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脑胶质瘤是最常见的原发恶性脑肿
瘤，发病率约为每十万人 5~6例，其中异
柠檬酸脱氢酶（isocitrate dehydrogenase, 
IDH）野生型胶质母细胞瘤占比最高，预
后较差，5年生存率仅 7%。2021年版世
界卫生组织中枢神经系统肿瘤分类将异
柠檬酸脱氢酶状态作为成人弥漫性胶质
瘤的重要分子诊断依据，IDH 表型对于
患者的预后风险分层和治疗反应评估至
关重要，与 IDH野生型胶质瘤相比，IDH
突变型与总生存期和治疗反应的改善相
关。精准的分子分型诊断能协助临床制
订个体化治疗方案，延长患者生存期。
目前对于胶质瘤异柠檬酸脱氢酶状态的
判断有赖于手术病理组织 DNA 测序技
术，但操作有创，仍需要精准的术前无创
评估方法。

MRI作为胶质瘤患者术前评估的重
要组成部分，包括了常规序列和功能序
列，两种序列可以从不同方面提供胶质
瘤特征信息。常规 MRI 特征与胶质瘤
IDH状态相关，IDH野生型胶质母细胞瘤
更易出现环形强化、坏死以及瘤周水肿
等影像学特征。扩散张量成像（diffusion 
tensor imaging, DTI）不仅可以评估组织
内水分子扩散受限情况，还可以评估水
分子扩散各向异性程度，从而反映肿瘤
组织微观病理特征，采用直方图特征分
析方法可以对肿瘤异质性进行定量分
析，从而进一步评估肿瘤的生物学特征。
然而，如何整合常规 MRI 视觉特征与
DTI定量参数特征共同预测 IDH基因状
态有待进一步探索。

本研究分析了成人弥漫性胶质瘤患
者术前常规 MRI 图像的视觉特征以及
DTI定量参数特征，通过递归特征消除和
Boruta 算法进行特征筛选，首先采用高
斯朴素贝叶斯模型分别建立常规MRI特
征、常规 DTI 临床参数特征和 DTI 直方
图特征的初级预测模型，并进一步基于
堆叠泛化法集成各初级分类器与支持向
量机，建立预测成人弥漫性胶质瘤 IDH
表型的集成式机器学习模型。结果显示
模型具有良好的预测效能，能有效预测
成人弥漫性胶质瘤的 IDH 表型，对于辅
助临床制订个性化的治疗方案具有一定
意义。详见内文第51页。
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About the cover

Glioma is the most common primary malignant brain tumor, 
with an incidence rate of about 5-6 cases per 100, 000 people. 
Among them, isocitrate dehydrogenase (IDH) wild-type 
glioblastoma accounts for the highest proportion, with a poor 
prognosis and a 5-year survival rate of only 7%. The 2021 edition 
of the World Health Organization Classification of Tumors of the 
Central Nervous System uses IDH status as an essential molecular 
diagnostic basis for adult-type diffuse gliomas. IDH genotypes are 
crucial for the risk stratification of patients' prognosis and the 
assessment of treatment response. Compared with IDH wildtype 
gliomas, IDH mutation gliomas are associated with improved 
overall survival and treatment response. Accurate molecular typing 
diagnosis can assist in formulating individualized treatment plans 
in the clinic and prolong patient survival. Currently, the 
assessment of IDH status in gliomas predominantly depends on 
DNA sequencing of surgically obtained pathological tissue. 
However, this approach is invasive. Moreover, there remains a 
need for precise, non-invasive preoperative evaluation methods.

MRI is an essential part of the preoperative evaluation of 
glioma patients and includes conventional sequences and 
functional sequences. The two sequences can provide information 
on glioma characteristics from different aspects. The 
characteristics of conventional MRI are related to the IDH status 
of glioma. IDH wild-type glioblastoma is more likely to have 
imaging characteristics such as ring enhancement, necrosis, and 
peritumoral edema. Diffusion tensor imaging (DTI) can not only 
assess restriction of water molecule diffusion in tissues but also the 
degree of anisotropy of water molecule diffusion, thereby 
reflecting the microscopic pathological characteristics of tumor 
tissue. Histogram feature analysis can be used to quantitatively 
analyze tumor heterogeneity quantitatively, thereby further 
assessing the biological characteristics of the tumor. However, 
how to integrate the visual features of conventional MRI with the 
quantitative parameters of DTI to jointly predict the IDH gene 
status remains to be further explored.

This study analyzed the visual characteristics of conventional 
preoperative MRI images and the quantitative DTI parameter 
characteristics of adult-type diffuse glioma patients. We performed 
feature selection using recursive feature elimination and the 
Boruta algorithm. We first established a primary prediction model 
for the conventional MRI features, conventional DTI clinical 
parameter features, and DTI histogram features using a Gaussian 
Naive Bayes model. We then ensembled each primary classifier 
with a support vector machine using the stacking method to create 
an ensemble machine learning model for predicting the IDH 
phenotype of adult-type diffuse gliomas. The results demonstrated 
the model's predictive solid efficacy and ability to accurately 
predict the IDH phenotype of adult-type diffuse gliomas, which is 
significant in assisting the clinical development of personalized 
treatment plans. Please see text page 51.
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