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Regional Methionine and Glucose Uptake in
High-Grade Gliomas: A Comparative Study
on PET-Guided Stereotactic Biopsy
Serge Goldman, Marc Levivier, BenoÃ®tPirotte, Jean-Marie Brucher, David Wikler, Philippe Damhaut, Sophie Dethy,
Jacques Brotchi and Jerzy Hildebrand
PET/Biomedical Cyclotron Unit, Service de Neurologie and Service de Neurochirurgie, ULB-HÃ´pital Erasme; and Department
of Neuropathology, Cliniques Universitaires Saint-Luc, Brussels, Belgium

Gliomas are regionally heterogeneous tumors. The local relationship
between histologie features and radiotracer uptake evaluated by
PET should therefore influence analysis and interpretation of PET
results on gliomas. This study explored this local relationship as a
result of PET guidance of Stereotactic biopsies. Methods: Local
histology was confronted to the regional uptake of 18F-2-fluoro-2deoxy-D-glucose (18F-FDG) and 11C-methionine (11C-MET) in 14
patients with high-grade glioma diagnosed during a procedure of
PET-guided Stereotactic biopsies. We analyzed the uptake of both
tracers in regions of interest centered on the Stereotactic coordi
nates of 93 biopsy samples. Results: A semiquantitative analysis
revealed a significant regional correlation between 11C-MET and
18F-FDG uptakes. Uptake of both tracers was significantly higher on
the site of tumor samples showing anaplastic changes than in the
rest of the tumor. Presence of necrosis in anaplastic areas of the
tumor significantly reduced the uptake of 11C-MET. Conclusion:
PET with 11C-MET and 18F-FDG may help to evaluate, in vivo, the
metabolic heterogeneity of human gliomas. Anaplasia is a factor of
increased uptake of both tracers, but microscopic necrosis in
anaplastic areas influences their uptake differently. This finding
probably relates to the differences in tracer uptake by non-neoplastic components of necrotic tumors. These results underline the
complementary role of 18F-FDG and 11C-MET for the study of brain
tumors and favors their use for Stereotactic PET guidance of
diagnostic or therapeutic procedures.
Key Words: glioma; PET; fluorine-18-fluorodeoxyglucose;methionine; stereotaxy
J NucÃ-Med 1997; 38:1459-1462

Uifferent radiotracers have been used with PET to help in the
management of patients with glioma (7,2). These tracers may be
classified into three groups: the markers of energetic metabolic
pathways, the markers of protein and nucleic acid synthetic
pathways and the radioligands for receptor imaging. Most
investigators use tracers from the two first classes, e.g., 18F-2Received Jan. 22, 1996; revision accepted Jul. 22, 1996.
For correspondence or reprints contact: Serge Goldman, MD, PET/Biomedical
Cyclotron Unit, ULB-HÃ´pital Erasme, 808, route de Lennik, B-1070 Brussels, Belgium.

fluoro-2-deoxy-D-glucose
(18F-FDG) which assays glucose
metabolism, and "C-methionine ("C-MET) or other amino
acid tracers, which assay amino acid transport and metabolism
(3-7). Tracer choice depends on the goals pursued which may
involve diagnosis, lesion delineation, grade and prognosis
estimation and evaluation or prediction of response to treat
ment. For instance, it has been claimed that, for the definition of
tumor limits, PET with " C-MET (MET-PET) is better than
PET with 18F-FDG (FDG-PET) or other modalities such as CT
and MRI (8,9). To compare the characteristics of different PET
tracers, it is essential to ascertain that the brain regions
investigated during different PET procedures are similar, a
condition which may be fulfilled using matching (70) or
preferably Stereotactic methods (8,11-13). Another important
requisite for these comparative analyses is the definition, on the
brain images, of regions of interest (ROIs) which adequately
sample the tumor tissue. Since areas of high tracer uptake may
be different with diverse tracers and since other imaging
modalities, such as MRI, cannot ensure where the limits of the
tumor are (9), histologie control of the regions concerned by the
analysis seem to offer the best guarantee that this requirement is
achieved. Furthermore, this histologie control allows confron
tation of the multiple metabolic data with pathological features
of the tumor. Therefore, we decided to apply a procedure of
PET-guided Stereotactic biopsies (77) to the comparison and
histologie confrontation of PET information provided by two
major tumor tracers used for the management of brain tumors:
18F-FDG and "C-MET.

MATERIALS

AND METHODS

Patients

A consecutive series of 19 patients suspected of having a brain
tumor gave informed consent to undergo Stereotactic biopsies
guided by CT and by PET with successive injection of " C-MET
and 18F-FDG after a procedure which allows image data acquisi-
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TABLE 1
Patient Characteristics
Patient
no.

