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Proton magnetic spectroscopic
imaging of the child’s brain:
the response of tumors to treatment

Abstract Our aim was to determine Key words Brain, tumors -
and/or predict response to treatment ~ Children - Magnetic resonance
of brain tumors in children using spectroscopy
proton magnetic resonance spectro-
scopic imaging (MRSI). We studied
24 patients aged 10 months to

24 years, using MRI and point-re-
solved spectroscopy (PRESS; TR
2000 TE 65 ms) with volume prese-
lection and phase-encoding in two
dimensions on a 1.5 T imager. Mul-
tiple logistic regression was used to
establish independent predictors of
active tumor growth. Biologically
vital cell metabolites, such as N-
acetyl aspartate and choline-con-
taining compounds (Cho), were sig-
nificantly different between tumor
and control tissues (P < 0.001). The
eight brain tumors which responded
to radiation or chemotherapy, ex-
hibited lower Cho (P = 0.05), higher
total creatine (tCr) (P = 0.02) and
lower lactate and lipid (L) (P = 0.04)
than16 tumors which were not
treated (except by surgery) or did
not respond to treatment. The only
significant independent predictor of
active tumor growth was tCr

(P < 0.01). We suggest that tCr is
useful in assessing response of brain
tumors to treatment.

Introduction

nervous system. Between 1973 and 1988 the incidence
of childhood tumors of the nervous system increased

The incidence of cancer has risen in children less than by 30 % [2]. Every year more than 1500 children are di-
15 years of age in the USA [1]. This is largely due to in- agnosed as having brain tumors [3]. Because a child is
creases in lymphoblastic leukemia and tumors of the more likely to develop cancer during the first 5 years of
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life, the etiology of these early cancers is likely to be dif-
ferent from that of those later in life and probably the
result of different factors. Tumors are more aggressive
in children than in adults, but long-term disease control
is often possible [4]. Despite an overall decrease in
childhood mortality due to cancer, mortality due to ner-
vous system cancer has decreased less than that of other
childhood malignancies [1]. This suggests the need for
better control and highlights the importance of evaluat-
ing improved treatment protocols for children with
brain tumors. We anticipated that our study might pro-
vide important preliminary information on the metabol-
ic characterization of childhood brain tumors and their
response to treatment. Our long-term goal is to deter-
mine the clinical utility of serial MRI and MRS as part
of an integrated approach for evaluation of treatment.
MRI complemented by MRS may yield unique prospec-
tive information for the management of children’s brain
tumors.

Our previous studies have suggested that proton MR
spectra acquired within brain tumors can be distin-
guished from those in control tissues of the same pa-
tients [5, 6, 7]. So far, we are in agreement with others
who have used single-voxel MRS to study brain tumors
in children [8, 9, 10, 11, 12, 13] and adults [14, 15, 16,
17, 18, 19, 20]. Additional reports using in vitro [10, 21,
22,23, 24, 25, 26] and in vivo [15, 27, 28, 29, 30, 31, 32,
33, 34, 35] proton MRS have shown similar findings. Sin-
gle-voxel MRS is useful in tumor detection and possibly
differentiation of tumor types, adding to greater speci-
ficity of MRI imaging in the preoperative assessment
of tumors [6, 20, 36, 37, 38, 39].

In order to assess treated tumors, multivoxel spectro-
scopic techniques, permitting spectroscopic imaging,
were needed in the clinical setting. Clinical implementa-
tion of such a technique, two-dimensional chemical shift
imaging (CSI) [40], has been accomplished. This has
shown that the clinical value of MRS may include not
only differential diagnosis of brain neoplasms [39] but
also monitoring of therapy [41, 42]. The clinical question
is whether MRS can aid in detection of response to ther-
apy and in differentiation of tumor recurrence from
treatment effects [38].

