1). The demographic and clinical characteristics of all patients are summarized in Table 2. All patients were divided into different subgroups according to molecular-integrated 2016 CNS WHO and morphology-centric 2007 CNS WHO. Tables 3, 4 summarize the clinical characteristics of the different molecular and morphologic subgroups, respectively. The results showed no differences in the clinical characteristics among these groups (molecular subgroups: age, P = 0.082; sex, P = 0.072; years of education, P = 0.480; seizure, P = 0.611; hemisphere, P = 0.217; tumor region, P = 0.302; lesion volume, P = 0.051; preoperative KPS, P = 0.056; and morphologic subgroups: age, P = 0.311; sex, P = 0.139; years of education, P = 0.274; seizure, P = 0.257; hemisphere, P = 0.193; tumor region, P = 0.989; lesion volume, P = 0.215; preoperative KPS, P = 0.992).


[image: Figure 1]
FIGURE 1. Flow diagram for neurocognitive function assessment cohort. All patients enrolled for this study were divided into different subgroups according to the molecular-integrated 2016 CNS WHO and morphology-centric 2007 CNS WHO to compare their neurocognitive function dysfunction.



Table 2. Demographic and clinical characteristics.
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Table 3. Clinical characteristics of molecular subgroups.
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Table 4. Clinical characteristics of morphologic subgroups.
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Degree of NCF Alteration in DLGG

The results of NCF performances of each subgroup according to IDH status and 1p19q deletion are summarized in Table 5. The NCF performances of patients with grade II glioma among molecular-integrated subgroups showed significant differences in attention function (CTT, F = 7.187, P = 0.002), working memory (DS, F = 6.449, P = 0.003; SS F = 7.912, P < 0.001), and executive function (ANT, F = 4.858, P = 0.011).


Table 5. Differences of neurocognitive performances (z-scores) in subgroups based on molecule.
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Then, the pairwise comparison was used to analyze the NCF performances among the oligodendroglioma IDH-mutant (IDHm-O), astrocytoma IDH-mutant (IDHm-A) and astrocytoma IDH-wildtype (IDHwt-A) subgroups in patients with grade II glioma. There was a statistically significant difference between the IDHm-O and IDHwt-A subgroups in terms of attention function (CTT, P < 0.001), working memory (DS, P < 0.001; SS, P < 0.001) and executive function (ANT, P = 0.003). In addition, statistically significant differences were found between the IDHm-A and IDHwt-A subgroups in terms of attention function (CTT, P = 0.002), working memory (DS, P = 0.030; SS, P = 0.029), and executive function (ANT, P = 0.032). Moreover, only working memory showed a significant difference between the IDHm-O and IDHm-A subgroups (SS, P = 0.034). In the SS test, IDHm-O was the most favorable of all subgroups. The other tests for NCF did not show significant differences among the molecular subgroups. The pairwise comparison also demonstrated that the IDHwt-A subgroup had worse NCF than the IDHm-O and IDHm-A subgroups in terms of the mentioned tests (Figure 2A, Table 5).


[image: Figure 2]
FIGURE 2. Neurocognitive performances in grade II subgroups based on molecular (IDH1 and 1p19q status) (A) and morphologic criteria (B). And neurocognitive performances in grade III subgroups based on molecular (IDH1 and 1p19q status) (C) and morphologic criteria (D). One-Way ANOVA tests and pairwise comparison used for group comparisons. *Significant, P < 0.05; **Significant, P < 0.01; ***Significant, P < 0.001.


Similarly, we also found significant differences among the grade III molecular subgroups in terms of memory function (RAVLT TL, F = 4.687, P = 0.015; RAVLT DR, F = 3.788, P = 0.031; RCFT IR, F = 10.72, P < 0.001), attention function (TMT, F = 5.961, P = 0.006; CTT, F = 4.649, P = 0.016), working memory (DS, F = 12.57, P < 0.001; SS, F = 13.37, P < 0.001), executive function (ANT, F = 9.821, P < 0.001; ST-A, F = 12.10, P < 0.001) and abstract thinking (SI, F = 23.26, P < 0.001).

