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FDG Imaging of Spinal Cord Primitive

Neuroectodermal Tumor
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PET with '®F-fluoro-2-deoxy-glucose (FDG) is well established as an
effective imaging modality for evaluating suspected brain tumor
recurrence. Use of FDG PET imaging for spinal cord neoplasms has
not yet been studied, in large part due to limitations of spatial
resolution. One report of FDG PET imaging of brain involvement with
primitive neuroectodermal tumor (PNET) demonstrated mild hypo-
metabolism relative to cortical gray matter. We demonstrate with
FDG PET imaging the appearance of recurrent intramedullary PNET
affecting the cervical spinal cord.

Key Words: PET; spinal cord; neoplasms; primitive neuroectoder-
mal tumor
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PET has been extensively applied to the evaluation of central
nervous system (CNS) neoplasms, especially high-grade glial
tumors. Tumoral uptake of '8F-fluoro-2-deoxy-glucose (FDG)
has been shown to correlate with histological aggressivity and
prognosis in both primary and recurrent gliomas (/-5). Hyper-
metabolism has also been variably reported in primary cerebral
lymphoma (6,7), meningioma (8), medulloblastoma (9) and
non-CNS brain metastasis (/0). Relatively low glucose meta-
bolic rates have been demonstrated in cerebral involvement
with primitive neuroectodermal tumor (PNET) (9). Primary
spinal cord PNET is uncommon and has not been previously
evaluated with PET.

PET rarely has been used to assess neoplastic involvement of
the spinal cord primarily due to limitations of spatial resolution
and sensitivity. DiChiro et al. (/1) demonstrated the feasibility
of PET imaging with FDG for primary astrocytoma of the
spinal cord. Recently, Sasajima et al. (/2) reported visualization
of a spinal cord ependymoma with ''C-methionine and PET.
We present the metabolic imaging features of recurrent in-
tramedullary PNET in the cervical spine using FDG and PET.
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CASE REPORT
Patient History

The patient was a 30-yr-old man who was diagnosed with a
spinal cord tumor 5 yr earlier when he presented with progressive
gait disturbance. MRI of the entire spinal cord and brain was
performed at that time and demonstrated extensive patchy areas of
abnormal signal and expansion of the spinal cord extending from
C-3 to the conus medullaris. Intraoperative biopsy of the lower
thoracic spinal cord identified malignant tissue consistent with
PNET. Tumor resection was performed with bilateral laminecto-
mies from T7 through L2. The patient then received whole-brain
and spine radiation followed by 6 mo of chemotherapy with
vincristine and lomustine. The patient’s condition remained stable
for approximately 4 yr. Serial MRI studies during this interval
demonstrated the persistence of mild fusiform dilatation of the
cervical spinal cord from C-2 to C-7 with accompanying signal
changes and posterolateral and questionable dural enhancement.
The patient then presented with a new upper extremity weakness.
Repeat MRI of the brain and cervical, thoracic and lumbar spine
regions was unchanged with the exception of minimally increased
fusiform expansion of the cervical cord and prominence of poste-
rior dural enhancement (Fig. 1). An FDG PET scan was performed
to evaluate possible recurrent tumor in the cervical spine.

After the PET scan, which indicated recurrent tumor in the
cervical spinal cord, the patient underwent additional radiation
treatment of the cervical spine and brain stem areas. The patient
steadily deteriorated neurologically and died approximately 1 yr
after the PET scan. A limited autopsy confirmed involvement of
the cervical spinal cord, as well as corpus callosum, midbrain,
medulla and hippocampus, with PNET. Intraventricular tumor was
also demonstrated in the lateral ventricles.

PET Imaging
PET imaging was performed on an ECAT ART (CTI PET

Systems, Knoxville, TN), which had an in-plane spatial resolution
of approximately 6 mm and an axial resolution of 5 mm. The ART
comprises two arrays of bismuth germanate block-detectors rotat-
ing at 30 rpm, and the scanner had no septa, acquiring and
reconstructing data three-dimensionally. The patient was posi-
tioned in the scanner with his neck in the 16-cm field of view, and
a 15-min transmission scan was performed before intravenous
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FIGURE 1. MRI of cervical spine. T2-
weighted (echo time = 80; repetition
time = 2000) (A) and T1-weighted (echo
time = 15; repetition time = 400) after
intravenous administration of gadolinium-
DTPA (0.1 mmolkg). (B) Sagittal MR im-
ages demonstrate long segment of fusi-
form dilatation of spinal cord with
increased T2 signal and peripheral en-
hancement (arrow).

injection of 7 mCi FDG. Emission scanning was commenced
immediately after the FDG injection, according to an acquisition
protocol of 5 X 2 min, 4 X 5 min and 3 X 10 min, for a total
duration of 1 hr. The last three frames, acquired from 30—60 min,
were summed to form a single, 30-min image, reconstructed and
displayed as sagittal sections. A single 3.5-mm-thick midsagittal
section through the cervical spinal cord is shown in Figure 2A. The
reconstructed spatial resolution (using a Hanning filter with a
cutoff at 80% of Nyquist) was approximately 8 mm in all three
spatial directions.

The image showed a focal area of markedly increased FDG
uptake along the cervical spine, in agreement with the fusiform
cord dilation and enhancement seen on the MRI. As expected,
intense FDG uptake was also seen in the base of the cerebellum. A
standardized uptake value (SUV) of 3.4 was calculated by placing
an approximately 1-cm diameter circular region of interest (ROI)
over the area of tumor uptake and according to the following
formula:

_ Mean ECAT cps/pixel X ECF (mCi/g/ECAT cps/pixel)
a Injected dose (mCi)/body weight (g)

Suv
Eq. 1

where ECF is the ECAT calibration factor to SUVs for cervical
spinal cord above and below this area ranged from 1.7 to 2.0.