We employed a two-dimensional CSI technique to
identify biologically significant indices of response of tu-
mors to therapy and predictors of active tumor growth
within the tumor bed. We postulated that MRS could
be used with MRI in detecting response to therapy.

Materials and methods

We examined 24 patients (11 females and 13 males) aged
10 months to 24 years with brain tumors of neuroepithelial origin
(Table 1) on a 1.5 T system, using two-dimensional CSI proton

MRS. Permission was obtained from the parents of all subjects.
The MRS findings were analyzed in the context of MRI, histopa-
thology, and clinical findings.

Of the 24 patients, patients 1-8 had tumors treated only by sur-
gery, patients 9-16 had tumors treated by radiation or chemothera-
py with recurrence, and patients 17-24 had tumors treated without
recurrence.

We grouped recurrent and untreated tumors as growing or ac-
tive tumors (AT) (Table 2). Tumors treated and showing no signs
of recurrence were classed as inactive (IT) stable. MRS was ob-
tained prior to surgery in patients 1-8 and after treatment in pa-
tients 9-24. Data from the AT and IT groups were compared.
Knowledge about tumor growth in the AT group was derived
from serial MRI demonstrating change in size (surveillance studies
in patients with brain tumors) prior to the MRS. Recurrence was
validated by histology and/or clinical findings. Of the 16 patients
in the AT group, six were treated with radiation, and their clinical
picture could be related to this in addition to growth of the tumor.
Patients 17-24 were followed for at least 1 year before “no recur-
rence” was determined. Our pathology assessment at our hospital
is largely congruent with the World Health Organization (WHO)
[43], and Armed Forces Institute of Pathology (AFIP) [44] sys-
tems.

The MR protocol included conventional MRI and proton
MRS. The former was performed using spin-echo sagittal T1-
weighted images (TR 600 TE 20 ms, two excitations, 24 cm field
of view (FOV), 5 mm slice thickness with a 20% interslice gap,
and a 128 x 256 matrix), fast spin-echo (FSE) proton density-
weighted images [TR 2000 effective TE 17 ms, 1 excitation, 24 cm
FOV, 5 mm slices with a 50 % interslice gap, 192 x 256 matrix, and
echo-train length (ETL) four], and FSE T2-weighted images (TR
3200 effective TE 85 ms, one excitation, 24 cm FOV, 5 mm slices
with a 50 % interslice gap, 192 x 256 matrix, ETL 8).

Proton MRS was performed using point-resolved spectroscopy
(PRESS) [45]. After selecting a 50-100 cc volume, and shimming
and water-suppression adjustments, a large data set was obtained
using phase-encoding gradients in two directions and the following
parameters: TR 1s TE 65ms, 16 X 16 phase encoding matrix,
160 mm FOV, slice thickness 10 mm, 1250 Hz spectral width, two
averages and 512 points. Data sets of 1-4.5 cc resolution were ac-
quired.

The data were processed on a workstation using software previ-
ously described [46, 47]. The data sets were apodized with a 1.0 Hz
Lorentzian filter, Fourier-transformed in the time domain and the
two spatial domains and phased. The spectra were first manually
phased using spectroscopy analysis software (SAGE) and then
the areas of selected metabolite peaks were estimated using P1Q-
ABLE. A locally linear baseline estimator was used to subtract
the broad components of the baseline prior to peak-area calcula-
tions. Metabolite images were generated using SAGE, stored as
TIFF files on a workstation, and then transferred to another work-
station, to which the conventional images and spectral data were
also transferred. The image and spectral data were then processed
using software for image analysis from the National Institutes of
Health (NIH Image).

