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This study compares the uptake of the nonmetabolizable amino acid
analog 3-[123l]iodo-a-methyltyrosine (IMT) and of [methyl-11C]-L-

methionine (MET) in cerebral gliomas. Methods: In 14 patients with
cerebral gliomas, IMT uptake was measured using SPECT (10
dynamic, 4 static SPECT acquisitions) and, on the same day, MET
uptake by dynamic PET. The IMT and MET data were compared
with respect to tracer kinetics, tumor to brain ratios (T/B) and tumor
size after converting the resolution of the PET scans to that of the
SPECT scans (14 mm FWHM). Results: All gliomas showed in
creased uptake of both tracers in relation to normal brain tissue.
Visual comparison of the scans yielded no differences in tumor size
and shape with both methods. IMT showed a maximal tracer uptake
in brain and in tumors at about 15 min postinjection which was
followed by a washout of 45.0% Â±13.5% in gliomas (mean Â±s.d.,
p < 0.001, n = 10) and 35.3% Â±5.4% in normal brain (p < 0.001,
n = 10) at 60 min postinjection. MET concentration in tumor tissue
or brain tissue between 15 and 60 min remained constant. T/B ratios
of IMT SPECT and MET PET showed a significant correlation at 15
min postinjection (r = 0.69, n = 10, p = 0.03), a low correlation for
the mean values of the scans from 15-60 min postinjection (r = 0.54,
n = 14, p = 0.05) and no correlation at 60 min postinjection (r =
0.09, n = 10, n.s.). Conclusion: IMT and MET uptake in gliomas is
similar in the early, transport dominated phase. There are some
differences in tumor to brain ratios between both tracers within the
first hour postinjection that are mainly caused by variable washout of
IMT. Imaging of tumor extent with IMT SPECT is comparable to MET
PET. Thus, amino acid SPECT using IMT is a promising tool to
evaluate the biological activity and intracerebral infiltration of glio
mas.
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Ã¶tudies of the brain with radiolabeled amino acids show great
potential for more accurate diagnosis of cerebral gliomas (1-6).

Although cranial CT and MRI are unsurpassed diagnostic
modalities for the detection of cerebral space-occupying le
sions, the differentiation of tumor tissue from edematous,
necrotic and fibromatous tissue with these methods is not
optimal. PET with 'xF-fluorodeoxyglucose is useful in estimat

ing tumor grade and prognosis of gliomas (7), but the delinea
tion of tumors is difficult because of high glucose metabolism
in normal cortex.

Various PET studies have shown that accumulation of
[methyl-"C]-L-methionine (MET) spreads beyond the tumor

margin as defined by CT and MRI and correlates with histo
lÃ³gica! tumor spread (1-4,6). The role of amino acid accumu

lation in tumor grading, prognosis, detection of recurrence and
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therapeutic response is still under investigation. The underlying
mechanism of increased accumulation of large neutral amino
acids in cerebral gliomas is not yet fully explained. On the one
hand it is assumed that increased protein synthesis is the driving
force; on the other hand, several studies have given rise to the
assumption that transmembraneous transport phenomena play a
major role in the uptake process (8-11). While brain imaging of
amino acid uptake is easily performed with "C labeling and

PET, tracers for SPECT are rarely available.
3-['23I]iodo-a-methyItyrosine (IMT) is an amino acid analog

initially tested for pancreas imaging and melanoma detection
(12,13). Recent investigations have shown that:

1. IMT accumulates in brain tumors (14,15).
2. IMT, like other large neutral amino acids, is transported

across the intact blood-brain barrier but not incorporated
into cerebral proteins (Â¡5,16).

3. The uptake of IMT by normal brain and gliomas can be
competitively inhibited by infusion of natural L-amino
acids (17).

This study compares the results obtained by IMT-SPECT with
those obtained by MET-PET in patients with cerebral gliomas.
MET was chosen among the many amino acids labeled with ' 'C

for PET studies because most data in the literature are reported
for MET. Since MET is a naturally occurring amino acid that is
incorporated into protein, and IMT is an unphysiological amino
acid that is assumed to participate in the same transport process
(17,18) without being metabolized, this study gives some
insight into the role of transport phenomena for the accumula
tion of large neutral amino acids in human gliomas. This study
of 14 patients with cerebral gliomas compares the two modal
ities for tumor to brain ratios, tumor extent and tracer kinetics
using dynamic PET and dynamic SPECT.

