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prognostication.

D iffuse infiltrative pontine tumors' are the most dreaded
cancers in pediatric neuro-oncology because of their his-
torically poor prognosis.” A number of previous 'H-MR spec-
troscopy studies have reported elevated ratios of choline com-
pounds (Cho) over total creatine (Cr), Cho/Cr, and
N-acetylaspartate (NAA), Cho/NAA, in tumor regions, com-
pared with normal brain tissue,* and a relationship between a
high Cho/NAA ratio and a short duration of survival was dem-
onstrated in heterogeneous groups of pediatric patients
with brain tumors.*” To the best of our knowledge, there
are no longitudinal MR spectroscopy studies in the litera-
ture evaluating diffuse pontine tumors in the pediatric age
population.

Case Reports

Two pediatric patients (a boy, aged 7, patient 1; a girl, aged 10,
patient 2) with diffuse pontine tumors underwent MR imaging
and '"H-MR spectroscopic imaging of the brain and brain stem
before treatment (baseline), approximately 5.5 weeks (follow-up
1) and 10 weeks (follow-up 2) after completion of radiation
treatment.

Patient 1 had an atypical presentation initially. He presented only
with headaches and had no neurologic deficits, which clinically sug-
gested a less aggressive tumor. Patient 2 presented with multiple cra-
nial neuropathies, typical symptoms of a diffuse pontine tumor. Pa-
tient 1 became more ill with time and developed multiple symptoms
before the start of radiation therapy. Both patients received involved
field external beam radiation therapy, and a total of 5400 cGy was
delivered over 30 fractions. Clinically, both patients improved dra-
matically during and after the completion of radiation therapy despite
worsening spectroscopy findings. As in most cases of diffuse pontine
tumors, during a short period of time, these 2 patients both deterio-
rated and died of their disease. Patient 1 developed disseminated dis-
ease throughout the CSF with communicating hydrocephalus for
which he received spinal radiation and a ventricular shunt. Lepto-
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Longitudinal MR Spectroscopic Imaging of
Pediatric Diffuse Pontine Tumors to Assess
Tumor Aggression and Progression

SUMMARY: Two pediatric patients with diffuse pontine tumors underwent MR spectroscopic imaging
pre- and postradiation. Choline/creatine (Cho/Cr) and Cho/N-acetylaspartate (NAA) ratios were elevated
before treatment, with no MR imaging contrast enhancement. These ratios were further elevated at
2 posttreatment follow-up studies, despite signs of excellent clinical improvement at initial follow-up.
This study suggests that MR spectroscopic imaging is more specific in assessing the aggressiveness
of diffuse pontine tumors than conventional MR imaging and can serve as a valuable tool in early

meningeal disease or CSF dissemination is uncommon in pediatric
patients with diffuse pontine tumors but has been reported.®

MR Imaging/MR Spectroscopic Imaging Techniques

The MR imaging/MR spectroscopy studies were performed by using a
whole-body 1.5T GE Excite scanner (GE Healthcare, Milwaukee,
Wis) with the quadrature head coil as the transceiver. The MR imag-
ing protocol includes precontrast sagittal and axial T1-weighted, axial
T2-weighted, axial fluid-attenuated inversion recovery (FLAIR), axial
diffusion-weighted, and postcontrast T1-weighted images in axial,
sagittal, and coronal planes. The precontrast FLAIR images (TI/TE/
TR, 2200/160/10 000 ms; 3-mm section thickness with no spacing
between sections; 256 X 192 matrix size) served as scouts for place-
ment of the rectangular volume of interest (VOI) of the 3D MR spec-
troscopic imaging data acquisition, which was performed after the
precontrast MR imaging acquisition, but before gadolinium contrast
medium administration. The 3D MR spectroscopic imaging VOI en-
compassed the lesion (hyperintense area on FLAIR images), as well as
surrounding normal-appearing brain tissue. Outer volume satura-
tion bands were applied around the VOI to avoid signal intensity
contaminations caused by subcutaneous lipid, bone, and varying
magnetic susceptibility effects that might compromise the quality of
the spectra. A point-resolved spectroscopy sequence (PRESS) image
with water suppression was used to collect the 3D 'H-MR spectro-
scopic imaging datasets with TR/TE, 1000/144 ms; 8-cm field of view;
10-mm section thickness, 3D phase-encoding (8 X 8 X 8, resulting in
1-mL nominal voxel size), 1000-Hz spectral width, and 2048 data
points. The MR spectroscopic imaging VOI location, size, and acqui-
sition parameters were kept the same for each patient during fol-
low-up studies by using anatomic landmarks. The axial postcontrast
T1-weighted MR images were collected with the same section num-
ber, location, and thickness as the axial FLAIR images.

