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We have developed 18F-labeleda-methyl tyrosine (FMT) for PET

imaging. The aim of this study was to evaluate the clinical
application potential of FMT for patients with brain tumors.
Methods: Eleven healthy volunteers and 20 patients with brain
tumors were injected with 185 MBq (5 mCi) FMT. In 3 healthy
volunteers, whole-body imaging and urinary and plasma analysis
were conducted for the assessment of the biodistribution of FMT.
The normal range of cortical standardized uptake value (SUV) as
a reference for comparing tumor SUV of FMT was estimated by
using PET data obtained at 30 min postinjection in 8 healthy
volunteers. Dynamic PET scans were conducted for 100 min in 4
healthy volunteers and for 30 min in 15 patients with brain
tumors. The 10-min static images in another 4 volunteers and all
patients were obtained at 30 min postinjection. In 13 patients,
FMT uptake in the brain tumor was compared with 18F-
fluorodeoxyglucose (FDG). Tumor-to-normal cortex count (T/N)
ratio and tumor-to-white matter count (T/W) ratio and SUVs of

brain tumors were determined on FMT and FDG PET Â¡mages.
Results: Approximately 1480 MBq (40 mCi) FMT were produced
in one radiosynthesis. Percentage injected dose (%ID) of FMT in
the brain ranged from 2.8% to 4.9%, and approximately 50%ID of
FMT was excreted in urine during 60 min postinjection, of which
86.6% was unmetabolized FMT. A faint physiological brain
uptake with SUV of 1.61 Â±0.32 (mean Â±SD, n = 8) was
observed in healthy volunteers. Tumor SUV of FMT ranged from
1.2 to 8.2, with mean value of 2.83 Â±1.57 (n = 23), which was
significantly higher than that of the cortical area in healthy
volunteers (P < 0.01). T/N and T/W ratios of FMT were signifi
cantly higher than those of FDG (2.53 Â±1.31 versus 1.32 Â±1.46,
P < 0.001; 3.99 Â±2.10 versus 1.39 Â±0.65, P < 0.0001,
respectively). Conclusion: FMT, like other radiolabeled amino
acids, can provide high-contrast PET images of brain tumors.
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/-[methyl-"C]methionine ("C-MET), an essential amino

acid tracer for PET tumor imaging, is proven to be useful in
delineating brain tumors (7). Many other amino acids have
been labeled with "C (2-6). Recently, "C-choline (7,8) and
"C-tyrosine ("C-Tyr) (9,10) were also reported as efficient
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agents for PET tumor imaging in patients with brain tumors.
However, the short half-life of 20 min of "C requires
in-house radiosynthesis and repeated radiolabeling for each

PET study, resulting in a limited number of PET studies. The
glucose analog 18F-fluorodeoxyglucose (FDG) is widely

used for detecting various tumors (77), and it has a longer
physical half-life (109 min) than "C-labeled agents. Al

though the detectability of FDG PET for tumors, except
brain tumors, is reported to be similar to that of "C-MET

(72), the high glucose use of gray matter hampers the
identification of brain tumors by FDG PET (13,14). To
overcome these drawbacks of FDG and "C-labeled agents,
an amino acid tracer with a long half-life of 18Fis desirable.
From this viewpoint, L-[2-18F]fluorotyrosine (l8F-Tyr) (75)
and L-[2-'8F]fluorophenylalanine (l8F-Phe) (16) have been
developed and evaluated as tumor-seeking agents. However,
the use of 18F-Tyr and l8F-Phe remains limited because of

rather ineffective radiosynthesis. Recently, we developed
L-[3-18F]-a-methyl tyrosine (FMT) as a tumor-detecting

amino acid tracer for PET imaging (77) because L-3-
[123I]iodo-a-methyl tyrosine (IMT) was already proven to be

clinically useful for SPECT imaging in patients with brain
tumors (18,19). Because the potential use of FMT as a
tumor-detecting agent for PET imaging was confirmed by

using experimental tumor models (20,27), a preliminary
clinical trial of FMT PET for the detection of tumors was
undertaken in our institute. The aim of this study was to
assess the clinical application potential of FMT for patients
with brain tumors.