The metabolite peaks quantified and analyzed statistically
were: choline-containing compounds (Cho), total creatine (tCr),
N-acetyl-aspartate (NAA), and lipids and/or lactate (L). Means
and standard deviations of control metabolite peak values were
calculated from all spectra corresponding to control regions in the
brain of each patient (contralateral tissues and adjacent tissues un-
involved by tumor). Mean metabolite peak values in tumor tissue
were estimated from tumor spectra corresponding to the core of
the lesion on T2-weighted images exhibiting the highest Cho peak
values (greater than the mean plus two standard deviations of the
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Table 1 Clinical data

Case Age, sex Site of tumor Biopsy Treatment
1 5 years, F Right parietal Anaplastic ependymoma Surgery
2 4 years, M Posterior cranial fossa Anaplastic ependymoma Surgery
3 10 years, M Brain stem extending to suprasellar Fibrillary astrocytoma Surgery
region
4 7 years, M Left thalamic Pilocytic astrocytoma Surgery
5 6 years, F Brain stem Glioma Surgery
6 10 months, F Posterior right temporal Fibrillary astrocytoma Surgery
7 9 years, F Posterior fossa Pilocytic astrocytoma Surgery
8 3 years, M Right optic nerve, optic chiasm, Glioma Surgery
optic radiations to temporal lobes
and basal ganglia
9 15 years, M Left frontoparietal Recurrent glioma Surgery
10 22 years, M Right thalamic Recurrent fibrillary astrocytoma Stereotactic radiotherapy
11 18 years, F Left temporal Recurrent anaplastic ependymoma  Radiation seeds; stereotac-
tic radiosurgery
12 24 years, M Left parieto-occipital Anaplastic astrocytoma 3 field stereotactic radio-
surgery
13 15 years, M Midline: hypothalamus and Recurrent medulloblastoma Craniospinal radiotherapy;
chiasmatic cistern chemotherapy
14 8 years, F Posterior cranial fossa/ Mixed glioma (astrocytic and Conventional
supratentorial ependymal)
15 17 years, M Brain stem Diffusely infiltrating glioma 3 field stereotactic radio-
surgery
16 1 year, M Hypothalamus, optic chiasm Pilocytic astrocytoma Chemotherapy
17 7 years, F Tectum Not performed Stereotactic radiotherapy
18 18 years, M Posterior cranial fossa Not performed Stereotactic radiotherapy
19 S years, F Left frontal Ependymoma Conventional; stereotactic
radiosurgery
20 8 years, F Left frontal Ependymoma Radiation
21 17 years, M Left frontal Ependymoma Surgery
22 4 years, F Right anterior thalamus, Not performed Chemotherapy
optic chiasm
23 14 years, M Right temporoparietal Glioblastoma multiforme Stereotactic radiosurgery
24 1.5 years, M Right frontal Low grade infiltrating glioma Chemotherapy

control Cho peak values). Whenever only one tumor spectrum was
detected, the metabolite values from that spectrum were analyzed
statistically. Once the control and tumor spectra to be included in
the statistical analysis were identified, all metabolite peak values
were standardized to the mean control tCr peak value (as an inter-
nal standard) to enable comparison of metabolite levels between
patients [41]. Since the area under the tCr peak is relatively con-
stant throughout normal brain tissue [39], its mean value was used
as an internal standard or reference peak to estimate relative chan-
ges in other metabolites, allowing each patient to serve as his or
her own control.

Mean levels of Cho and NAA corresponding to control and tu-
mor regions were compared within the “AT” and the “IT” groups
using paired t tests whereas the nonparametric Wilcoxon signed-
rank test was used for both tCr and L (Table 2). Mean differences
in peak values of any metabolite between AT and IT were evaluat-
ed by the unpaired Student’s t-test for Cho and NAA and the non-
parametric Mann-Whitney U test for tCr and L (Table 2).

Logistic regression was performed to determine the significant
predictors of active tumor growth, with the likelihood ratio chi-
square test used to assess the significance of each metabolite [48].
Stepwise multiple logistic regression analysis was used to establish
the independent multivariate predictors of active tumor growth us-
ing stepwise criteria of 0.10 for entry and 0.05 for removal in the fi-
nal model. Model fit was evaluated by the Hosmer-Lemeshow
goodness-of-fit statistic. Data analysis was conducted using the
TTEST, NPAR1WAY, and LOGISTIC procedures in SAS version
6.12 (SAS Institute, Cary, N.C.). A two-tailed P < 0.05 was consid-
ered statistically significant.