Furthermore, pairwise comparisons were conducted to determine the differences among the anaplastic oligodendroglioma IDH-mutant (IDHm-AO), anaplastic astrocytoma IDH-mutant (IDHm-AA), and anaplastic astrocytoma IDH-wildtype (IDHwt-AA) subgroups in patients with grade III glioma. There were significant differences between the IDHm-AO and IDHwt-AA subgroups in terms of memory function (RAVLT TL, P = 0.004; RAVLT DR, P = 0.010; RCFT IR, P < 0.001), attention function (TMT, P = 0.002; CTT, P = 0.006), working memory (DS, P < 0.001; SS, P < 0.001), executive function (ANT, P < 0.001; ST-A, P < 0.001) and abstract thinking (SI, P < 0.001). The differences were statistically significant between the IDHm-AA and IDHwt-AA subgroups in terms of memory function (RCFT IR, P = 0.031), attention function (TMT, P = 0.028; CTT, P = 0.032), working memory (DS, P = 0.025; SS, P = 0.022), executive function (ANT, P = 0.002; ST-A, P < 0.001) and abstract thinking (SI, P < 0.001). There were statistically significant differences between the IDHm-AO and IDHm-AA subgroups in terms of working memory (DS: P = 0.044; SS: P = 0.037). The IDHm-AO subgroups, in terms of both the DS and SS tests, had the most favorable NCF among all subgroups. However, there was no significant difference in the other domains of NCF tests among the molecular subgroups. The pairwise comparison showed that the IDHwt-AA subgroup had a worse NCF performance than the IDHm-AO and IDHm-AA subgroups in terms of the above tests (Figure 2C, Table 5).

We also analyzed the NCF performances among the subgroups based on histology (Table 6). Nevertheless, there was no significant difference among the grade II subgroups based on morphologic features across the measures in terms of memory function, attention function, executive function and abstract thinking (all tests, P > 0.05, Figure 2B, Table 6). We found significant differences among the grade III subgroups in terms of working memory (SS, P = 0.037). Except for the SS in the grade III subgroup, there was no significant difference in each test of NCF among the morphologic subgroups (all tests except SS, P > 0.05, Figure 2D, Table 6).


Table 6. Differences of neurocognitive performances (z-scores) in subgroups based on morphology.
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Frequency of NCF Alteration in DLGG

We chose −1 as the cut-off value for the z-score across the NCF tests. The proportion of patients who had a NCF decline is shown in Figure 3 and Table 7. The proportion of NCF decline between the IDHm and IDHwt subgroups was significantly different (P < 0.001). The proportion of NCF decline (≥5 tests) in the IDHwt subgroup was higher than that in the IDHm subgroup in all lower-grade glioma patients (75 vs. 20%, Figure 3A). Additionally, in DLGG patients, the proportion of NCF decline among subgroups based on IDH status and 1p19q deletion was statistically significant (grade II, P = 0.001; grade III, P = 0.002, respectively). For grade II tumors, the proportion of patients without NCF decline was 44, 20, and 0% in the IDHm-O, IDHm-A, and IDHwt-A subgroups, while the proportion of patients with extensive NCF decline (≥5 tests) was 4, 12, and 50% in the IDHm-O, IDHm-A, and IDHwt-A subgroups, respectively. For grade III tumors, the proportion of patients without NCF decline was 22% in the IDHm-AO subgroup and 0% in the IDHm-AA and IDHwt-AA subgroups. In addition, the proportions of patients with extensive NCF decline (≥5 tests) were 33, 60, and 93% in the IDHm-AO, IDHm-AA, and IDHwt-AA subgroups, respectively (Figure 3B). The IDHwt-A/AA subgroup thus tended to have more extensive NCF decline than the other two subgroups within each grade, but the IDHm-O/AO subgroup showed the opposite trend.


[image: Figure 3]
FIGURE 3. The proportion of all patients with diffusion lower-grade glioma with neurocognitive function decline across 0 test, 1 to 4 tests, and 5 or more tests by IDH status (A). The proportion of all patients with diffusion lower-grade glioma with neurocognitive function decline across 0 test, 1 to 4 tests, and 5 or more tests in each subgroup based on IDH status and 1p19q deletion (B).



Table 7. The proportion of NCF decline in molecular subgroups.
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Univariate and Multivariate Analysis

Univariate analysis showed that age, KPS and molecular subtypes were significantly associated with NCF alteration for grade II. While, in grade III, the significant related factors for NCF alteration were age, location and molecular subtypes (P < 0.05). These variables were then subjected to the multivariate regression analysis. In multivariate regression analysis, we found that molecular types were independent factors for NCF alterations after adjusted the factors of tumor and demographics (P < 0.05). The results of the univariate and multivariate analysis were summarized in Tables 8, 9.


