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ABSTRACT

Pilocytic Astrocytomas (PA) treatment and prognosis is variable depending on location. ¹H Magnetic Reso-
nance Spectroscopy (MRS) is used to characterize tumor metabolism providing additional information t o the 
Magnetic Resonance Imaging (MRI) evaluation assessing the therapy response. This study was designed to 
evaluate brain metabolic changes that result from Temozolomide (TMZ) administration on pediatric PA using 
MRS. Twenty children with PA were studied. We performed MRI and MRS pretreatment and after 12 months 
of  therapy on a 3.0 Tesla scanner in order to monitor the chemotherapy response to 5-day treatment w ith oral 
TMZ (200 mg/mt² x day) given every 28 days for 12 cycles. Multivoxel Proton Spectroscopic Imaging wa s per-
formed using a Point Resolved Spectroscopy sequence (PRESS). Analysis of  Variance (ANOVA) was applied 
to the results in order to evaluate the possible statistical differences. Pairwise comparisons with Bonferroni 
correction test were assessed in order to verify the differences among ratio means.    It was observed a signifi -
cant decrease in Cho/Cr ratio (p<0.05) and a significant increase in NAA/Cr ratio (p<0.05) while TMZ ther-
apy was taking place. These results are linked with tumor size reduction   (r = 0.95, p< 0.05) detec ted by MRI. 
Results show MRS can detect early tumor reaction to therapy prior to MRI. Therefore, MRS could provide a 
useful tool to monitor the answer of  pediatric PA to TMZ. The link between metabolic markers changes  due 
to TMZ treatment assessed by MRS and the tumor volume reduction may also provide a fer tile ground to  de-
velop a TMZ-based therapy for pediatric PA and to predict its efficacy to improve PA’s response to t reatment.
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INTRODUCTION.

Pilocytic Astrocytomas (PA) represents 6 % of  all brain 
tumors in humans while in childhood is approximately 15 
% (1). They are the most common astrocytic tumors in chil-
dren, accounting for 80-85 % of  cerebellar astrocytomas and 
60 % of  optic gliomas (1-2). Juvenile PA usually arises in the 
cerebellum, brainstem, hypothalamic region, or optic path-
ways, but they may occur in any area where astrocytes are 
present, including the cerebral hemispheres and the spinal 
cord (3). These tumors are usually discrete, indolent lesions 
associated with cyst formation. The cysts may be unilocular 
or multilocular, with an associated tumor nodule. The most 
common presenting symptoms are associated with increased 
intracranial pressure resulting from mass effect or hydro-
cephalus. Symptoms may include headache, nausea, vomit-
ing, irritability, ataxia, and visual complaints depending on 
the site of  occurrence (3). The treatment and prognosis is 
variable depending on location (4). Temozolomide (TMZ) is 
an imidazole tetrazinone and an orally active alkylating agent 
(5-6). The drug is particularly useful in patients with brain tu-
mors due to its excellent penetration into the Central Nerv-
ous System and almost 95-99 % bioavailability and linear 
pharmacokinetics after oral administration (7-13). ¹H Mag-
netic Resonance Spectroscopy (MRS) is used to characterize 
tumor metabolism providing additional information to the 
MRI evaluation to assess the therapy response (14-20). This 
study was designed to evaluate brain metabolic changes that 
result from TMZ administration on pediatric PA using MRS.

METHODS. 

Twenty children with PA were studied after approvals of  their 
parents and the Ethics Committee of  the CDD were ob-
tained. We performed MRI and MRS pretreatment and after 
12 months of  therapy on a 3.0 Tesla scanner (Signa Excite®, 
GE Medical Systems) in order to monitor the chemotherapy 
response to 5-day treatment with oral TMZ (200 mg/mt² x 
day) given every 28 days for 12 cycles (5-13). 2D-Multivoxel 
Proton Spectroscopic Imaging was performed using a Point 

-
eters at TR = 1500 ms, TE = 35 ms, FOV = 20 cm, phase 16, 
section thickness 10 mm and acquisition time 9’ 41” (14-15). 

cm x 1.00 cm = 0.56 cm³. Metabolic signals of  Lipids (Lip), 
Lactate (Lac), N-Acetylaspartate (NAA), Creatine (Cr), Cho-
line (Cho) and myo-Inositol (mI) were detected and NAA/
Cho, NAA/Cr, Cho/Cr and mI/Cr ratios were calculated. 
Analysis of  Variance (ANOVA) was applied to the results. 
Pairwise comparisons with Bonferroni correction test were 
assessed in order to verify the differences among ratio means.

RESULTS. 