Results

The quantitative and statistical analysis of our data is
summarized in Table 2. The MRI and MRS findings in
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Fig.1 MRI and proton MRS in
a 17-year-old boy with subtotal
resection of a midbrain thalam-
ic fibrillary astrocytoma. The
contrast-enhanced axial T'1-
weighted image shows a mass
with areas of enhancement. A
spectral grid is overlaid on this
image. Spectra 4-6, corre-
sponding to the areas of con-
trast enhancement, show higher
choline (Cho) levels than con-
trol spectra 1-3 and absence of
total creatine (tCr) and N-acet-
yl aspartate (NAA), suggesting
tumor recurrence. Biopsy con-
firmed a diffuse, infiltrating as-
trocytoma

Cho tCr

control spectra

representative patients are illustrated in Figs.1 and 2.
Fig.3 shows the inverse relationship between standard-
ized tCr levels and the likelihood of active tumor
growth. Three metabolite peaks of biological interest,
NAA, Cho and tCr were clearly identifiable in all cases.
In some cases, the L peak was also identifiable. Our ac-
quisition protocol yielded spectral data with a high sig-
nal-to-noise ratio, as shown in Figs.1 and 2.

Table 2 presents standardized metabolite peak val-
ues of tumor regions as compared to control regions in

S TS .
REEMERCIER

tumor spectra

AT and IT groups. Cho peaks were significantly higher
(P <0.001) and tCr and NAA peaks lower (P < 0.001)
within tumor. The L peak, when identifiable, showed a
significant increase in tumor (P = 0.03). In the IT group
Cho was again significantly increased (P =0.02) and
NAA significantly decreased (P =0.01) within tumor.
Cho values in the AT group were significantly higher
than those in the IT group (P =0.05). The tCr values
were significantly different between groups only within
tumor regions (P = 0.02). The L peak values were signif-

Table 2 Standardized metabo-

Metabolite* T ft Pe
lite levels (mean and standard ctabote yp'e o” umor -
deviation) in active and inac- Active® (16) Inactive® (8)
tive tumors. N§ Not significant ¢y 1ine (Cho) Tumor 220 +0.81 1.57 + 0.49 0.05
Control 0.93 +0.21 0.94 +0.16 NS
P <0.001 0.02
Total creatine (tCr) Tumor 0.23+0.34 0.80 + 0.61 0.02
Control 1.00 + 0.00 1.00 + 0.00 NS
P < 0.001 NS
N-Acetyl aspartate Tumor 0.73 £ 0.50 0.57 £ 0.47 NS
(NAA) Control 1.51 £0.55 1.73 £0.42 NS
P <0.001 0.01
Lipid + Lactate (L) Tumor 1.14 + 1.86 0.00 + 0.00 0.04
Control 0.02 + 0.07 0.01 £ 0.02 NS
P 0.03 NS

* All metabolite levels for a patient have been divided by the mean level of total creatine in the control

region of that patient

® Untreated tumors and nonresponders with recurrent or active tumor (n = 16)

¢ Responders with inactive tumor (n = 8)

d P values comparing active and inactive tumors: unpaired Student’s t-test for choline and N-acetyl as-
partate; Mann-Whitney U-test for creatine and lipid and lactate

¢ P values comparing tumor and control regions: paired #-test for choline and N-acetyl aspartate and
Wilcoxon signed-rank test for creatine and lipid and lactate
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Fig.2 MRI and MRS of a 5-
year-old girl with recurrence of
an ependymoma resected