MATERIALS AND METHODS

Patients
Fourteen patients with cerebral gliomas, admitted consecutively

to the department of neurosurgery who agreed to participate in the
study, were investigated by IMT-SPECT and MET-PET. Clinical
data concerning the group of patients are given in Table 1.
Histopathological data were obtained by open surgery or stereo-
tactic biopsy. After the patients had fasted overnight, the SPECT
and PET investigations were performed on the same day, and food
was withheld throughout both investigations. Because the gamma-
radiation of 123Idoes not interfere with the PET measurement, the

IMT-SPECT studies were performed before the PET studies.

SPECT
IMT was prepared, as previously described, with a specific

activity of > 167 TBq/mmole (4500 Ci/mmole) (19). Thirty min
utes before the SPECT study the patients received 900 mg sodium
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TABLE1Patient
DataPatientno.1234567891011121314Age(yr)6158545439664841306154495358SexMMMFMMMMMFFMMMHistopathologyGlioblastomaAstrocytomaGlioblastomaGlioblastomaAstrocytomaGlioblastomaGlioblastomaOligodendrogliomaGlioblastomaAstrocytomaAstrocytomaGlioblastomaAstrocytomaGlioblastomaGradeIVIIIVIVIIIVIVIIIVIIMilIVIIIIVPretreatmentNoneBiopsyNoneNoneBiopsyNoneNoneSurgeryIrradiationNoneNoneNoneSurgeryNoneContrastenhancementin

CT or MRIIMT-SPECT+

+ +Dynamic+
Dynamic+

+ +Dynamic+
+DynamicDynamic+

Dynamic+
DynamicDynamic+

+ +DynamicDynamic+

+Static+
+ +Static+
+Static+++

Static

perchlorate to block possible uptake of free radioactive iodide by
the thyroid. The SPECT studies were performed using a triple-head
gamma camera system equipped with ultra-high resolution fan-
beam collimatore. Head movements were minimized by a plastic
mask adapted to the patient's head before the studies. In 10 of the

patients, dynamic SPECT acquisitions (8X2 min, 9x5 min)
were started after a bolus injection of 370-550 MBq IMT, and in
four of the patients only static SPECT scans from 15-60 min

postinjection. Samples of arterialized venous blood were taken
every 15-30 sec at the beginning with increasing time intervals up
to 1 hr. Blood samples were centrifuged and aliquots of plasma
were measured in a well counter. The well counter was cross-
calibrated against the SPECT scanner using a brain phantom study.
The SPECT data were reconstructed by filtered backprojection
using a Butterworth filter (0.35 high cut, 3.0 roll off) and corrected
for attenuation according to Chang (first order /x = 0.1 ) (20) using
a contour-finding procedure for each slice. No scatter correction
was performed. The plasma input function was corrected for the
non-IMT radioactivity using standard values (/5).

PET
The PET studies were performed about 2 hr after the SPECT

studies using a PET scanner with a 10.5 cm axial field of view (21).
The procedure of positioning and fixation of the patient's head was

identical to the SPECT studies. After transmission scans using a
rotating 6RGa/6SGesource and a bolus injection of 740-1110 MBq

MET, dynamic PET data were recorded for 60 min. Samples of
arterialized venous blood were taken, and the radioactivity of
plasma was corrected for non-"C-L-MET radioactivity using

standard values (22). PET data were reconstructed by filtered
backprojection and corrected for scattered radiation and attenua
tion. In order to make the spatial resolution and partial volume
effects in PET and SPECT comparable, the reconstructed PET
scans were smoothed to the resolution of the IMT-SPECT scans of
about 14 mm by adapting the modulary transfer function.