FuncTool software (GE Healthcare) was used for MR spectro-
scopic imaging data processing. The raw MR spectroscopic imaging
data were processed by using 10% shifted gaussian function with
1.25-Hz line broadening, Fourier transformation, phase corrections,
and baseline corrections. The processed data were further interpo-
lated in the superior-inferior direction to generate 1 MR spectro-
scopic image for overlay onto each 3-mm-thick FLAIR image. Major
resonance peaks of NAA (2.0 ppm), Cr (3.0 ppm), and Cho (3.2 ppm)
for each MR spectroscopic imaging voxel were assigned and numer-
ically integrated to estimate peak areas. Peak area ratios were calcu-
lated for Cho/NAA and Cho/Cr.

An image processing software developed at our institution was



Fig 1. Postcontrast axial T1-weighted MR image of patient 1 at baseline (A4), showing no
enhancement, and at follow-up 1 (B), revealing contrast enhancement in the tumor region.

used to trace and measure contrast enhancement volume (CEV) in
the axial postcontrast T1-weighted images.

MR Imaging Findings

There was no contrast enhancement (CEV = 0) in the tumor regions
of both patients at baseline. Figure 1A shows an axial postcontrast
T1-weighted image of patient 1 at baseline, revealing no contrast en-
hancement. Contrast enhancement appeared at follow-up 1 for both
patients (5.5 mL for patient 1 and 1.6 mL for patient 2). Figure 1B
shows a postcontrast image of patient 1 at follow-up 1, demonstrating
contrast enhancement in the pons. The CEVs further increased at
follow-up 2 (6.6 mL for patient 1 and 8.5 mL for patient 2). The time
courses of the CEV changes for both patients are depicted in Fig 4. By
visual examination, the volume or the degree of expansion of the
brain stem did not change for either patient from baseline to fol-
low-up 2.

MR Spectroscopic Immaging Findings

Atthe baseline, despite the fact that there was no MR imaging contrast
enhancement in the tumor of either patient, the MR spectroscopic
imaging data showed significantly elevated ratios of Cho/NAA and
Cho/Cr in the tumor region compared with those of the normal-
appearing brain tissue. Figure 2A shows the MR spectroscopic imag-
ing grid (in green) overlaid on a FLAIR image of patient 1. The white
box within the MR spectroscopic imaging grid is the region of excita-
tion or the PRESS box for data acquisition. Figures 2B and 2C dem-
onstrate the proton spectra obtained at baseline from a voxel located
in the tumor and a voxel located in the normal-appearing region of
interest (NAROI) in the parenchyma, respectively. The elevated Cho
peak and reduced NAA peak seen in Fig 2B suggest the high-grade and
aggressive nature of the tumor, which was not implicated by clinical
examinations of patient 1 at this stage.

For both patients, Cho/Cr and Cho/NAA were further elevated to
various degrees in different regions at follow-ups 1 and 2, indicating
cancer progression despite radiation treatment and signs of excellent
clinical improvement for both patients at follow-up 1. As an example,
Fig 2D shows the proton MR spectrum of patient 1 acquired at fol-
low-up 1 from the same voxel location of the spectrum shown in Fig
2B, exhibiting further elevation of the Cho peak and reduction of the
NAA peak, as well as the detection of lipid (Lip) and lactate (Lac)
peaks (1.3-1.4 ppm). Figure 3A demonstrates a zoomed (2 X 3) array
of proton spectra collected at follow-up 1 from the tumor region of
patient 1, where contrast enhancement was observed on the T1-
weighted images as shown in Fig 3B. The spectra from a few voxels
demonstrate increased Cho peaks and dominant Lip/Lac peaks. The
detection of the latter may be due to necrosis caused by high tumor
turnover rate and/or radiation treatment. The Lip/Lac peaks were not
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Fig 2. (A) The region of excitation or PRESS box (white) and the phase-encoding matrix
(green) for the MR spectroscopic imaging data acquisition are superimposed on an axial
FLAIR MR image of patient 1 at baseline. The region of excitation encompasses the lesion
(region of hyperintensity on the FLAIR image) and surrounding normal-appearing tissue. (B)
Proton spectrum from a voxel in the tumor area (red box) of patient 1 at baseline. (C) Proton
spectrum from a voxel in the normal-appearing tissue area (blue box) of patient 1 at
baseline. (D) Proton spectrum obtained at follow-up 1 from the same voxel of origin for the
spectrum shown in B.

detected in the nearly identical voxel locations at baseline. This find-
ing suggests that it is highly unlikely that the observation of these
peaks was caused by susceptibility artifacts. The fact that Cho peak
elevation was observed in addition to Lip/Lac peaks suggests poor
prognosis despite clinical improvement. These spectra helped in iden-
tifying extensive viable tumor and disease progression, not radiation
necrosis, as the dominant ongoing process.

