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INTRODUCTION  
Cancer cells have an intracellular sodium concentration three times higher than normal counterparts1. Intracellular sodium ions are in 
slow and restricted motion, distinct from fast and free motion experienced by most extracellular sodium ions2. This difference in 
motion is distinguishable by sodium (23Na) MRI through bi-exponential transverse (T2) relaxation. Therefore, intracellular sodium has 
the potential to be an endogenous imaging biomarker for noninvasive assessment of cancer response to therapies3. Intracellular sodium 
MRI has much-needed advantages over state-of-the-art approaches such as DCE MRI and F-18 FLT PET: (1) It works at cellular level 
and is suitable for early assessment; (2) It is not affected by the status (intact or breakdown) of blood-brain barrier (BBB), which is 
critical to DCE MRI for assessing therapies targeting angiogenesis; (3) It is not affected by fast proliferating T-cells in 
immunotherapies, which is raising a concern on F-18 FLT PET in assessment of cancer cell proliferation; and (4) It is completely non-
invasive (no injection of contrast agents), non-radiative and cost-effective (relative to PET). Here we present preliminary results from 
our clinical studies on adult patients with brain tumors for assessment of cancer response to radiation and chemotherapies.  
 

METHODS AND EXPERIMENTS 
Methods. A single-quantum (SQ) sodium image acquired at TE1=0.5ms is used to quantify total sodium concentration (TSC). A 
second SQ image acquired at TE2=5ms is subtracted in magnitude from the first SQ image to produce an image related to the short 
component of bi-exponential T2 relaxation. The short-T2 sodium image is then used to quantify bound (or intracellular) sodium 
concentration with a volume-fraction weighting (vBSC).  Experiments. The intracellular sodium MRI was performed on a 3T scanner 
(Magnetom Trio Tim, Siemens Medical Solutions, Erlangen, Germany) with a dual-tuned (1H-23Na) volume head coil (Advanced 
Imaging Research, Cleveland, OH, USA), under an approved IRB protocol. Eight patients with glioblastoma multiforme (GBM), age 
34-68 years, were scanned at three time points (baseline pre-therapy, 1- and 2-month follow-ups post-therapy). The TPI sequence4 was 
used for sodium data acquisition: FOV=220mm, matrix size=64, isotropic voxel size=3.44mm, hard RF pulse=0.8ms, flip angle=81° 
at SAR=100% and TR=100ms, TE1/TE2=0.5/5ms, averages=4, and TA=10.9min for each TE. Quantification. An integrated two-
point linear calibration (CSF TSC=145mM and the noise-only region TSC or vBSC =0mM) was used for the quantifications. 

 

RESULTS AND DISCUSSION 
Increase of vBSC reflects progression of tumors while decrease or being 
stable at low values (<20mM) represents responsive to cancer therapies. 
Figure 1 demonstrates a case of high TSC values (113-115 mM) but low 
vBSC values (13-18 mM) in the tumor region, suggesting the tumor after 
surgical resection is stable to the therapies across the three time points. 
This patient is still alive. Figure 2 shows a case of increased vBSC 

values (37-
51 mM) in 
the tumor 
region with 
high TSC 

values 
(113-151 

mM), 
suggesting 

tumor 
progression. 
This patient 
was died at 
day 54 after 
the 2-month 
follow-up. 

The proposed approach however still needs more clinical studies to 
understand how the change of vBSC is related to patient outcomes or 
survival. It also needs validations with other modalities such as F-18 FLT 
PET. Our next step will address these issues with scans on more patients.  
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Fig. 2. TSC and vBSC images of a brain tumor patient (age 42 

years, male, died at 14 months) aggressive to the therapies. 
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Fig. 1. TSC and vBSC images of a brain tumor patient (age 34 
years, female, alive) stable to therapies at three time points. 
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