MATERIALS AND METHODS

Patients
The patients' characteristics, including age, sex. histopathologic

features, localization of tumors, pretreatment, interval from the last
treatment (if any) to the FMT PET scan, method of verification of
FMT PET results, contrast enhancement on CT or MRI and tumor
size are listed in Table 1.

Twenty patients with suspected brain tumors (12 females, 8
males; mean age 41 Â±21 y, range 1-71 y) and 11 volunteers (3
women, 8 men; mean age 40 Â±13 y, range 21-60 y) who had

undergone FMT PET imaging were included in this study over a
17-mo period. Informed consent was obtained from each patient or
child's guardian before the PET study. Twenty patients with brain

tumors included the following: 8 patients with low-grade glioma
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TABLE 1
Patients' Characteristics and Results of PET with 18Fa-Methyl Tyrosine

Pa
tient Age
no. (y)Sex1

30M2

34F3

1F4

52F5

27M6

32F7

49M8

53M9

52F10

60F11

16F12A

17F12B

17F13A

51F13B

51F14A

5F14B

5F15

68F16

26M17

71M18

53F19

57M20
58 MInitial

histologyAstrocytic

tumorgrade
IAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIAstrocytic

tumorgrade
IIIAstrocytic

tumorgrade
IIIAstrocytic

tumorgrade
IIIAstrocytic

tumorgrade
IIIAstrocytic

tumorgrade
IIIAstrocytic

tumorgrade
IVAstrocytic

tumorgrade
IVPresumedgliomaPresumedgliomaPresumedbenign

gliomaLymphomaMeningiomaMetastatic

lesionof
coloncancerMelanomaMetastatic

lesionof
esophagealcancerSite

ofdiseaseRight

frontallobeLeft

frontallobeSuprasellarregionRight

frontallobeRight

frontallobeLeft

front-pari

etallobeRight
front-pari

etallobeRight
temporallobeRight

frontalandtemporal
lobeRight

parietalandoccipital
lobeLeft
cerebellumRight

frontallobeRight

frontallobeLeft

frontallobeLeft

basal gan
gliaPonsPons,

midbrainand
rightcerebellumRight

thalamusBilateral

coronaradiataLeft

basal gan
gliaLeft

temporallobeLeft

parietallobeLeft
parietalandoccipitalTreat

ment
before

PETOP

+IRTNoneNoneNoneOPOP

+CHEOP

+IRTOP

+IRTNoneNoneOPOPOP

+IRT+
CHENoneOP

+IRTIRT

+CHEIRT

+CHENoneNoneNoneNoneOP

+CHEOPTime

from
treat
ment

toPET3yâ€”â€”â€”3y8y8

mo4yâ€”â€”18

mo4y6

moâ€”2

mo2

mo10

moâ€”â€”â€”â€”2

mo2yMethod

of
verificationSurgerySurgerySurgeryBiopsySurgerySurgeryFollow-upFollow-upSurgerySurgeryFollow-upSurgeryFollow-upSurgeryFollow-upFollow-upFollow-upFollow-upBiopsySurgeryFollow-upFollow-upFollow-up"Could

not be determined.

T/N = tumor-to-normal cortex count ratio; T/W = tumor-to-white matter count ratio;SUVtyrosine;
FDG =fluorodeoxyglucose; OP = operation; IRT = radiotherapy;MRI/

CTCNCCNCCC*CCCCCCCCCCNCCCCCCTumor
size
(cm)2.63.04.02.08.04.03.52.34.05.04.54.52.04.02.02.54.01.23.04.52.52.55.0T/NFMTFDG1.42