Data Analysis
The MET-PET scans were transferred to the SPECT computer

system and adapted to the matrix size (64 X 64 pixels), pixel size
(3.57 mm) and slice thickness (3.57 mm) of the SPECT scans.
Identical position and rotation of the transaxial slices in the SPECT
and PET studies was controlled by an overlay procedure. The
MET-PET scans were then evaluated by irregular ROIs placed on
the tumor in the transaxial slice with highest tracer accumulation
and an area of normal brain according to a corresponding CT or
MRI scan. These regions were transferred to the corresponding

IMT scans. Tumor to brain ratios of the radioactivity per milliliter
of tissue at 15 min and 60 min postinjection from the data of the 10
patients who had dynamic scans and the mean values of the tumor
to brain ratios from 15-60 min postinjection for all 14 patients
including those patients who had only static SPECT scans were
used to correlate IMT-SPECT and MET-PET data. For the evalu
ation of tumor spread, the MET PET scans and the IMT SPECT scans
were summed up from 15-60 min postinjection and examined

independently by three experienced nuclear medicine physicians.

Kinetic Analysis
In the 10 patients for whom a full set of dynamic data for SPECT

and PET was available, tracer kinetic evaluations were applied to
tissue and plasma time-activity data. The kinetic evaluations of
IMT data were based on the assumption of a two-compartment
model similar to the nonmetabolized amino acid analog ["C]

aminocyclohexanecarboxylate (23). The IMT data were analyzed
by nonlinear least-square fits using K,, k2 and cerebral blood
volume (CBV) as fit parameters. Furthermore, k, was included to
test the need for a third compartment representing metabolized
radiotracer (23). For a two-parameter model, the ratio of the parame
ters K, and k2 predicts the tissue volume of distribution (Vd).

Since for the evaluation of MET-PET data the extraction of rate
constants for single compartments is crucial (24), the linearization
procedure of Patlak (25) was used to determine the rate constant of
net tracer influx, K.Â¡,which includes tracer transport, protein
incorporation and other intracellular binding. The rate constant of
net tracer influx KÂ¡is given by the slope of the linear part of this
plot, the volume of distribution (Vl() by the y-intercept.

Statistical Analysis
Values are expressed as mean Â±s.d. Statistical methods used

were Student's t-test or Mann-Whitney rank sum test for group
comparisons and Pearson's correlation coefficient. Probability

values less than 0.05 were considered significant.

RESULTS
An example of the kinetics of both IMT and MET in an

astrocytoma Grade II, brain and plasma (Patient 10) is given in
Figure 1. IMT showed a maximal tracer uptake in brain and in
tumors at about 15 min postinjection that was followed by a
tracer washout of 45.0% Â±13.5% in gliomas (p = 0.001, n =
10) and 35.3% Â±5.4% in normal brain (p = 0.001, n = 10) at
60 min postinjection (data not shown). For MET, there was no
significant change in tracer concentration in tumor tissue or
brain tissue between 15 and 60 min postinjection (1.47% Â±
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FIGURE 1. Kinetics of (A) 123l-a-methyltyrosineand (B)11C-L-methionine in

tumor, brain and plasma of Patient 1. For both tracers, radioactivity in the
tumor and brain reaches a maximum at about 15 min postinjection that is
followed by washout of IMT.

7.3%, respectively, -0.97% Â±4.8%, n = 10, n.s., data not

shown).
Data on tumor to brain ratios are given in Table 2. The tumor

to brain ratios for IMT decreased significantly from 15-60 min
postinjection (1.96 Â±0.42 versus 1.61 Â±0.29, n = 10, p <

0.05) while there was no change for MET (2.34 Â±0.44 versus
2.30 Â±0.55, n = 10, n.s.). The mean values of the tumor to
brain ratios averaged between 15 and 60 min postinjection were
significantly lower for IMT than for MET (1.77 Â±0.32 versus

TABLE 2
Tumor-to-Brain Ratios of IMT and MET

Patient
no.1234567891011121314means.d.IMT-SPECT

(Tumor/brainratios)15

min1.371.992.151.312.662.082.001.632.042.32â€”â€”â€”â€”1.960.4260min1.431.131.411.502.231.741.571.701.601.81â€”â€”â€”â€”1.610.29lmean1.401.561.781.402.441.911.781.671.822.061.521.531.582.291.770.32p

