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Target audience 
This investigation is aimed for neuro-radiologists, neuro-oncologists and neurosurgeons who are involved in glioma patient care. 
 
Purpose 
Although precise identification of the extension within the brain and tumor core characterization of glioma is crucial for successful treatment, imaging and predicting 
tumor cell density or tumor cell invasion is challenging. Positron emission tomography (PET) and magnetic resonance (MRI) based imaging have been explored 
extensively to meet this purpose. In this research, the authors have compared diffusion tensor imaging (DTI) and 11C-methionine PET in terms of tumor cell density 
prediction by use of 98 stereotactically sampled glioma tissues from 37 patients (low grade 5 and high grade 32), in order to clarify the clinical values of both PET and 
DTI for predicting (tumor) cell density in gliomas. 
 
Materials and Methods 
Patients and data collection 
98 tissue samples from 37 patients were stereotactically obtained via 
intra-operative neuronavigation system. There were 5 grade 2, 11 
grade 3 and 21 grade 4 glioma patients. Tissue samples were 
obtained at both enhancing and non-enhancing lesions on 
Gd-enhanced T1-weighted image. DTI (3T, b = 2000, MPG =25 
using Signa HDx, GE healthcare) and 11C-methionine PET were 
performed as routine presurgical imaging studies for these patients. 
 
Image registration and stereotactic image-histology comparison 
The locations of the sampled tissues were logged via neuronavigation system (BrainLab or Stryker Neuronavigation system) and each location was stored by 
screenshots or points-log data on Gd-enahnced T1-weighted images. DTI were converted into FA map and ADC map using Diffusion tool kit provode by 
MGH/Harvard Medical School. FA map, ADC map and 11C-methionine PET images were registered to the Gd-enahnced T1-weighted images which were used for 
navigation. Image registration was performed via normalized mutual information algorism and the accuracy for image registration was visually confirmed. The logged 
locations for tissue sampling on Gd-enahnced T1-weighted images were then converted to the locations on FA map, ADC map and 11C-methionine PET images 
enabling acquisition of FA, ADC and methionine PET values corresponding to the obtained tissues. Relative values of FA (rFA) and ADC (rADC) compared to 
normal appearing white matter (NAWM) and tumor to normal ratio of 11C-methionine PET 
(MET-TNR) were calculated in addition to raw FA and ADC values. 
 
Results 
As can be appreciated in Fig.1, cell density, DTI 
based values and methionine PET values did not 
differ between Gd-enhancing and non-enhancing 
lesions except for rADC.  
Tumor cell density showed a statistically significant 
positive correlation with MET-TNR (p<0.0001, 
R2=0.43, Fig.2) and negative correlation with rADC 
(p=0.0096, R2=0.09), while rFA did not linearly 
correlate with tumor cell density (Fig.3) but rather 
showed a “J-shaped” correlation with tumor cell 
density. 
When multiple regression analysis was applied for 
MET-TNR and rADC in order to predict tumor cell 
density, MET-TNR was the solo statistically 
significant factor for tumor cell density prediction 
(MET-TNR: p<0.0001, rADC: p=0.06).  
 
Discussions and 
Conclusion 
These results 
confirm that 
11C-methionine 
PET is a much 
more reliable 
imaging modality 
for glioma 
imaging in terms 
of tumor cell 
density prediction 
compared to DTI.  
Although 
extensive research 
is ongoing for glioma characterization using diffusion MR based imaging, it should be reminded that PET using amino acid tracers could be much better imaging 
modalities for this purpose. It could also be suggested that PET by amino acid tracers should be incorporated as one of the “standard imaging modalities” for glioma 
assessment. 
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Table 1 Characteristics of the obtained tissues 

Fig.1 Comparison between enhancing and 
non-enhancing lesions  

Fig. 3 Correlations of cell density and DTI based values 

Fig. 2 Correlations of cell density and 
methionine PET 
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