2 years prior to this study. A re-
currence was found a year after
the initial surgery and the pa-
tient underwent a second re-
section followed by radiation
therapy. A contrast-enhanced
axial T1-weighted image. Spec-
tra 4-6, from the areas of en-
hancement show levels of NAA
and tCr higher than those typi-
cally seen in active tumor, as in
Fig.1. Cho levels are higher
than in control spectra 1-3, but
not as high as in active tumor,
suggesting that the tumor is re-
sponsive to the radiation thera-

py

Cho
tCr

control spectra

Cho

tCr yaA 4

L
Pphows
[

tumor spectra

Fig.3 Estimated probability of 100
active tumor based on stan-
dardized levels of tCr. Logistic 90
regression demonstrated a
highly significant inverse rela- ]
. . X 80
tionship between standardized <>
tCr and active tumor (P < 0.01). <
The graph shows the likelihood s 707
of active tumor based on the g
total creatine (tCr) level in the = 601
tumor region, standardized by 4
dividing it by the mean tCr lev- S s04
el in control tissue from the ff
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© 40
o
o
£ 30
2
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icantly higher in the AT group (P = 0.04); the IT group
showed essentially undetectable L peaks.

An inverse relationship between tCr and the estimat-
ed likelihood of active tumor is shown in Fig.3. The
stepwise logistic regression analysis established that tCr
was the only significant independent multivariate pre-
dictor of tumor growth (P <0.01). Cho, NAA, and L
did not provide additional predictive information con-
cerning active tumor. The Hosmer-Lemeshow good-

T Y T T T T T T T

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Total Creatine (tCr)

ness-of-fit test did not reveal departure from model fit
(P =043).

Discussion

We designed a study to investigate MRS-derived factors
that relate to the both active and inactive states of a tu-
mor. We devised what we believe to be appropriate in-
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clusion criteria for two groups of patients: those with ac-
tive (AT) and inactive (IT) tumors. Subsequently, we
applied what we take to be an appropriate multivariate
statistical analysis to determine which of the MRS-de-
rived, tumor-associated factors were independently pre-
dictive of tumor activity. Because we did not analyze
tumor progression on MRS, multiple studies were not
required. Tumor progression was determined by objec-
tive clinical criteria. In addition, we did not investigate
tumor response to a specific therapy regime. We there-
fore included in our analysis patients treated with our
currently approved clinical protocols. Our study popula-
tion was heterogeneous with regard to tumor type and
age of the patients. Histologically different neuroepi-
thelial tumors may be expected to differ in their re-
sponse to treatment. Nevertheless, if they do respond,
they become inactive (regardless of how they have
been treated) and may be distinguished from active tu-
mors (those newly diagnosed or recurrent). We there-
fore believe that the study design did not require a
specific neuroepithelial tumor type. It was not our in-
tention to make inferences about specific tumor types,
such as medulloblastomas, of which there was only one.

Although all the tumors in our study were of neu-
roepithelial origin, histological subtypes and tumor het-
erogeneity may influence the distribution of Cho,
NAA, tCr and L. We therefore used the Wilk-Shapiro
test [49] to evaluate whether any given metabolite
showed a significant departure from normality. The
Wilk-Shapiro test indicated that the peak values of Cho
and NAA were approximately normally distributed,
with no serious deviations from homogeneity of vari-
ance. However, significant departures from a Gaussian
distribution were detected for both tCr and L values.
Mean levels of Cho and NAA corresponding to control
and tumor regions were therefore compared in the AT
and IT groups using paired t tests, whereas the nonpara-
metric Wilcoxon signed-rank test was used for both tCr
and L.

Our decision to use TE 65 ms for MRS was made for
the following reasons. Most MRS studies of brain tu-
mors have used an echo time of 270 or 272 ms, to detect
lactic acid. We were not interested in detecting lactic
acid, since it has been shown that it does not necessarily
correlate with tumor grade or activity. Nevertheless, lip-
ids might be important as they relate to tumor necrosis
(unpublished data), a criterion for grading. It was our
pretest hypothesis that an echo time of 65 ms would al-
low us to null lactic acid, increase sensitivity to lipid
and avoid diffusion artifacts and water-suppression fail-
ures experienced with PRESS echo times shorter than
65 ms. Lastly, it allowed us to detect the total creatine
signal which may not be detected with longer echo
times.