< 0.05MET-PET

(Tumor/brainratios)15

min1.991.902.981.882.512.232.621.882.393.02â€”â€”â€”â€”2.340.44P<60min1.781.793.201.832.022.212.781.872.403.13â€”â€”â€”â€”2.300.550.02mean1.891.843.091.862.272.222.701.872.393.081.701.962.092.422.240.45l

2.24 Â±0.45, n = 10, p = 0.02). Tumor to brain ratios of IMT
SPECT and MET PET showed a significant correlation at 15
min postinjection (r = 0.69, n = 10, p = 0.03), a low
correlation for the mean values of the scans from 15-60 min
postinjection (r = 0.54, n = 14, p = 0.05) and no correlation at
60 min postinjection (r = 0.09, n = 10, n.s.; Fig. 2). The visual

comparison of the IMT SPECT scans and MET PET scans
yielded no obvious difference in tumor size and shape. Exam
ples of IMT SPECT and MET PET scans of two patients with
astrocytomas Grade II (Patients 5 and 10) are shown in Figures
3 and 4.

The K, values for IMT, the KÂ¡values for MET and Vd values
for all 10 patients who had dynamic SPECT and PET scans are
presented in Table 3. The nonlinear least-square fits to the IMT
data using K,, k2 and CBV as fit parameters yielded satisfactory
fits to the data (Fig. 5). Addition of k3 to the fit procedure
yielded small values for k3 (krtumors: 0.005 Â±0.006, k3-brain:
0.004 Â±0.004.) without a remarkable improvement of the fit.

An example of a Patlak plot to the MET data of tumor and
brain of Patient 10 is shown in Figure 6. In all patients the
Patlak plots to the MET kinetics in tumors and brain became
linear within the time of measurement. The K, values for IMT
were significantly higher for gliomas than for brain (0.044 Â±
0.021 vs 0.020 Â±0.008, n = 10, p = 0.01 ) as were the KÂ¡values

"C-L-methionine)WW*i iiTumor

/Corteiih*
t*M15

min p.i. 15-60 min p.i. (mean) 60 minp.i.:/.r=0.69

n=10
p=0.032233â€¢/â€¢/*

*.I-U4

â€¢-14
p=0.0512233*

â€¢r=0.09

n=10
p=0.80,n.J.122334Tumor

/ Cortex <1!'l-u-mi-lhyltyrosint)

FIGURE 2. Comparison of tumor-to-
brain ratios for IMT-SPECT and MET-

PET. There is a significant correlation in
the transport dominated phase at 15 min
postinjection, a low correlation for the
mean values of the scans from 15 to 60
min postinjection (including the four pa
tients with static SPECT scans), but no
correlation at 60 min postinjection
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for MET (0.044 Â±0.018 versus 0.019 Â±0.006, n = 10, p =

0.01). The K, values for 1MT and KÂ¡values for MET in the
tumors showed a significant correlation (r = 0.83, n = 10, p <

0.001, Fig. 7). The Vd values for IMT were significantly higher
for gliomas than for brain (0.94 Â±0.27 vs. 0.58 Â±0.13, n = 10,
p = 0.01) as were the Vd values for MET (1.07 Â±0.64 versus
0.45 Â±0.29, n = 10, p = 0.01). There was no correlation

between the Vd values for IMT and MET in the tumors.

DISCUSSION
This study was designed to further validate IMT as a SPECT

tracer of amino acid uptake in brain tumors. In this comparative
study, the amino acid MET was chosen as a reference because
a similarity of the results for IMT and MET offered the chance
to transfer the experiences with MET PET to the clinical
application of IMT SPECT.

In addition, this study compares the intratumoral and intra-
cerebral accumulation of two different large neutral amino
acids, one of which (MET) is a natural amino acid and takes
part in cellular metabolism while the other (IMT) is a synthetic
amino acid that probably uses the same carrier system but is not
incorporated into proteins. The comparability of IMT and MET
results is confounded by methodological differences of SPECT
and PET, but this is not a serious limitation in our opinion.