Table 8. Univariate analysis of clinical and molecular variables for lower-grade glioma patients.
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Table 9. Multivariate analysis of clinical and molecular variable in patients with lower-grade glioma.
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ROC Curves of NCF Tests for Discrimination of IDH and 1p19q Status

In grade II, the AUCs of CTT (attention function) and SS (working memory) declines were 0.742 and 0.763 for identifying IDH status, respectively. While AUC of each NCF test for identification of 1p19q deletion status was <0.700. In grade III, the AUCs of RCFT IR (memory function), TMT (attention function), DS (working memory), ANT (executive functions), ST-A (executive functions), and SI (abstract thinking) for identifying IDH status were 0.750, 0.714, 0.714, 0.732, 0.768, and 0.819, respectively. In the aspect of districting 1p19q deletion status, only SI (abstract thinking) was with an AUC of 0.744, the other tests were with lower AUCs. Due to the low predictive efficiency of a single NCF test for IDH and 1p19q status, we further conducted a multivariate logistic regression analysis to examine the relationship between molecular alteration as a dependent variable and all NCF tests as independent variables. Then, a combined diagnostic model with multiple NCF tests was established based on the multivariate analysis (forward stepwise, P < 0.05) to predict molecular alterations. The AUC of the ROC curve was used to assess the performance of the combined NCF tests model in differentiating molecular alterations. In grade II, RAVLT DR, CTT and SS were independent factors related to IDH status. The combined NCF tests model [Logit(P | y = 1) = −4.117+3.664 × (RAVLT DR) +3.182 × (CTT) +2.852 × (SS)] allowed for further improvement in the differentiation of IDH status (ROC analysis: AUC = 0.842, 90.91% sensitivity, 68.63% specificity); in grade III, ST-A, and SI were independent factors associated with IDH status. The combined NCF tests model [Logit(P | y = 1) = −22.688+21.302 × (SI) +2.565 × (ST - A)] demonstrated an increasing ability to identify IDH status (ROC analysis: AUC = 0.918, 92.86% sensitivity, 85.71% specificity). However, ANT and SI were the independent factors associated with 1p19q deletion status for grade II and III, respectively. The combined NCF tests models for grade II [Logit(P | y = 1) = −0.613+1.999 × (ANT)] and grade III [Logit(P | y = 1) = −1.386+2.485 × (SI)] didn't show any improvement in the identification of 1p19q status. All the formulas for combined NCF tests models were summarized in detail in Supplementary Table 2. The performance of NCF tests for discriminating IDH and 1p19q status by ROC curves were shown in Supplementary Table 3.




DISCUSSION

To the best of our knowledge, this study is the first to represent neurocognitive dysfunction in molecular-integrated subgroups according to the 2016 CNS WHO classification for DLGG. Our data showed a wide range of NCF alterations among molecular groups classified by the status of IDH and 1p19q. Furthermore, we also compared the cognitive reduction in different molecular and morphologic groups. As our data show, patients in the IDHwt-A/AA subgroup were more susceptible to suffer from NCF dysfunction than patients in the IDHm-O/AO and IDHm-A/AA subgroups in terms of the severe and extensive NCF domains assessed for each grade of DLGG separately. However, these NCF alterations were hardly present in the morphologic subgroups. Thus, the molecular-integrated subgroups were more closely related to the severity and frequency of NCF reduction in DLGG with obvious superiority to the morphologic classification. Our results are consistent with a prior view on the relationship between NCF and IDH status. Wefel et al. illustrated that IDH status is valuable for varying NCF in a high-grade astrocytoma cohort (AA and GBM), and patients with IDHwt exhibited worse performances than those with IDHm (9). Recently, Kessel et al. further confirmed that IDH status plays an important role in the classification of NCF in diffuse grade II to IV glioma, but they did not analyze DLGG within each grade in detail (3). Notably, DLGG with high heterogeneity severely affected patients' quality of life and prognosis (6, 16, 17). Even more, unfortunately, studies focusing on a variety of preoperative NCF alterations by IDH and 1p19q status remain unavailable as far as we know. Thus, our study could be of high clinical meaning for clarifying the relationship between NCF and molecular subgroups.

Additionally, the 2016 CNS WHO introduced molecular markers, IDH mutation and 1p19q codeletion in addition to histology to identify biological entities of DLGG (18). As multitudinous studies have documented, these markers can assist clinicians in understanding tumor behaviors and are commonly used for predicting therapeutic efficacy and prognosis (19). Consistently, we have found that molecular alterations of IDH and 1p19q would serve as potent markers for identifying NCF dysfunction, although only a few tests of NCF have shown differences between 1p19q co-deletion and non-co-deletion. Thus, a large cohort would be more meaningful to further determine its cognitive value in the future.