The complete dynamic image sequence was reconstructed and
time-activity curves were obtained for ROIs placed on the carotid
arteries, a section of spinal cord that appeared to show normal FDG
uptake, the lesion with increased FDG uptake and the base of the
cerebellum in the field of view. The time-activity curves, plotted in
Figure 2B for the lesion, normal spinal cord, cerebellum and blood
(carotid arteries), demonstrate uptake of FDG in the lesion to be
comparable to that in the brain (cerebellum) and approximately 2—3
times that of an unaffected region of the spinal cord.

DISCUSSION
We have demonstrated delineation of recurrent intramedul-
lary PNET of the cervical spinal cord with FDG PET imaging.
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FIGURE 2. FDG PET imaging of cervical spine. (A) Summed (30-60 min
postinjection) midsagittal FDG PET image data demonstrates focal elon-
gated segment of markedly increased FDG uptake in midcervical spinal cord.
(B) Time-activity curves demonstrating relationship of FDG uptake among
lesion, blood (carotid arteries), unaffected spinal cord and cerebellum. Usual
peak in blood curve at early times is reduced because of comparatively long
2-min frames. Note that the intense uptake of FDG in lesion is comparable to
that in brain (cerebellum), and is factor of 2-3 higher than normal uptake in
spinal cord.
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FDG PET, which has been used extensively to differentiate
post-treatment change and viable tumor in the brain (/3,14),
has not been routinely applied to image neoplastic involvement
of the spinal cord. Evaluation of the spinal cord with PET is, in
part, limited by scanner spatial resolution, with compromised
sensitivity for the detection of hypermetabolic lesions smaller in
size than approximately 2.5 times the scanner spatial resolution
(15,16). However, current whole-body PET scanners with
resolutions of 4—6 mm FWHM are well suited to extending
imaging of CNS tumors below the neck.

Since the normal spinal cord is comprised of a relatively large
amount of axonal white matter, it manifests lower FDG uptake
than cortical brain tissue on PET imaging. The glucose meta-
bolic rate of white matter is approximately one-third to one-
fourth that of white matter (/7); therefore, tumor-to-back-
ground contrast should be more favorable in the spinal cord
than in cortical brain regions. This has been verified by Di
Chiro et al. (/1), who reported a glucose metabolic rate of 1.7
mg/100 gm brain tissue/min for normal spinal cord (compared
to values of 6.0—7.0 for midbrain pons area) using a tomograph.
Holtoff et al. (9) reported glucose metabolic rates that were
mildly lower than those of cerebral gray matter in two cases of
PNET. Tumor-to-white matter ratios in these two cases were
approximately 1.9 and 1.1. Interestingly, this group reported
glucose metabolic rates of nearly twice that of PNET in the
histologically similar medulloblastoma. In accord with the
findings of Holtoff et al. (9), the spinal cord PNET lesion in our
case was hypermetabolic relative to the unaffected spinal cord
but similar in FDG uptake to the cerebellum. Prior radiation
therapy to the entire neural axis may have diffusely lowered
baseline FDG uptake in all nontumor CNS tissue, further
contributing to increased lesion-to-spinal cord contrast.

CONCLUSION

The most clinically useful role of FDG PET imaging in
patients with CNS neoplasms has been in the diagnosis of
suspected tumor recurrence. In this setting, CT or MRI may be
indeterminant due to anatomical distortion from surgical-,
radiation- and/or chemotherapy-induced changes (/8). PET has

been effectively used to noninvasively distinguish active tumor
from post-treatment effects in the brain. This case report illustrates
that, with the recent progress in PET technology, it is now feasible
to use FDG PET in the evaluation of spinal cord neoplasms.
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Investigation of Angiotensin II/AT, Receptors with
Carbon-11-L-159,884: A Selective AT, Antagonist
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Antagonists of the angiotensin Il AT, receptor subtype have been
recently introduced for treatment of arterial hypertension and for
pharmacological studies of these receptors. The purpose of this
work was to label such an antagonist with ''C and test the
applicability of the radioligand for PET studies. Methods: The potent
and selective nonpeptide AT, antagonlst L-159,884 was labeled

with ''C and injected intravenously into six dogs. Renal accumula-
tion and kinetics of the radioligand were imaged with PET at baseline
and after receptor blockade with 1 mg/kg MK-996. Time-activity
curves were derived from the renal cortex and were analyzed by the
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Gjedde-Patlak plot to obtain the influx rate constant of the radioli-
gand. Results: There was selective radioligand binding in the
kidneys, mainly located in the cortex. Within the time interval
between 95 and 115 min postinjection, the radioactivity retained in
the kidneys was 109 = 27 and 42 + 4 nCi/mVmCi of the injected
dose for the control and inhibition studies, respectively. The influx
rate constant of the radioligand decreased from a baseline of
0.0298 + 0.0156 to a post-MK-996 value of 0.0098 *+ 0.0052.
Conclusion: These results demonstrate distinct binding of ''C-L-
159,884 in the renal cortex with a specific binding component
suitable for quantitative PET imaging of angiotensin IVAT1 receptors.
Key Words: PET; kidney; carbon-11; substituted benzoyl sulfon-
amides; dogs; angiotensin receptors
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