It was demonstrated that uptake of IMT and MET was
increased in all gliomas in relation to normal brain tissue, and
no conflicting results for the two tracers were observed. While
MET concentration in the tumors and in the brain remained
nearly constant between 15 and 60 min postinjection, IMT
showed a significant washout. IMT washout was higher in the
tumors than in the brain, and as a consequence the tumor to
brain ratios decreased significantly from 15-60 min postinjec
tion. This finding can be explained by a low intracellular
binding of IMT and confirms experimental data that IMT is not
incorporated into proteins (15,16). The lack of significant
intracellular binding also was confirmed by the kinetic analysis
of the IMT data. Nonlinear regression analysis of the IMT
data using K,, k2 and CBV as fit parameters yielded
satisfactory fits to the data. Addition of k3 to the fit
procedure yielded only a minimal improvement of the fit and
small values for k3, indicating no need for a third compart
ment representing metabolized tracer. These results are

FIGURE 3. (A) Comparison of IMT-
SPECT scans (upper row) and MET-PET
scans (lower row) (15-60 min postinjec

tion) in an astrocytoma Grade II (Patient
5). The extent of the tumor area with
increased tracer uptake appears to be
identical for IMT and MET. (B) The con
trast-enhanced CT scan of Patient 5
shows no major contrast enhancement in
the tumor area indicating that there is no
blood-brain-barrier disruption.

similar to those reported for the nonmetabolized amino acid
analog "C-aminocyclohexanecarboxylate (23).

The comparison of the tumor to brain ratios of IMT and MET
yielded a significant correlation at 15 min postinjection, while
at 60 min postinjection no correlation was found (Fig. 2). This
indicates a similarity in the initial transport process of both
tracers, while at 60 min postinjection the variable washout IMT
especially in gliomas produces considerable differences in the
tumor to brain ratios of IMT and MET. The similarity in the
initial transport process of the tracers also is confirmed by the
significant correlation of the K, values for IMT and the K,
values of MET. Since IMT uptake can only be explained by a
transport process, this result gives additional support to the
hypothesis that transport phenomena play an important role for
the increased accumulation of large neutral amino acids in
gliomas (8,9,27). A PET study with L-[2-lsF]fluoro-tyrosine,

an amino acid analog that is incorporated into protein (28),
showed that the difference of uptake between gliomas and
normal brain was due to an increase of K,, while the rate
constant k3 describing binding to the metabolic compartment
was not altered or even decreased in gliomas (//).

The visual comparison of the IMT SPECT and MET PET
scans showed no obvious discrepancies in spread and shape of
the tracer-accumulating tumor area. Therefore, IMT SPECT

appears to have similar diagnostic potentials as MET PET for
the delineation of intracerebral gliomas. For MET, many studies
have shown larger tumor sizes than CT or MRI and that amino
acid PET is better suited to define tumor tissue (1-4,6).

It, however, has to be kept in mind that results concerning
tumor to brain ratios from static IMT SPECT scans (15-60 min

postinjection) may be different from the results obtained by
MET PET due to variable washout of IMT.

A frequently asked question is whether the increased tracer
accumulation of IMT and MET in brain tumors is due to a
disruption of the blood-brain barrier. Since large neutral amino
acids also enter normal brain tissue, a disruption of blood-brain

barrier, in other words, contrast enhancement in CT scans, is not
a prerequisite for intratumoral amino acid accumulation. This
has been shown for MET (1,2,9,10,26) and also for IMT
(15,17). Also in this study there are two patients with astrocy-

FIGURE 4. (A) Comparison of IMT-
SPECT scans (upper row) and MET-PET
scans (lower row) (15-60 min postinjec
tion) in a Grade II astrocytoma (Patient
10). Tumor-to-cortex ratio is higher for

MET than for IMT, but the extent of the
tumor area with increased tracer uptake
appears to be similar for IMT and MET.
(B) The contrast-enhanced CT scan of

the same patient shows no contrast en
hancement in the tumor area indicating
that there is no blood-brain-barrier dis

ruption.
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TABLE 3
Kinetic Rate Constants of IMT and MET

Patient
no.12345678910means.d.K,-IMTtumor0.026

Â±0.0010.038
Â±0.0050.035
Â±0.0010.021
Â±0.0010.053
Â±0.0010.046
Â±0.0020.035
Â±0.0020.034
Â±0.0010.094
Â±0.0060.064
Â±0.0020.0440.021lPK,-iMTbrain0.019