0.521.94

0.650.96

ND2.14

0.893.37

1.053.13

0.641.60

ND2.22

ND2.63

1.616.03

1.153.86

ND2.78

0.641.69

ND1.83

ND2.45

ND1.30

ND2.09

ND1.22

0.791.14

0.693.40

0.881.68

ND1.67

0.672.08
0.75T/WFMT1.822.852.216.005.825.002.502.703.148.636.753.252.202.443.161.583.292.081.786.002.182.862.60FDG0.890.92ND1.031.231.13NDND3.311.80ND0.93NDNDNDNDND1.571.501.57ND1.051.03=

standardized uptake value; FMT=C
= contrast enhancement; ND = notdone;NC =SUV

oflesionFMT

FDG2.6

ND2.5

ND1.7

ND2.7

ND6.4

3.82.5

2.71.5

ND2.3

ND2.8

5.38.2

9.92.7

ND2.7

1.41.8

ND2.2

ND1.2

ND3.1

ND2.3

ND2.0

ND1.6

2.74.8

4.41.7

ND2.0

6.22.6
4.818F

a-methylno

contrastenhancement;
CHE = chemotherapy.

(astrocytic tumors) (1 grade I and 7 grade II), 5 with high-grade brain tumors was based on the revised World Health Organization

glioma (4 grade III and 1 grade IV), 2 with presumed glioma, 1 classification (22). Diagnoses in the following patients were not
with malignant lymphoma, 1 with meningioma, 1 with melanoma confirmed histopathologically but were presumed on the basis of
and 2 with metastatic tumor (Table 1). Histopathologic diagnosis of the CT or MR images and clinical course, including response to the
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treatment with chemotherapy and/or irradiation. Patient 14 had a
markedly enhanced mass in the pons on CT that regrew after
irradiation and treatment with anticancer drugs. Patient 15 had a
well-defined stable mass on CT and MR images in the right

thalamus for 6 mo. Patient 18 had histopathologically proven colon
cancer and a contrast-enhanced mass in the left temporal lobe on

CT scan. Patient 20, in the postoperative status of esophageal
cancer, had multiple lung mÃ©tastasesand a contrast-enhanced mass
in the left parieto-occipital lobe on Tl-weighted images. Although

the other 16 patients had histopathologically proven brain tumors,
13 FMT PET scans in 11 patients were conducted after the
treatment of brain tumors. Four FMT PET scans were conducted
after the treatment of surgery, 6 were conducted after a combination
therapy of surgery and irradiation or chemotherapy, 2 after a
combination therapy of irradiation and anticancer drugs and 1 after
a combination therapy of surgery, chemotherapy and irradiation.
The interval from the last treatment to FMT PET scan ranged from
2 mo to 8 y. Results of 12 FMT PET scans in 12 patients were
verified histopathologically with stereotactic biopsy or surgical
specimens. The verification of final diagnosis of 11 FMT PET scans
in 10 patients was based on the response to treatment and the
regrowth of tumor for the observation periods of more than 4 mo.

Preparation of FMT and FDG
FMT was produced in our cyclotron facility according to the

method developed by Tomiyoshi et al. (17). FDG was synthesized
according to a modified method of Harnacher et al. (23).

PET Studies
PET was performed with a SET 2400W (Shimadzu Corp..

Kyoto, Japan) with a 59.5-cm transaxial field of view, 20-cm axial

field of view that produces 63 image planes spaced 3.125 mm apart.
Transaxial spatial resolution is 4.2 mm full width at half maximum
(FWHM) at the center of the field of view and axial resolution is 5.0
mm FWHM.

To assess the biodistribution of FMT, whole-body images, taken
using the simultaneous emission-transmission method (24), were
obtained at 0-35 min, 60-95 min and 210-245 min postinjection in
3 healthy volunteers. Urine was collected for 0-60 min and 60-180

min, and venous blood samples were taken at 5, 30 and 60 min
postinjection from the same 3 healthy volunteers. The metabolic
stability of FMT in plasma and urine was evaluated by thin-layer
chromatography and high-performance liquid chromatography,
respectively. By using "S" values reported in MIRD Pamphlet No.