Tumor spectra were chosen to have Cho peak values
two standard deviations or more above control means.

We believe these were the most relevant spectra, since
Cho may be low when the volume of interest contains a
high degree of necrosis and/or cysts. This has been sug-
gested by studies on solid tumors, which exhibit impres-
sively high Cho [50]. Although we used a discriminative
analysis with spectra preselection, the variability of our
tumor data is greater than that of our control data (Ta-
ble 2), reflecting the greater metabolic heterogeneity of
the tumors.

Our MRS results using proton two-dimensional CSI
support and extend our previous work [5, 7,41]. The pre-
sent work confirms that spectra acquired within tumors
can be differentiated (qualitatively and quantitatively)
from those in surrounding non-neoplastic tissue, find-
ings in agreement with those reported elsewhere [9, 19,
20, 38]. Furthermore, this study demonstrates that levels
of cell metabolites of biological importance, such as
Cho, tCr, NAA, and L, are different in active and inac-
tive tumors. Changes in Cho, tCr and L, could be used
to monitor effectiveness of therapy because their values
differ significantly according to the response of the tu-
mor. NAA, however, remains unchanged in untreated,
active or inactive neoplasms.

The Cho peak

The observed increase in Cho may be attributed to rapid
membrane turnover characteristic of neoplasia [51].
This statement, made by other researchers who also
need to explain a significant increase in Cho on the basis
of a cellular event, deserves further investigation. The
peak value is modulated by the responsiveness of tu-
mors to therapy and is in agreement with others
[38,52]. Recent evidence supports the notion that Cho
increases in regions receiving high doses of radiation
and during the acute phase of radiation treatment [53].
An intriguing question is the composition of the Cho
peak in vivo and how the constituents relate to neoplas-
tic processes. In vitro work on the canine cerebrum by
Barker et al [24] sheds some light on this, suggesting
that the Cho peak consists of water-soluble Cho-con-
taining compounds such as phosphocholine and glycer-
ophosphocholine. Others have suggested that the
amino acids taurine and hypotaurine, inositol and phos-
phoethanolamine, may all also be constituents [54].

The NAA peak

NAA, a proposed neuronal marker [55, 56], although
shown to be significantly low in tumors, did not qualify
as a useful marker for monitoring therapy. This limita-
tion is possibly because many processes other than neo-
plasia, displace cerebral tissue. Since NAA is found in
gray and white matter and in immature neurons [57],
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its decrease in tumors may reflect the fact that they re-
place normal tissue. Where neoplastic tissue invades
normal tissue and neoplastic and normal tissue are inter-
mingled, a stronger NAA signal may be detected, prob-
ably arising from normal rather than neoplastic tissue.
Nevertheless, when the change in Cho is taken together
with the change in NAA, demonstration of the extent to
which the cerebral tissue is displaced by the tumor may
be of clinical value. This can also aid in the identifica-
tion of sites of radiation necrosis, characteristically low
in Cho and NAA [41].

The tCr peak

This work indicates that of the four detectable metabo-
lites, tCr seems to be the strongest predictor of active tu-
mor in the tumor bed (Fig.3). In most reported studies
tCr has not been considered a major peak in tumors be-
cause of its low signal. This has been due to the fact that
most investigators tailored their MRS protocols to de-
tect lactate by using a long TE (135 or 270 ms). At such
long TE, the tCr signal is reduced, due to its T2 decay.
We used TE 65 ms, resulting in detection of both lipids
and lactate and a strong signal from tCr. We were thus
able to observe differences in tCr between active and in-
active tumors. It seems that tCr indicates the energy sta-
tus of the cells in the tissue, apparently low in active
tumors. Although speculative, this comment is consis-
tent with the expectation that active tumors should be
energy-exhausted due to the fast replication of neoplas-
tic cells. The potential clinical significance of tCr peak
as a predictor of tumor growth may lie in screening for
energy-exhausted tumors and predicting their response
to treatment.

