Supplemental Methods

Quantification of sodium concentration 
An integrated linear calibration on the short-T2 image and TE1 image is used to quantify the bound sodium concentration and total sodium concentration, respectively.  
          (1)
Here Ctotal is the total sodium concentration, and Cfr is the free sodium concentration known in a voxel of purely free sodium, such as 145 mM in human cerebrospinal fluid. ITE1 is the image intensity at a pixel on TE1 image, and Īnoise,TE1 is the mean intensity of noise-only ROI in TE1 image.  Īfr,TE1 is T1-saturation corrected mean intensity of pixels from a free sodium region of known concentration on the TE1 image.  
The dual-TE sodium images were used to quantitatively separate between the motion-restricted (or bound) and motion-free (or free) sodium at individual voxels using a two-compartment model, based on their difference in T2 relaxation9 . Sodium nuclei have a spin of 3/2, different from 1/2 for proton (1H) nuclei, and thus have bi-exponential decay in T2 relaxation: short-T2 (~3ms) decay with 60% of total intensity and long-T2 (~15–50ms) decay with 40% intensity8. When sodium ions move fast (relative to Larmor frequency, f0) and freely (spatially isotropic) in extracellular space in the brain, the sodium nuclear spins only show mono-exponential long T2 decay. When moving slowly in intracellular space and being in a gradient electrical field of negatively charged intracellular macromolecules and proteins, the sodium nuclear spins show bi-exponential T2 decay. Although accurate quantification of bound sodium concentration (BSC) is challenging due to lack of measurement of volumetric fraction in a voxel, a volume-fraction weighted bound sodium concentration (vBSC) is quantified in this study by following the procedure developed in our previous work9. 
           (2)
Here Cvb is vBSC. IST2 is intensity of a pixel on the short-T2 (or bound) sodium image which is the subtraction of TE2 image from TE1 image, and Īnoise,ST2 is the mean intensity of a noise-only ROI in the short-T2 image. g is the gain of short-T2 imaging over a range of short T2 values of interest, and ab,s is 0.6 for the relative intensity of short-T2 component of bound sodium. 
Serial analysis: Serial sodium images at different time points were compared to the initial Na MRI scan (or to the most recent prior 23Na MRI scans for the two cases with multiple follow-up scans) and the difference in total sodium concentration (TSC) or bound sodium concentration (vBSC) for those who underwent dual-TE imaging was calculated. These differences for each participant were then normalized by the standard deviations of their tumor sodium measurements to define individual changes. As an exploratory analysis, TSC changes on serial MRIs were compared to tumor volumes measured on concurrent conventional MRIs. The serial quantitative change in TSC and BSC [i.e., no change, increase, and decrease, based on the unit of one standard deviation (SD)] was correlated with: (1) concurrent tumor volume as measured on T2/FLAIR imaging; and (2) concurrent conventional MRI radiographic response [based on standard clinical interpretation by two board-certified pediatric neuroradiologists which included assessment of tumor size and signal intensity change on T2/FLAIR, post-contrast T1 and diffusion imaging].  

