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Target audience 
Preclinical scientists evaluating tumor response to therapy non-invasively. Clinicians interested in 
meabolome-based molecular imaging strategies. 
Purpose  
In this study, we applied the methodology proposed in 1 for the extraction of meaningful sources (class 
prototypes) in control untreated GL261 glioblastoma (GBM) and TMZ treated GL261 GBM tumor-
bearing mice. These sources are used later on for the generation of nosological images of therapy 
response. 
Materials and methods 
Thirty eight C57BL/6 female mice of 20-23g in weight, inoculated with GL261 mouse glioma cells as in 
2, were used for the extraction of sources in a semi-supervised way. MR studies were carried out at 7T, 
with isoflurane anaesthesia (1.5-2%) at 37°C. Parameters for MRSI were as in 2. Eight of the 38 mice 
were treated following a previously developed therapy protocol for preclinical GBM using GL261 
tumors, consisting of 3 temozolomide (TMZ) cycles (given on the following days post-implantation, pi: 
11-15, 19-20 and 24-25), which induces response as tumor growth arrest, as detected by MRI 3. Another 
6 mice did not receive any treatment and were used as the control group. We validated the obtained 
results with an independent test set (7 control and 17 treated mice) and against histopathology. For some 
mice, e.g. C819, several MRSI were acquired at different time points (i.e. days 16, 18, 22, 36, 45 pi). 

The semi-supervised methodology used in this study was 
extensively evaluated in 1. The sources benefited from the prior 
information provided to make the sources look like class prototypes. For the extraction of the sources we used 
508 spectral vectors from the 14 training set mice. The selected spectra corresponded to the subsets of voxels 
labeled as tumor (responding and untreated) and normal parenchyma, assuming that all the voxels inside each 
tumor belonged to the same category (responding or control). 
Results  
Figure 1 illustrates two of the source signals calculated in a semi-supervised way, those that represent the 
treated (mainly in response to therapy) and untreated (actively proliferating) tumor regions. In figure 2 we 
show the results of three mice from the training set, two of them treated (T) and one control (C). Results from 
mouse C819 highlighting the monitoring of 
GL261 GBM response and regrowth 
throughout the course of a therapy are shown in 
figure 3. 
Discussion  
Even when the treated and untreated sources 
have a very high correlation (0.97), preliminary 
results suggest that the subtle differences 
between them are able to discriminate these 
two regions in new/unseen mice data. The 
changes in the spectral pattern of treated 
tumors is mainly related to mobile lipid (ML) and their polyunsaturated fatty acids (PUFA) resonances, 
which are very sensitive and accurate biomarkers for detecting therapy-related metabolic changes, as their 
intensities increase upon apoptosis induced by treatment 4,5. Still, other contributions (see figure 1) may be 
helping discrimination among tumor sources. 
Results shown in figure 2 summarize the different types of response detected in the training set: high values 

for the mixing matrix of the untreated/unresponsive tumor source inside the abnormal mass in the control case; case C586 is completely associated to 
the responding source; while C418 is partially associated with the unresponsive and responding sources, indicating a potential heterogeneity in tumor 
response to treatment. The nosologic images obtained for the independent test case (figure 3) allowed convenient tracking of response to treatment 
and differentiated the intratumoral heterogeneity of such response, hinting the growth arrest and relapse (day 18 and 36, respectively), before 
changes in tumor volume were observed. 
Conclusion  
The sources calculated with the semi-supervised methodology1 were able to discriminate between response and untreated/unresponsive areas of the 
tumor. The mechanism provided to produce nosologic images of response to therapy could serve as a valuable non-invasive tool in preclinical 
analysis for therapy response evaluation and monitoring. 
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Fig. 1. Main differences between the 
sources that represent treated responding 
tumor (green) and untreated/unresponsive 
tumor (red).  

Fig. 2. Nosologic imaging for three 
mice from the training set. Left 
column: map of original tags; red, 
(treated/untreated) tumor; blue, 
normal brain. Right column: 
nosologic images; red, untreated 
tumor; green, responding tumor; 
blue, normal brain. All the maps are 
superimposed over their T2w MRI. 

 
Fig. 3. Nosologic color-coded maps corresponding to 
mouse C819 at chosen time points pi. Colors are used as 
in figure 2, right column. Tumor boundaries (T2w 
hyperintensity-derived) are marked with a white dotted 
line. 
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