Age
(yr)

Gender

No. of
samples

Location of lesion

Diagnosis

4-

12345678910111213146066545068753263714761325661MMMFFMMFMMMFMM4575954548108109Left
parietalRight
frontotemporalRight
thalamusRight
3frontalRight
Q.
frontalLeft
lenticularRight
Ã“
frontalLeft
frontoparietalLeft
temporoparietalRight
parietalLeft
frontalRight
thalamusRight
thalamolenticularLeft
temporalGBGBAAAAGBGBAAGBGBAAAAAAGBOA

e

234

AA = anaplastic astrocytoma; OA = anaplastic oligodendroglioma; GB =
glioblastoma.

tion (stereotactic CT and PET), surgical planning and biopsies on
the same day, as described in detail elsewhere (11). The analysis
was conducted on 14 patients with a diagnosis of high-grade
glioma (Table 1). Diagnosis in the patients not included in the
analysis was low-grade astrocytoma (n = 1), metastasis from
undifferentiated tumor (n = 2), gliosis from undetermined origin
(n = 1) and vascular lesion (n = 1).
In all patients, we obtained the PET scans (15 6.75-mm-thick
adjacent slices, eight direct and seven crossed slices, covered the
entire brain) in stereotactic conditions after a protocol previously
described (11,14). The patients were fasted, conscious, in a supine
resting state with eyes closed and ears unplugged. The in-plane
spatial resolution (FWHM) was about 5 mm. During PET acqui
sition, the stereotactic head-ring was secured to the clamp, which
fits both into the CT and into the PET couch. The fiducial reference
system used for stereotactic PET consisted of V-shape tubing filled
with an 18F-fiuoride solution adapted on four localization plates

MET-PET
FIGURE 1. Relationship between the uptake of 11C-MET (x axis) and
18F-FDG (y axis) expressed as tumor-to-cortex ratios at the level of 93
stereotactic samples where tumor tissue is demonstrated histologically
(Spearman rho = 0.77, p < 0.0001). The equation of the linear regression is
y = 0.3x + 0.35.

originally designed for stereotactic MRI. Before the emission
scans, a transmission scan was obtained using a ring source filled
with an 18F-fluoride solution and allowing a measured correction of

mm, length = 1 cm) were obtained from the serial stereotactic
biopsies performed with a side-cutting cannula after the technique
described by Kelly et al. (19). After formalin-fixation and embed
ding, serial sections were obtained and stained with hematoxylin
and eosin, Masson's trichrome and some immunostains (glial
fibrillary acidic protein, S-100 protein, neuron-specific enolase,
vimentin and others) when necessary (20). Presence or absence of
nonexclusive histologie features were recorded in all samples:
infiltrating tumor cells in brain tissue surrounding a tumor, anaplasia, focal microscopic necrosis and extensive microscopic necrosis.
Statistical analysis involved Spearman correlation coefficient,
Kruskal-Wallis test and Mann-Whitney U-test without correction
for multiple comparisons.

the images for attenuation. The subjects were first injected intra
venously with a bolus of 370-550 MBq (10-15 mCi) "C-MET

RESULTS

prepared with an automated synthesis system after the procedure
described by Comar et al. (15,16), and an image was acquired from
20-40 min postinjection. At least 80 min after the "C-MET
injection, each patient was injected with a bolus of about 260 MBq
(7 mCi) 18F-FDG prepared after the method of Harnacher et al.
(17). The delay between both injections ensured negligible con
tamination of the PET-FDG images by residual "C radioactivity.
Static PET-FDG images were acquired from 40-60 min postin
jection.
To estimate the radioactive content at the level of each biopsy
sample site, circular 0.3 cm2 ROIs were centered on the coordinates
of the actual biopsy recorded postoperatively and transferred on the
stereotactic MET-PET and FDG-PET using a local implementation
of the PET processing software.
As previously described (18), we evaluated radioactive content
in noninvolved gray matter using ROIs delineated in the frontal and
temporal cortex of the hemisphere contralateral to the tumor. We
calculated the mean counting rates in the ROIs distributed in the
cortex. These mean counting rates were weighted for the number of
pixels in each ROI and used to calculate tumor-to-cortex ratios.
A total of 93 cylindrical tumor biopsy specimens (diameter = 1
1460