Figures 4A and 4B depict, during the time course of this longitu-
dinal study, the changes of Cho/Cr and Cho/NAA in the same lesion
voxel locations and the same NAROI voxel locations for patients 1
(Fig 2) and 2, respectively. The Cho/NAA and Cho/Cr ratios in the
lesions demonstrated continuous rise from baseline to follow-up 2,
whereas those in the NAROIs remained relatively unchanged during
the time course of follow-up for both patients. Both patients showed
clinical deterioration at follow-up 2 and died of the disease after fol-
low-up 2.

Discussion
Diffusive pontine gliomas are a rare entity. Although most

patients (75% or more) improved clinically during treatment,
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Fig 3. Zoomed 2 X 3 array of proton spectra (A4) collected at follow-up 1 from the tumor
region of patient 1, where MR imaging contrast enhancement was observed (B).

the median time to disease progression was only 6—9 months
and median survival, less than 1 year." With only approxi-
mately 7% of patients achieving 2-year survival rates, the prog-
nosis was worse than that for any other brain tumor in the
pediatric age group.” The diagnosis of these types of tumors
relies on clinical abnormalities and MR imaging findings. MR
spectroscopy studies may provide further help in diagnosis of
a neoplastic lesion by revealing increased metabolic ratios of
Cho/Cr and/or Cho/NAA,*? representing a high-grade and
aggressive tumor.

This longitudinal "H-MR spectroscopic imaging study
shows that MR spectroscopy is a useful diagnostic tool for
assessment of pediatric diffuse pontine tumor aggressiveness/
grade at an early stage, well before any MR imaging contrast
enhancement was observed. After the radiation treatment,
both patients showed excellent clinical improvement at fol-
low-up 1. However, the MR spectroscopic imaging studies
performed at that time revealed contradictory findings: fur-
ther elevations of Cho/Cr and Cho/NAA in the tumors, indi-
cating progression of the tumor. This was confirmed by the
deteriorations of the patients’ clinical conditions at follow-up
2. The MR spectroscopic imaging findings were clear and con-
sistent with the natural history of these tumors. The transient
improvement in clinical symptoms may have been due to par-
tial response and decrease in edema.

The tumors showed regional MR imaging contrast en-
hancement during the follow-up studies. It is often difficult to
assess conventional imaging findings in these patients after
radiation therapy. Typically images of the patients develop
contrast enhancement, which can be attributed to radiation
effect/necrosis and/or disease progression with breakdown of
the blood-brain barrier. Because radiation necrosis cannot be
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Fig 4. Scatterplots of Cho/Cr and Cho/NAA (left vertical axis) in the lesion region of
interest and NARQI, and CEV (right vertical axis) at baseline, follow-up 1, and follow-up 2
for patients 1 (4) and 2 (B).

readily differentiated from tumor progression on the basis of
MR imaging contrast enhancement, the MR spectroscopic im-
aging measurement was valuable in demonstrating increased
Cho/NAA and Cho/Cr ratios in enhancing and nonenhancing
regions, consistent with tumor progression and predicting
clinical deterioration. Furthermore, by showing stable metab-
olite levels in adjacent NAROIs during the time course of fol-
low-up, the MR spectroscopic imaging measurement pro-
vided evidence against radiation-induced metabolic
alterations.

Although the number of patients is limited, this longitudi-
nal study suggests that compared with other routine and con-
ventional MR imaging techniques, 'H-MR spectroscopic im-
aging can provide an early estimate of tumor grade/
aggressiveness in pediatric patients with diffuse pontine
tumors and can also serve as a better indicator or a surrogate
marker in early prediction of treatment failure and cancer pro-
gression. Inclusion of proton MR spectroscopic imaging in
radiologic examinations may be of critical importance in clin-
ical management of this type of patient, who usually has a very
poor prognosis and short survival duration. Early detection of
cancer progression may lead to alteration of therapy regimen
or may allow the patient to be a candidate for investigational
treatment protocols at an earlier stage, thus possibly prolong-
ing the duration of survival.
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