The Table 1 display the data obtained from the selected voxel 
in each patient enrolled in the study. The values represent 
the ratios referred to Cr (NAA/Cr, Cho/Cr and mI/Cr).
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 µ ± SD  1.07 ± 0.27             1.31 ± 0.29               1.52 ± 0.26             1.14 ± 0.19              1.34 ± 0.37          1.28 ± 0.38

-
vious to receive treatment with TMZ, post = after 12 months of  TMZ therapy, µ = mean, SD=Standard Deviation 

TABLE 1. Individual data sets for metabolic ratios.
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Figure 1 illustrates the metabolic signals intensities changes as a consequence of  chemotherapy administration. We clearly note 
the reduction in  the Cho/Cr ratio and the NAA/Cr ratio increase observed between the two subsequent MRS. The MRS 

Astrocytomas.

chemotherapy administration (B).
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Figure 2   is   a composed image that shows the contrast media enhancement of  a PA at the sagittal, coronal and axial views 
of  the MRI study in combination with Multivoxel MRS Chemical Shift Imaging performed in patient number 6 obtained from 
Cho/Cr ratio at axial projection. This child shows a progression of  the disease probably caused by unresponsive to TMZ 
treatment. Note in Table 1 that NAA/Cr ratio decrease and Cho/Cr ratio rise in this subject between the two observations

Figure 2. Composed image (sagittal, coronal and axial MRI planes) grouping with CSI perform in patient num-
ber 6. The red over yellow color demonstrate the highest Cho/Cr ratio regions. Note that the red color are present 
at the right side of  cerebellum which is the original location of  the lesion and at the left side suggesting a discrete tumor 
activity which is not evident at the MRI study. The contrast enhancement is observed at the right side but not at the left.
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DISCUSSION. 

This study was capable to demonstrate the added value 
that MRS represents when it is performed simultaneously 
with MRI based on biochemical changes inspection.  The 
individual values and averages plus standard deviation of  
metabolic ratios are show in Table 1. It can be detect a sig-

in comparison with 1.31 ± 0.29 post-TMZ (p<0.05) and a 

matched with  1.14 ± 0.19 post-TMZ (p<0.01).  The decline 
of  Cho/Cr ratio could be a sign of  tumor response whereas 
the signal reduction of  choline-containing compounds may 

-
terations of  the phospholipids metabolism which generally 
take place when cell growth inhibition is induced by antineo-
plastic drugs (21). The NAA/Cr increase may be a sign of  
a tumor environment improvement noticeable by reduction 
in solid tumor size and edema (22-27). The mI/Cr propor-
tion does not statistical differ between the two observations. 

The Figure 1 illustrates the MRS spectral pattern obtained 
-

age it can be distinguished a reduction in intensity signal of  mI 
and Cho together with a NAA intensity signal augmentation 
as a result of  the TMZ therapy between the two observations.

Patient number 6 do not react satisfactory to therapy as 
was catalogued as non-responder. In this case as can be ob-
serve in Table 1, NAA/Cr ratio decrease while Cho/Cr ratio 
increase 12 months after TMZ administration. This meta-
bolic information demonstrate connection with the MRI re-

the correspondence between the patterns of  contrast media 
enrichment with the metabolic image obtaining from CSI  
(Cho/Cr) localized at the posterior cranial fossa. The im-
age illustrated the PA residual activity at the right lobe of  
cerebellum and an extension of  the lesion to the left lobe 

-
out the MRS examination. Thus, the study was capable to 
demonstrate the added value that MRS represents when it is 
performed simultaneously with MRI. Although Computed 
Tomography   and MRI are the primary problem-solving im-
aging methods for initial diagnosis of  brain tumors before 
surgery, MRS may further increase the diagnostic accuracy, 

(28-29). Tumor histology continues to be the most impor-
tant prognostic factor to establish the type of  treatment after 
surgery but biochemical parameters may have an essential 
role in determining the growth rate of  tumors independently 

of  histological grade (30). MRS may also contribute to estab-
lish a prognosis in early stages of  the disease opening a space 
to improve the therapeutic response to TMZ making it more 
effectively with fewer side effects (1-6). Multivoxel MRS al-
lows the compilation of  spectral data from multiple regions, 
including the tumor itself  and its surroundings given infor-
mation about the possible cancerous activity present at solid 
component, edema, penumbra regions and cystic portion of  
the PA allowing an accurately differentiation between tumor 
tissue from radiation necrosis, normal tissue, or other struc-
tural abnormalities that can not be determined with MRI 
examination alone   (31-33). We suggest that MRS can de-
tect early tumor reaction to therapy prior to MRI. Therefore, 
MRS may provide a useful tool for monitoring the answer of  
pediatric PA to TMZ. The link between metabolic markers 
changes due to TMZ treatment assessed by MRS and the 
tumor volume reduction may also provide a fertile ground 
to develop a TMZ-based therapy for pediatric PA and to 
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