Â±0.0000.015
Â±0.0000.014
Â±0.0000.016
Â±0.0000.01

7Â±0.0010.019
Â±0.0020.015
Â±0.0010.020
Â±0.0010.043
Â±0.0050.021
Â±0.0010.0200.008l<0.01Vd-IMT

Vd-IMTtumor

brain0.840.590.710.811.140.940.751.150.991.520.940.27lp

< 0.010.600.440.450.540.470.820.480.630.620.750.580.13IKÃŒ-METtumor0.0290.0430.0330.0270.0270.0430.0490.0360.0770.0740.0440.018lP<KÃŒ-METbrain0.0160.0240.0120.0150.0150.0200.050.0200.0330.0230.0190.006I0.01Vd-MET

tumor0.570.551.330.521.551.110.811.042.580.661.070.64lP<Vd-METbrain0.260.270.450.250.470.500.380.501.220.250.450.29I0.01

toma Grade II (Patient 5 in Fig. 3, Patient 10 in Fig. 4)
exhibiting no contrast enhancement in the CT scan, which
showed increased uptake for MET as well as for IMT.

Study Limitations
A number of methodological problems have to be mentioned

concerning the absolute values of the rate constants given in this
study. Due to the lack of scatter correction and inaccurate
attenuation correction inherent with the SPECT method, the
absolute K, values for IMT must be considered with caution.
Furthermore, the plasma input functions for the dynamic
SPECT and PET studies were corrected for the non-IMT and
non-MET radioactivity using standard values taken from the
literature. This ignores the interindividual variability in the
metabolization of MET (29) and presumably of IMT. Also, it
has to be considered that, in principle, K, and K| are different
measures. K, describes tracer transport from plasma to tissue,
while Kj gives the net tracer influx, which includes plasma to tissue
transport, protein synthesis and other intracellular binding. A close
coupling of MET transport and intracellular binding, however, has
been reported (26), so that the measured KÂ¡value of MET appears
to be at least representative for MET transport.

1400

1200 .

Tumor
Cortei
2-compartment fit

K, - 0.053 l 0.001 ml/min/K
k2 - 0.047 Â±0.001 I mm

CBV- 7.22 Â±0.9%

Cortei
K, - 0.017 <0.001 ml/min/g
k2 - 0.036 Â±0.002 I/mm

CBV -4.43 Â±0.5%

FIGURE 5. Time-activity curves of IMT radioactivityin the tumor and brain of
Patient 5. Nonlinear least-square fits to the IMT data using K,, k2 and CBV as

fit parameters show satisfactory fits to the data. Addition of k3 to the fit
procedure yielded small values for k3 without a remarkable improvement of
the fit.

CONCLUSION
IMT and MET uptake in gliomas appears to be similar in the

early, transport dominated phase. Differences in tumor to brain
ratios for both tracers within the first hour postinjection are
mainly caused by the variable washout of IMT and to a lesser
extent by differences in the initial transport process. Tumor
imaging and the delineation of gliomas by IMT SPECT are
similar to that of MET PET. Thus, IMT SPECT is a promising
method for the evaluation of tumor infiltration and biologic
activity of gliomas.
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Bilateral Axillary Lymph Node Uptake of
Radiotracer During Lower Extremity Lymphoscintigraphy
Douglas M. Howarth and Douglas A. Collins
Department of Nuclear Medicine, Mayo Clinic, Rochester, Minnesota

Lymphoscintigraphy is a useful technique for the evaluation of
lymphatic function in the presence of limb swelling. The authors
report a case where proximal lower limb and genital swelling in a
23-yr-old man was investigated by lymphoscintigraphy. The patient
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had a history of previous surgery and subsequent infection in the
affected groin. Lower limb lymphoscintigraphy showed features of
an unusual lymphatic drainage pattern that most likely represented
adaptation to chronic lymphatic insufficiency. The drainage pattern
was characterized by marked dermal backflow pattern, aberrant
lymph node uptake in the abdomen and chest and unexpected avid
radiotracer uptake in the axillae bilaterally.
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