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Materials and methods
Treatments
[bookmark: _Hlk218057431][bookmark: _Hlk216535328][bookmark: _Hlk219582749]Patients received platinum-based chemotherapy followed by WVI at 24 Gy in 12 fractions, without a primary-site boost, using three-dimensional conformal radiation therapy, except one patient who used a two-dimensional technique as described previously [1-4]. Clinical target volume (CTV) was set with a 0–5 mm margin from the ventricle, and planned target volume was set with a 5 mm margin from CTV. Three chemotherapy regimens were used: the CARE regimen (three cycles of carboplatin 450 mg/m² on day 1 and etoposide 150 mg/m²on days 1–3, at 25-day intervals), the ICE regimen (three cycles of ifosfamide at 900 mg/m2, cisplatin at 20 mg/m2, and etoposide 60 mg/m² for 5 days, at 23-day intervals), and the PE regimen (three cycles of cisplatin 20 mg/m² and etoposide 100 mg/m² on days 1–3, at 25-day intervals). Based on the lesion extent, some patients received 24 Gy in 12 fractions (2.0 Gy per fraction) of whole-brain irradiation (WBI) or craniospinal irradiation (CSI). Patients with spinal lesions or positive cytology received CSI [5], while those with basal ganglia germinomas [6] or ventricular lesions received WBI until 2008.
Regular follow-up MRI scans were performed as previously described [2,7]. Endocrine function was monitored and managed by pediatricians or endocrinologists post-treatment.

Diffusion tensor imaging (DTI) and neurite orientation dispersion and density imaging (NODDI)
Diffusion-weighted image (DWI) for NODDI analysis used a two-shell diffusion protocol with the following parameters: repetition time (TR), 7278 ms; echo time (TE), 111 ms; field of view (FOV), 230 mm; matrix size, 112 × 109; slice thickness, 2.5 mm; and acquisition time, 944 s. Diffusion gradients were applied in 30 directions at b = 711 s/mm² and 60 directions at b = 2855 s/mm².
Diffusion MRI data were converted from DICOM to NIfTI format using dcm2niix and preprocessed with FSL version 6.0.4 (FMRIB Software Library, Oxford, UK). A brain mask was generated from the b0 image for skull stripping, followed by eddy-current correction of all diffusion-weighted images.
DTI fitting was performed to generate fractional anisotropy (FA) and mean diffusivity (MD) maps [8]. NODDI fitting was performed using the NODDI MATLAB Toolbox within a Singularity container to generate neurite density index (NDI), orientation dispersion index (ODI), and Isotropic volume fraction (FISO) maps [9].
For spatial normalization, individual FA maps were registered to the ICBM-FMRIB58 FA template (1-mm isotropic). The resulting transformations were subsequently applied to the MD, NDI, ODI, and FISO maps to ensure voxel-wise correspondence across subjects.

Statistical analysis
Student’s t-test was used for comparisons between two groups, and Tukey’s test was used for comparisons among three or more groups. Paired t-tests were performed to compare WAIS-III and WMS-R index scores as well as VC and verbal IQ in WAIS-III and verbal memory in WMS-R and between FSIQ in WAIS-III and general memory in WMS-R. Student’s t-test compared mean DTI and NODDI metrics between patient and control groups, with the Benjamini and Hochberg method at a false discovery rate of 0.1. Analysis of covariance was performed with cerebrum-to-intracranial volume and hippocampus-to-intracranial volume ratios as dependent variables, patient status as the independent variable, and age at assessment as the covariate. Linear regression analyses were used to analyze the relationships between time from treatment to assessment and memory battery scores, and between memory scores and DTI and NODDI metrics in memory-associated regions that differed from healthy controls.

Results
Patients
The mean age at initial treatment was 17.1 years, and the mean age at evaluation was 24.9 years. Three patients experienced recurrence and received three cycles of the ICE regimen followed by 24 Gy of CSI [3]. The intervals from recurrence to memory assessment were 54, 56, and 62 months. 
Patient and control ages ranged from 17 to 43 years (mean 24.9 years, standard deviation (SD) 7.5 years) and from 21 to 46 years (mean 26.4 years, SD 7.7 years), respectively, with no statistically significant differences between groups (p = 0.58, Student’s t-test).

Relationship between clinical characteristics and memory
No statistically significant differences were observed according to various clinical characteristics as described in supplementary data. Age at treatment, tumor location, ventricular involvement, or radiation therapy fields. Although not statistically significant, patients with recurrence tended to have lower memory scores than those without recurrence. 

Cerebral and hippocampal atrophy after low-dose WVI with chemotherapy
The mean and SD of cerebrum-to-intracranial volume ratios were 0.65, 0.02, and 0.66, 0.01 in patients and healthy controls, respectively. The mean and SD of the hippocampus-to-intracranial volume ratio were 0.0048, 0.0006, and 0.0048, 0.0005 in patients and healthy controls, respectively. No significant between-group differences were observed for the cerebrum-to-intracranial volume ratio (p = 0.13: Student's t-test) or hippocampus-to-intracranial volume ratio (p = 0.80: Student's t-test). 

Differences in FA, MD, NDI, ODI, and FISO values in whole and memory-associated white matter between patients and healthy controls
Significant differences between patients with germinoma and healthy controls were found in 20, 15, 1, 11, and 14 of 48 regions of interest for FA, MD, NDI, ODI, and FISO values (Supplementary Table 3). 
Differences in certain metrics were observed in memory-associated regions, including the fornix, anterior limb of the internal capsule, cingulum, and uncinate fasciculus (Fig. 3). Differences were also observed in periventricular structures, including the corona radiata, corpus callosum, tapetum, and superior, middle, and inferior cerebellar peduncles. 

Differences in FA, MD, NDI, ODI, and FISO values in whole and memory-associated gray matter between patients and healthy controls
Significant differences between patients with germinoma and healthy controls were found in 83, 81, 9, 20, and 63 of 170 regions of interest for FA, MD, NDI, ODI, and FISO values. 
Certain metrics differed between patients and healthy controls in memory-associated regions, including the hippocampus, thalamus, cingulate gyrus, parahippocampus, amygdala, anterior cingulate cortex, orbitofrontal cortex, and temporal pole (Fig. 3).
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