In prior studies, tumor momentum was proposed to explain the relationship between invasiveness, tumor growth rate and neurological symptoms. It is believed that more invasive tumors have greater tumor momentum, and in return, more considerable tumor momentum could cause more severe symptoms (8, 9, 20). Our results subsequently confirmed this view and showed that IDHwt-A glioma represented an aggressive NCF decline compared with IDHm glioma. Genetically, IDHwt-A glioma exhibits more glioblastoma-like characteristics, such as a stronger angiogenesis ability and higher cell proliferation, compared with IDHm glioma (21–23). These inherent characteristics indicate that IDHwt-A glioma has higher invasiveness and greater tumor momentum than IDHm glioma. Furthermore, highly invasive IDHwt-A glioma not only damages the brain network more quickly but also has a negative effect on neuroplasticity, which ultimately leads to worse NCF performance (24–28). As our data suggest, patients who present with more rapid and extensive NCF decline may be likely to harbor aggressive characteristics, such as genetic alteration of IDHwt. And multivariate analysis further confirmed that molecular types were independent factors associated with working memory and executive function in grade II, and memory function, attention function, and executive function in grade III. Moreover, in ROC analysis, NCF test across one domain had limitations of sensitivity and specificity to stratify molecular subtypes, especially for 1p19q deletion status. Meanwhile, combined models of NCF tests showed an advantage in the differentiation of IDH status, but they were still unable to improve the ability to stratify 1p19q deletion status. Therefore, comprehensive assessment of NCF decline would enhance the understanding of tumor aggressive behavior and molecular subtypes, such as IDHwt, before surgery. For the aggressive tumors, early surgery and aggressive treatments should be performed to reduce damage to the normal brain.



LIMITATION

There are still a few limitations in our study. As our results showed, only a few tests exhibited significant differences between the IDHm-O and IDHm-A subgroups. The insufficient sample size of our study is responsible for this limitation. Alternatively, perhaps the current neuropsychological assessment was unable to detect very small NCF alterations between these two groups. In view of this, it is necessary to employ a large cohort and to explore more sensitive and comprehensive tests for NCF evaluation in the future. Meanwhile, it also points out that our retrospective study cohort was from a single-center study, which will be inevitable to result in bias of analysis. Therefore, an extramural cohort or a multi-centric prospective study should be conducted to confirm the generalizability of our findings. Additionally, the present study did not investigate the mechanisms of IDH status causing NCF dysfunctions, such as microenvironments or special metabolites, which should be given more attention in further research. Besides, to get a uniform cohort for analysis of the relationship between molecular status and NCF changes, the IDH gene alteration of this study is only relative to IDH1 mutation. The patients with IDH 2 mutations were not enrolled for analysis. Given the great importance of IDH 2 gen alteration as well, we will enlarge our cohort and explore its relationship with NCF in the future.



CONCLUSIONS

In summary, NCF alteration is closely related to molecular-integrated subgroups in DLGG. The present study first shows various frequencies and severities of NCF decline by IDH status and 1p19q deletion. According to neuropsychological assessments, patients with IDHwt-A/AA gliomas are more susceptible to suffer from severe and extensive NCF decline than patients with other subgroups of grade II and III gliomas, respectively.
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Number of NCF tests* Grade Il (n = 62) P-value Grade lll (n = 42) P-value

IDHmM-O IDHm-A IDHwt-A IDHmM-AO IDHmM-AA IDHwt-AA
0 12 (44%) 5(20%) 0(0%) 0,001 4(22%) 0(0%) 0(0%) 0.002
1-4 14 (52%) 17 (68%) 5(50%) 8(44%) 4(40%) 1(7%)
=5 1(4%) 3(12%) 5(50%) 6(33%) 6(60%) 13(93%)

IDHM-A, Astrocytoma, IDH mutant; IDHwt-A, Astrocytoma, IDH wild-type; IDHm-AO, Anaplastic Oligodendroglioma, IDH mutant; IDHM-AA, Anaplastic Astrocytoma, IDH mutant;
IDHwt-AA, Anaplastic Astrocytoma, IDH wild-type.
*The z-scores of NCF tests <-1 were considered to be a decline.
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