Â¡I(25), the radiation dose to the whole body was estimated.
To perform measured attenuation correction for the clinical trial

of FMT PET, transmission scans with an external source of 68Ge

were performed before FMT injection. Healthy volunteers and
patients fasted for at least 4 h before the FMT PET study. After
intravenous injection of 185 MBq (5 mCi) FMT, consecutive
dynamic brain scans with a 5- or 10-min interval were conducted

for 100 min in 4 healthy volunteers, and for 30 min in 15 patients
with brain tumors. The 10-min static images in another 4 volunteers

and all patients were obtained at 30 min postinjection.
Venous blood samples in 4 healthy volunteers were taken at 2,5,

10, 15, 30, 45, 60, 90 and 120 min postinjection, and the level of
radioactivity in plasma was measured with an autowell gamma
counter.

Regarding FDG PET, patients fasted for at least 4 h and were
injected with approximately 200 MBq (5.4 mCi) FDG. Static brain
images with FDG were obtained at 50 min postinjection with the
simultaneous emission-transmission technique (24). FDG PET

scans obtained within 1 wk of the date of FMT PET were included
in this study.

Quantitative Analysis
A combined filter of a ramp filter with a critical frequency equal

to the Nyquist rate (fNyq= 1.6 cycles/cm) and a Butterworth filter

with a 0.312 cycles/cm cutoff frequency was used as a recon
structed filter to produce the transaxial brain images with FMT and
FDG.

Attenuation-corrected images with FMT and FDG were recon

structed into 128 X 128 matrices with pixel dimensions of 4.0 mm
in-plane and 9.38 mm axially.

With attenuation-corrected images, injected dose of FMT and
FDG. patient's body weight and the cross-calibration factors

between PET and dose calibrator, functional images of standard
ized uptake value (SUV) were also produced. SUV was defined as
follows:

SUV =
radioactive concentration in tissue or lesion (MBq/g)

injected dose (MBqXpatient's body weight (g)

For the analysis of normal brain accumulation of FMT, six round
regions of interest (ROIs) 1cm in diameter over cortical region and
two ROIs 1cm in diameter over white matter were placed manually
on SUV images of centrum semiovale. Mean values of ROIs were
averaged to be defined as the SUV of cortex and white matter in
each patient. The time course of FMT uptake in the cortical region
and white matter was observed by generating the time-activity

curve of mean SUV in 4 healthy volunteers who underwent
dynamic PET. Normal SUV of cortical FMT uptake, as a reference
of tumor FMT uptake, was determined by using the data of FMT
PET obtained at 30 min postinjection in 8 healthy volunteers: the
combined results of 4 healthy volunteers who underwent dynamic
scanning and those of the other 4 healthy volunteers who under
went static scanning.

For the analysis of tumor accumulation of FMT and FDG, ROIs
1 cm in diameter were manually placed on the SUV images over
the area corresponding to the lesions, which included the site of
maximal FMT or FDG accumulation.

Tumor-to-normal cortex count (T/N) ratio and tumor-to-white
matter count (T/W) ratio were also determined on the attenuation-

corrected FMT and FDG PET images. Counts in tumor, normal
cortex and white matter were calculated from ROIs defined in the
same way as those used on SUV images. If the tumor was localized
in the centrum semiovale, ROIs of cortex and white matter were
defined on the contralateral site.

Statistical Analysis
The relationship between FMT and FDG SUVs in the lesions

was assessed by linear regression analysis. The differences in mean
SUV, mean T/N ratio and mean T/W ratio of FMT among
histologie grades, and in mean SUV, mean T/N ratio and mean T/W
ratio between FMT and FDG in lesions were evaluated for
statistical significance with nonparametric Mann-Whitney test.

P < 0.05 was considered significant.

RESULTS

Radiosynthesis of FMT was completed within 45 min
after the end of bombardment of l8F-fluoride. The mean

radiochemical yield of FMT was 20% with respect to the
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trapped CH3COOI8F, and the mean radiochemical purity of

the final solution was >95%.
Approximately 1480 MBq (40 mCi) FMT were produced

in one radiosynthesis. In 11 healthy volunteers, no adverse
reactions were observed after intravenous injection of FMT.

