
Table 1:  Tumor status and 3D tCho measurements in 11 patients. N/D: Not detected. T/F: Technical failure  
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Figure 1: (a) 3D tCho mapping in a patient with multi-focal IDC grade 3 (b) Tumor spectrum with tCho
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Figure 2: (a) Detection of Taurine at E: 60 ms (b) 3D mapping of
Taurine and tCho (displayed spectral range: 3.0-3.5 ppm)  
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INTRODUCTION Mapping tCho in breast cancer using single voxel MR spectroscopy (MRS) was reported to improve lesion characterization, thus improving the 
limited specificity of dynamic contrast enhanced (DCE) MRI [1]. Single voxel MRS was also used for treatment monitoring in patients undergoing neoadjuvant 
chemotherapy to predict outcome [2]. MR spectroscopic imaging (MRSI) would be advantageous for assessing lesion heterogeneity and treatment response in multi-
focal and multi-centric disease.  However, a major limitation of conventional phase encoded MRSI is the long acquisition time, which introduces motion sensitivity. 
Here we report initial experience with 3D mapping of tCho in patients with biopsy confirmed breast cancer using high-speed Proton-Echo-Planar-Spectroscopic-
Imaging (PEPSI) [3] at 3 Tesla. In addition to a long TE acquisition we investigated the feasibility of intermediate TE acquisition to measure Taurine.  
METHOD Eleven patients (age range: 28 – 77 years) with biopsy-confirmed, infiltrating ductal carcinoma (IDC) were studied using a 3T MR scanner (Siemens Trio, 
Erlangen, Germany) equipped with 8- and 16-channel breast array (Hologic Inc., Bedford, MA). Informed consent was obtained. Three patients were studied before 
neoadjuvant therapy. Three patients were studied before and within 2-7 days of treatment initiation. Five patients were studied after initiation of treatment.  
3D MRSI data of an entire oblique slab on the lesion side was performed using PRESS volume prelocalized 3D Proton-Echo-Planar-Spectroscopic-Imaging (PEPSI) 
with MEGA lipid suppression using TR/TE=2000ms/135ms, matrix size up to 32×16×8, voxel size=1cc, and total acquisition time of 10 minutes (including a water 
reference scan acquired with TR/TE: 2000ms/30ms). In some patients additional data were collected at TE 60 ms to enhance sensitivity for detecting tCho and J-coupled 
resonances. The PRESS volume selection was tailored to encompass the entire lesion and adjacent glandular tissue. TE-averaging (8 steps, ΔTE: 2.5 ms) was employed 
to minimize gradient sideband artifacts. Complete outer volume suppression using 8 slices was applied around the PRESS volume selection. Slice localized navigator 
data acquisition was implemented in the water suppression modules and immediately before the PEPSI readout as described in [4] to monitor frequency drift and phase 
instability due to motion and scanner instability. Localized spectra were reconstructed on the scanner using a 3D Hanning filter and weighted combination of coil data.  
Spectral quantification was performed using LCModel-based spectral fitting in reference to tissue water [5]. A customized basis set was developed that contains Cho, 
GPC and PCho, 10 empirically modeled Lorentzian singlet 
peaks representing broad and irregular line shapes of residual 
lipid signals within the 2.0 - 2.9 ppm range, and soft 
constraints for modeling lipid and macromolecule resonances 
using default settings in LCModel [6]. Total Choline 
(Cho+GPC+PCho) was mapped using Cramer Rao Lower 
Bound thresholds of 50 % and line width threshold of 0.2 
ppm. The molal concentration of tCho was calculated by 
compensating for T1-related signal saturates on and for T2-
related signal relaxation using relaxation times reported in 
previous studies [7].  
RESULTS Strongly elevated tCho with mean concentrations 
between 0.3 and 3.3 mmol/kg was measured in 8 of the 11 
patients with single and multi-centric enhancing 
lesions (Table 1). Figure 1 shows an example of 3D 
mapping of tCho in a patient with multi-focal IDC 
grade 3. Decreases in tCho concentration and 
number of voxels with detectable tCho were 
measured in 3 patients who underwent neoadjuvant 
therapy, however, an increase was seen in 1 patient. 
Total Cho was not detectable in two patients who 
had been treated for more than 6 months and in the 
vicinity of surgical clips due to line broadening. At 
TE 60 ms an additional resonance was detected that 
was elevated in enhancing lesions and tentatively 
assigned to Taurine (Fig.2). The 16-channel coil 
increased SNR by 40 % versus the 8-channel coil. 
DISCUSSION AND CONCLUSION This study 
demonstrates feasibility of quantitative 3D mapping 
of tCho in invasive breast carcinoma using high-speed MRSI and monitoring of treatment effects. 
The major challenge of breast spectral quantification is the tCho baseline distortion due to the 
contamination from residual lipid signals and line broadening because of tissue heterogeneity of 
the breast. Acceptable reliability for fitting tCho was achieved using a custom basis set that 
account for distorted residual lipid peaks at between 2.0 and 2.9 ppm. Data acquisition is in 
progress on a weekly basis. Evaluation of navigator correction is in progress. 
The long-term goals are to utilize 3D high-speed MRSI as an early predictor of treatment failure 
in women undergoing neoadjuvant therapy (i.e. chemotherapy, endocrine therapy or biologic 
therapy) for breast cancer and to develop an improved screening protocol for high-risk patients.  
REFERENCES [1] Huang W, et al., Radiology, 2004, 232(2): p. 585-591. [2] Danishad, A. , et 
al. NMR Biomed. 2010; 23: 233–241. [3] Posse, S., et al., Magn Reson Med, 1997. 37(6): p. 858-
65. [4] Posse et al, Series B 102, 222-227, 1993, [5] Provencher et al MRM 1993, [7] Zhao, C., et 
al., Abstracts ISMRM 2011, 513 [7] Bolan, P., et al., Magn Reson Med, 2003. 50(6): p. 1134-43. 
ACKNOWLEDGEMENTS: We thank Diana South and Catherine Smith for expert assistance 
with MR scanning, and Valerie Wade for compilation of clinical data. We acknowledge funding 
by grants NIH, NIBIB, NCI 1RC1EB010617-01, NIH P41 RR08079, R01 CA120509, DoD postdoc award BC093217 and the support from UNM Cancer Center. 

451Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