In the total set of 93 tumor samples, tumor-to-cortex ratios
calculated on MET-PET and FDG-PET were highly positively
correlated (Fig. 1, Spearman rho = 0.77, p < 0.0001).
The tumor samples were divided into three categories in
function of histologie characteristics: samples with typical
anaplastic changes (n = 63), samples from nonanaplastic areas
TABLE 2
Relative Uptake of Carbon-11-Methionine and Fluorine-18-FDG at
the Level of Tumor Samples with Different
Histologie Features (mean Â±s.d.)*
Anaplastic
samples
"C-MET
18F-FDG

2.51 Â±1.00
1.13 Â±0.49

Nonanaplastic
samples
1.35Â±0.70t
0.66 Â±

Infiltrating cells
in brain tissue

1.38 Â±0.75*
0.76 Â±0.20Â§

Kruskal-Wallis
p < 0.0001
p < 0.0001

*Values calculated as tumor over cortex ratios.
tMann-Whitney U-test: different from anaplastic samples (p < 0.0001).
*Mann-Whitney U-test: different from anaplastic samples (p < 0.0005).
Â§Mann-Whitney U-test: different from anaplastic samples (p < 0.005).
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RGURE 2. Fluorine-18-FDG (left) and 11C-MET (right) PET Â¡magesof an
anaplastia astrocytoma in the temporal lobe. The uptake of 18F-FDG is
globally reduced in the tumor area, but a spot of high 18F-FDG uptake is
found where stereotactic histologie samples demonstrate anaplasia (arrow).
The uptake of "C-MET is the most pronounced at the level of this anaplastic
area, but increased uptake of this tracer is also found in nonanaplastic zones
of the tumor.

of the tumor (n = 19) and samples with only infiltrating tumor
cells in brain tissue (n = 13). The three categories of samples
had significantly different values of tumor-to-cortex ratios
calculated on MET-PET (Kruskal-Wallis, p < 0.0001). Similar
differences between samples from the three categories were
also found on FDG-PET (Table 2). In both MET-PET and
FDG-PET, these differences were due to the higher values at the
level of anaplastic samples compared to nonanaplastic samples
and samples with infiltrating tumor cells. Levels of tracer
uptake relative to the cortex were different for MET-PET and
FDG-PET. The mean tumor-to-cortex ratio was higher than one
in all three groups of tumor samples for MET-PET but only in
the group of anaplastic samples for FDG-PET. Figure 2
illustrates the higher uptake of both tracers in the anaplastic area
of the tumor in a patient with anaplastic astrocytoma. This case
also illustrates the presence of elevated uptake of " C-MET in
nonanaplastic areas of the tumor where 18F-FDG appears
reduced relatively to the cortex.
Presence of focal or extensive necrosis at the level of
anaplastic samples significantly reduced tumor-to-cortex ratios
calculated on MET-PET (Kruskal-Wallis, p < 0.005). Such a
significant effect of necrosis was not found on FDG-PET, even
if lower values in the few samples with extensive necrosis were
noticed (Table 3). When samples with focal and extensive
necrosis were grouped in the statistical analysis, tumor-tocortex ratios were significantly lower at the level of samples
TABLE 3
Relative Uptake of Carbon-11-Methionine and Fluorine-18-FDG at
the Level of Anaplastic Samples with or without
Necrosis (mean Â±s.d.)*

necrosis
48)2.72
(n =

necrosis
8)1.84Â±
(n =

necrosis
4)1.20
(n =

-Â¡.10*
11C-MET
Â±0.36*
< 0.005
Â±0.90
18F-FDGNo 1.16 Â±0.44Focal
1.12 Â±0.75Extensive
0.74 Â±0.18Kruskal-Wallisp
ns
"Values calculated as tumor over cortex ratios.
tMann-Whitney U-test: different from samples without necrosis (p <
0.05).
*Mann-Whitney

U-test: different from samples without necrosis (p <

0.005).
ns = not significant.

MET-PET

FDG-PET

FIGURE 3. Mean tumor-to-cortex ratios (TU/CX) for11C-MET (MET-PET) and
18F-FDG (FDG-PET) in anaplastic samples with (AN+) and without (AN-)
focal or extensive necrosis at pathologic examination (bar = s.d.). Difference
between AN+ and AN- is significant for MET-PET (*Mann-Whitney U test,
p < 0.005) but not for FDG-PET.

with necrosis on MET-PET (Mann-Whitney
but not on FDG-PET (Fig. 3).