The average percentage of unmetabolized FMT in the
plasma at 5. 30 and 60 min postinjection was 73%, 75% and
78%, respectively (n = 3). The average percentage of

unmetaboli/ed FMT in the urine at 60 min postinjection was
86.6% (n = 3).

Intense uptake of FMT was observed only in urinary
bladder, and its faint uptake was shown in brain, kidney and
liver. The total uptake in brain of FMT, as determined by
whole-body scan in 3 healthy volunteers, was 2.8%, 3.9%

and 4.9% of injected dose at 30 min, respectively. Free
radioactive fluoride was less than 0.5% of total radioactivity
at 5, 30 and 60 min postinjection. The amount of urinary
excretion of FMT was 46%, 48% and 50%. for the first 60
min and 21%, 22% and 25% for the subsequent 2 h,
respectively. The radiation dose to the whole body in 3
healthy volunteers was estimated at 0.049, 0.048 and 0.041
mSv/MBq, respectively.

FMT in blood disappeared rapidly with a t,/2 of about 3
min (Fig. 1). In healthy volunteers, rapid incorporation of
FMT into the brain tissue and maximal brain uptake of FMT
between 15 and 25 min postinjection were observed. This
was followed by a washout phenomenon (Fig. 1). Brain
images of FMT PET revealed faint cortical uptake (Fig. 2),
and the cortical SUV of FMT at 30 min postinjection in 8
healthy volunteers (including 4 healthy volunteers who
underwent dynamic scanning) ranged from 1.3 to 2.3 with a
mean value of 1.61 Â±0.32.

FMT was rapidly incorporated into a brain tumor to reach
the maximal count level at about 10 min postinjection and
remained in the brain tumor until 30 min postinjection (Fig.
3). All 23 FMT PET studies in 20 patients (3 patients

153
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FIGURE 1. Plasma clearance of FMT and time course of FMT
uptake in brain. Plasma radioactivity (A) rapidly decreased after
intravenous administration, and its t,/2 was about 3 min. In 4
healthy volunteers who underwent dynamic scanning for 100
min, brain FMT uptake rapidly increased after injection reaching
maximal value between 15 and 25 min postinjection. After 25 min
postinjection, brain FMT uptake decreased gradually with time.
Cortical FMT uptake (D) was significantly higher than white
matter (*) (P< 0.01). Each point is expressed as mean value of 4

healthy volunteers.

I
FIGURE 2. FMT PET image of brain in healthy volunteer.
Cross sections of cerebellum (left), basal ganglia (middle) and
centrum semiovale (right). Faint cortical uptake was observed on
FMT PET image obtained at 30 min postinjection.

underwent FMT PET twice) clearly detected the brain
tumors (Figs. 4â€”6).

Tumor SUV of FMT ranged from 1.2 to 8.2 with a mean
value of 2.83 Â±1.57 (n = 23), which was significantly higher

than cortical SUV of FMT in healthy volunteers (P < 0.01 ).
T/N and T/W ratios of FMT ranged from 0.96 to 6.03 with a
mean value of 2.29 Â±1.13 (n = 23) and ranged from 1.58 to
8.63 with a mean value of 3.51 Â±1.89 (n = 23), respectively.

There was no significant difference of tumor SUV, T/N ratio
and T/W ratio between low-grade and high-grade glioma
(astrocytic tumors in Table 1) (2.78 Â±1.53 [n = 8] versus
2.60 Â±0.27 [n = 5] in tumor SUV, 2.10 Â±0.82 versus

3.43 Â±1.63 in T/N ratio, 3.61 Â±1.70 versus 4.84 Â±2.70 in
T/W ratio). In 3 patients with low-grade glioma, CT or MR

images revealed no contrast enhancement (patients 2, 4 and
15); however, the tumor SUV of FMT was higher than 2.0.