Unlike tCr, Cho was not a significant independent
predictor of active tumor. This may not be surprising in
view of the phosphorus MRS results suggesting phos-
phocreatine (PCr) as a strong indicator of tumor meta-
bolic activity [58, 59]. PCr and creatine (Cr) both
contribute to tCr. Energy-exhausted tumors also be-
come drained of PCr. Due to energy depletion, Cr,
which requires active transport into the cell [60, 61] is
prevented from entering the tumor cells, which results
in a reduction of the tCr signal. Finally, cell disruption
results in a diminution of the tCr signal. This hypothesis
needs further exploration and verification, as it intro-
duces a new metabolic index of interest in proton MRS.

The L peaks

L peaks were not detected in all patients. We have con-
sidered that the L peaks consist primarily of lipids and
secondarily of lactate. Our acquisition protocol, with
TE 65 ms, was not optimized to detect lactate. Garwood

and colleagues [62, 63] focused attention on lactate and
tailored their protocols accordingly, showing in animal
studies that lactate is an indicator of tumor metabolic ac-
tivity, a role that others have disputed [33, 51]. The role of
lactate inin vivo MRS of tumors can not to be established
until the appropriate pulse sequences and protocols are
implemented for detecting lactate in the clinical setting
[35, 64, 65]. We set the TE at 65 ms because this was the
shortest that could be implemented, to achieve T2
weighting and sensitivity to metabolites with a short TE,
such as lipids. Peaks in the 0.8-1.8 ppm range are proba-
bly due to aliphatic compounds (lipids) and other macro-
molecules (proteins). Certain investigators have
considered lipids as important indicators of cell activity
and indices of tumor grade [19, 66, 67, 68, 69]. Our data
are consistent with this: lipids were significantly higher
in active tumor than in control regions and in active than
in inactive tumors. This change may be of biological sig-
nificance. A mechanism by which active tumors may re-
lease free aliphatic compounds, resulting in an increased
in such signals in the proton MR spectrum, needs to be
explored. Investigators studying treated tumors implant-
ed in rats, have observed an increase of lipids as a result
of tumor and/or treatment-associated necrosis. This
opens a new discussion regarding lipid peaks and their
value in assessing therapy.

Our data hitherto have suggested the value of MRS
in assessing the response of brain tumors to treatment
by distinguishing between active and inactive tumors.
Others have suggested that in children MRS can pro-
vide objective neurochemical information, thereby al-
tering treatment, whenever MRI is indeterminate [70].
Methods other than MRS for assessing brain tumor
treatment response may be MR perfusion [71, 72], sin-
gle-photon emission tomography (SPECT) and posi-
tron-emission tomography (PET) [68, 73]. SPECT with
thallium-201 chloride (*°'TICI) is more sensitive than
with PET with F-18 fluorodeoxyglucose to primary or
recurrent childhood brain tumors [74], is inexpensive,
available in many clinical centers and provides useful in-
formation supplementary to CT and MRI, although it
may have “false-positive” results in some low-grade gli-
omas [75]. Technetium-99m-DMSA is superior to
201TICI in imaging quality, sensitivity to brain tumors
and specificity for differentiating benign from malignant
tumors [76].

We conclude that: (1) the Cho peak is regulated by
responsiveness of brain tumors to treatment; (2) the
NAA peak is low regardless of tumor state or response
to treatment; (3) the L peaks may help differentiate tu-
mor state; and (4) tCr is the only independent predictor
of active tumor growth.
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