U test, p < 0.005)

DISCUSSION
This study shows a correlated increase in " C-MET and
18F-FDG uptake in anaplastic areas of malignant human gliomas.
The ratio method used for semiquantification of the images
generates directly comparable results for the two tracers.
Despite the normalization inherent to the method, it does not
provide, however, common thresholds of uptake for the two
tracers. Indeed, normal gray matter presents a high uptake of
FDG while its uptake of methionine is relatively low. Simple
relative quantification instead of absolute quantification is
justified by previous results obtained in a different series of
patients and which has showed that, for ISF-FDG, the simple
ratio method is as effective as local glucose metabolic rate
calculation for the differentiation between anaplastic and non
anaplastic areas of brain tumors (21). Furthermore, some
investigations on human brain rumors have refuted assumptions
on the lumped constant which corrects for the difference in
transport and phosphorylation rates between glucose and 18FFDG for quantification by autoradiographic
and graphical
methods (1,22). In addition, the actual local glucose concentra
tion in the tumor capillaries, necessary for metabolic rate
quantification and estimated from the peripheral arterial plasma
level, varies probably regionally in the tumor in function of the
local glycolysis stimulation. Similarly, the biochemical mech
anisms that govern the uptake of ' 'C-MET in brain tumors have
not been clarified yet, and the methods proposed for the
quantification of this uptake doubtfully provide metabolic rates
of a single biochemical process (23,24). Our study, under
histologie control, demonstrates that the uptakes of " C-MET
and 1SF-FDG are heterogeneous within the limits of a malignant
glioma. The heterogeneity demonstrated in vivo by PET prob
ably represents the metabolic counterpart of the well-known
histologie heterogeneity of gliomas (25). Similar influence of
anaplastic changes on the uptake of the two tracers probably
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explains the correlation found between the two uptake ratios in
the whole series of tumor samples.
The relationship between local glucose consumption and
anaplasia, a major predictor of survival in glial tumors (26),
probably originates in the abnormal induction of glycolysis in
malignant proliferating cells, partly as a consequence of overexpression of glucose transporters (27,28). On the other hand,
total dependence of "C-MET uptake on the proliferative
activity of human gliomas seems contradicted by the increased
uptake demonstrated by PET in various low-grade gliomas
(4-6,29). Nevertheless, non-CNS tumor models have revealed
influence of proliferative activity on methionine uptake which
might explain the higher uptake in anaplastic zones in our series
of tumor (30,31). Furthermore, previous PET studies have
revealed higher global " C-MET uptake in high-grade than in
low-grade gliomas (4-6,29).
Our analysis is based on a method of PET-guided stereotactic
biopsy that we have initially developed and validated with
18F-FDG (Â¡1,14). This study demonstrates that "C-MET offers
a worthy alternative for the PET guidance of stereotactic
diagnostic or therapeutic procedures towards the anaplastic
components of the tumor. Compared to I8F-FDG, "C-MET
presents the advantage of a better detection of nonanaplastic
tumor zones and of brain regions with infiltrating neoplastic
cells. This advantage is valuable when a stereotactic procedure
aims at a volumetric resection based on imaging information.
Another advantage of "C-MET compared to F-FDG is the
more reliable differentiation of tumor from gray matter. Nev
ertheless, 18F-FDG may remain the tracer of choice to image
contrast-enhanced lesions on CT or MRI, since blood-brain
barrier alteration has minimal influence on FDG-PET (1,32,33)
but might interfere with "C-MET uptake (23,24,34).
We observe a reduction in ' ' C-MET but not 18F-FDG uptake
at the level of tumor areas with necrotic components. This
observation parallels recent microautoradiographic
results on
animal non-CNS cancer models showing that uptake of 14Clabeled methionine is proportional to the amount of viable
tumor cells and is low in macrophages and other non-neoplastic
cellular components (30). On the other hand, several microau
toradiographic experiments have revealed high uptake of 18FFDG in tumor-associated macrophages and prenecrotic neo
plastic cells (30,35). We have previously attributed to the same
phenomenon the better survival of patients with glioblastoma in
whom a first cycle of chemotherapy induces a hypermetabolic
reaction (18). This uptake of tracer in cellular components
related to the necrotic process might explain our present results
of maintained IKF-FDG uptake in anaplastic areas with necrosis.
CONCLUSION

This stereotactic PET study in human gliomas shows parallel
anatomical heterogeneity of "C-MET and 18F-FDG uptakes
and influence of anaplastic changes on the uptake of these
tracers. Non-neoplastic cellular components are probably im
plicated in the different influence of necrotic changes in
MET-PET and FDG-PET. These results emphasize the comple
mentary role of I8F-FDG and "C-MET for the study of brain
tumors. They support the use of either 18F-FDG or ' ' C-MET for
the stereotactic
procedures.

PET guidance

of diagnostic
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