In 13 patients, FDG PET scans were obtained within 1 wk
of FMT PET studies. T/N and T/W ratios of FMT values
were significantly higher than those of FDG PET (2.53 Â±
1.31 versus 1.32Â± 1.46, P < 0.001: 3.99 Â±2.10 versus 1.39
Â±0.65, P < 0.0001, respectively). In 9 of 13 patients, tumor
SUVs of FDG could be determined. In the other 4 patients,
tumor SUVs of FDG could not be assessed because of
technical problems. There was no significant difference
between tumor SUV of FMT and that of FDG (3.73 Â±2.25
versus 4.58 Â± 2.48 [n = 9]), and there was also no

significant correlation between the two.

DISCUSSION

In this study, we could attain sufficient radioactivity level
of approximately 1480 MBq (40 mCi) FMT by one radiosyn
thesis, making it possible to conduct PET studies in 4

12.5-10a
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FIGURE 3. Time courseof tu
mor SUV of FMT in patient with
brain tumor. Data were ex
pressed as SUV of tumor in
patient with astrocytic tumor
grade III (patient 10). Tumor
SUV of FMT reached its maxi
mum level at about 10 min
postinjection and remained at
that level for 20 min.
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FIGURE 4. 34-y-old woman withastrocytictumorgrade II who sufferedfromepilepsy(patient2). (A) FMT PET image obtainedat 30
min postinjection reveals intense uptake in brain tumor with SUV of 2.5. T1-weighted MR images without (B) and with (C) contrast
media demonstrate tumor as low-intensity mass (B), and no contrast enhancement was observed. After PET scan, tumor was
removed surgically and histopathologically proven to be astrocytic tumor grade II.

patients. The chemical yield of FMT was close to that of
FDG, which used I8F produced by a 20Ne(d,ot)'8F reaction
(26), but lower than that of FDG, which used 18Fproduced
by an 18O(p,n)18Freaction (27). A more efficient radiosynthe-

sis of FMT has to be developed if FMT is to be shared by
other medical institutions.

Blood and urine analysis revealed that about 75% radioac
tivity remained in the unmetabolized FMT. This finding
indicates that in vivo stability of FMT is characteristic of
humans as well as animals (20). The biodistribution in the
whole body, total uptake of brain and the amount of urinary
excretion of FMT seemed to be similar to those of IMT (18).
Although the radiation dose to the whole body of FMT
(0.041-0.049 mSv/MBq) was higher than that of FDG
(0.024 mSv/MBq)(2S) and 123I-IMT(0.007 mSv/MBq) (18),

this was a preliminary result in only 3 healthy volunteers.
Further investigation of volunteers is needed for the estima
tion of absorbed doses in humans as a result of intravenous
administration of FMT.

Rapid uptake in brain tissue and brain tumors observed in
this study corresponded well with the results of fundamental
experiments that used tumor-bearing animals (20,27).

FMT might be incorporated into the tumor cell by active
amino acid transport system as well as the other metabolic
tracer of amino acid such as "C-MET, l8F-tyrosine, "C-
tyrosine and IMT (9,10,15,19,20,29-31). Only an insignifi

cant amount of FMT can be metabolized in the tumor cell
such as IMT (18,20). Although quantitative analysis of FMT
in brain tumor based on the dynamic PET images and the
data of multiple arterial blood sampling was not performed
in this study, the simple metabolic fate of FMT suggests that
basic kinetic model may be applied as one-compartment

analysis (JO).
FMT PET detected all 23 brain tumors clearly (Table 1,

Figs. 4-6), because the physiological cortical uptake around
the tumor was lower than FDG. Breakdown of the blood-

brain barrier does not seem to be a prerequisite for FMT
tumor uptake because large neutral amino acids enter normal
brain tissue. In fact, the intense tumor uptakes on FMT PET
images were observed in low-grade gliomas that showed no

contrast enhancement on CT or MR images, indicating an
intact blood-brain barrier. Recently, Langen et al. (31)

reported that imaging of tumor extent with IMT SPECT was
comparable with "C-MET PET. Even if tumor SUVs of
FMT are not higher than those of FDG, high-contrast tumor

images produced by an FMT brain PET scan make it a more
desirable clinical procedure for detecting brain tumors than
FDG brain PET scans. On the other hand, a faint FMT
uptake in normal brain tissue may help us to localize a tumor
in the brain, as shown on IMT SPECT and "C-MET PET.

A significant correlation of tumor uptake and histologie
grade in patients with glioma was reported with FDG and

B

FIGURE 5. 32-y-old woman withrecurrentastrocytictumorgrade II (patient6). (A) FMT PET image obtainedat 30 min postinjection
demonstrates higher tumor uptake with SUV of 2.5, whereas (B) FDG PET image obtained at 50 min postinjection shows partial tumor
uptake. T1-weighted MR images obtained without (C) and with (D) contrast media reveal low-intensity mass with minimal contrast
enhancement. Comparing surgical findings, tumor extent demonstrated on FMT PET image was more accurate than that on FDG PET
image.
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B

FIGURE 6. 60-y-old woman with astrocytic tumor grade
(patient 10). (A) FMT PET image obtained at 30 min postinjection
shows intense tumor uptake of SUV 8.2. (B) FDG PET image
obtained at 50 min postinjection also demonstrates hypermeta-
bolic tumor of SUV 9.9 associated with inhibition of glucose
metabolism surrounding lesion. Markedly enhanced lesion was
recognized on T1-weighted MR images obtained without (C) and
with (D) contrast media.

201T1(32,33). The relationship of tumor IMT uptake and

histologie grading or FDG uptake of glioma is still controver
sial (34-36). Although further investigation of FMT uptake

in glioma is needed, the tumor uptake of FMT seems to be
independent of histologie grades of glioma and of the tumor
uptake of FDG because clear tumor uptake of FMT was also
observed in patients with astrocytic tumor grade II showing
low FDG uptake (Figs. 4 and 5). Similar findings have been
described with "C-MET in glioma patients (/). On the basis

of these characteristics of FMT as a marker of amino acid
transport, FMT PET might be an effective technique for
assessing the extent of brain tumor and also be useful for
preoperative planning of tumor resection and delineating the
irradiation field (34). Although CT and MRI are unsurpassed
diagnostic modalities for the detection of brain tumors, they
are limited in the differentiation of tumor tissue from
edematous and necrotic tissue.

Although clinical usefulness of IMT SPECT in patients
with brain tumors is not contested (34-37), FMT PET has
some advantages over IMT SPECT. In general, radioiodin-

ated compounds are not adequately stable because of in vivo
deiodination. For IMT, in vivo deiodination within the first
hour is minimal, but it is metabolized and after 90 min only
30% of IMT remains as an intact tracer (18). In contrast,
approximately 75% of FMT in the plasma remains in the
intact form for 60 min. Fluorinated compounds are stable in

vivo, because little l8F-fluoride was detected in animals (20)

and in healthy volunteers injected with FMT in this study,
and no obvious skull uptake was observed in volunteers and
patients with brain tumors (Figs. 2, 4-6) as a result of
released free I8F. Circular radioactivity outside the brain

shown on the FMT PET image seemed to be the uptake in
melanocyte in the hair root. Lower FMT uptake in the frontal
region than that in the temporal and occipital regions was
observed. This corresponded to the density of the hair root.
If it is a bony uptake in skull, ringlike radioactivity should be
seen, even around the brain. This can also be an uptake in the
soft tissue of the scalp, as it is usually seen with other amino
acids. However, the time course of FMT in this area seemed
to be similar to that of tumors (data not presented). IMT also
has a high affinity to melanoma (38,39). In spatial resolution
for tumor detection and quantification of tumor metabolism,
PET is superior to SPECT. In addition, new technology such
as the gamma camera with 511-Kev collimator or coinci
dence circuit may facilitate imaging with 18F-labeled com

pounds (40,41).

CONCLUSION

FMT, like other radiolabeled amino acids, can provide
high-contrast images and may have clinical application.
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