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Gliomas : with Special Attention to Recurrence
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Objective : This study concernes the usefulness of "C-methyl-L-and D-methionine[Met)-positron emission tomography[PET) for glioma
grading and detection of recurrence in gliornas, compared with flucrine-18, 2-fluoro-deoxyglucose(FDGI-PET.

Methods : Eighty patients underwent Met-PET study for evaluation of glioma : 37 astrocytornas (WHO grade I, 3; Ill, 8; IV, 26), 27
oligodendrogliomas [WHO grade II, 16; 1il, 11}, and 12 suspicious recurrent gliomas. All images were taken within 2 weeks before
operation. For suspicious recurrent cases on magnetic resonance images, both FDG-PET and Met-PET were performed.

Results : In astrocytoma, Mean maximum standard uptake value[SUV) of region of interest{RO!} was not different between
WHO grades [p=0.108), but ROl/normal contralateral tissue SUV [T/N) ratio was statistically different between WHO grades
{p=0.002). T/N ratio was more closely related to visual scale than maximum SUV of ROI (p<C0.001 and p=0.107 respectively).
In oligodendroglioma, there was no statistical difference between WHO grades in view of maximum SUV and T/N ratio. For
recurrent gliomas, sensitivity of FDG-PET and Met-PET was 25% and 100%, while specificity of FDG-PET and Met-PET were
100% and 80%, respectively.

Conclusion : Met-PET might be an appropriate tool for tumor grading in astrocytorna and be more sensitive for detection of recurrence

in gliomas than FDG-PET.
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Introduction

he fluorine-18, 2-fluoro-deoxyglucose(FDG)-positron

emission tomography(PET) has been standard tracer for
tumor detection, grading, and discrimination between radia-
tion necrosis and tumor recurrence”. However, this tracer is
sometimes not a good one, because of high physiological up-
take in normal brain parenchyma and low uptake in some low-
grade tumors”. Moreover FDG uptake is sometimes non-spec-
ific, such as uptake in inflammation and granulation tissue'®*".
Methionine is essential natural amino acid and enters tumor
cell via the L-amino acid transporter, to meet the demands of
accelerated protein and RNA synthesis in tumors, and "'C-
methyl-L-and D-methionine(Met) is commonly used tracer
for PET*. Owing to its low uptake in normal brain tissue, Met-
PET has been shown to be a sensitive tracer in tumor detec-

tion and tumor delineation. Additionally, it has been used to
differentiate benign from malignant lesions with high sensid-
vity and specificity'®. The authors analyzed the results of Met-
PET in gliomas with different WHO grades and compared the
results of Met-PET with those of FDG-PET in suspicious re-
current gliomas, in order to evaluate its usefulness for glioma
grading and detection of recurrence in gliomas.

Materials and Methods

rom 1997 to 2003, 80 patients underwent Met-PET study
for the evaluation of glioma : 37 astrocytomas (WHO grade
IL, 3; 111, 8; IV, 26), 27 oligodendrogliomas (WHO grade II,
16; I, 11), and 12 suspicious recurrent gliomas. Mixed oli-
goastrocytoma was excluded in this study. Mean age was 48
for astrocytoma, 37 for oligodendroglioma, and 40 years old
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for suspicious recurrent glioma. All images were taken within
2 weeks before operation. If recurrent glioma was suspicious
on magnetic resonance(MR) images, both FDG-PET and
Met-PET were taken at the same time, except for two cases.
All studies were performed with written consent from patients
after full explanation of cost and benefit of the study. All tumors
were pathologically proven by craniotomy or stereotactic biopsy
except recurrent tumor. Hot area on FDG-PET/Met-PET or
enhancing area on MR images was chosen as a target of stere-
otactic biopsy. For suspicious glioma, tumor recurrence was
radiologically defined as steady growth of enhancing portion
and increasement of mass effect despite steroid therapy if pat-
hologically not proven®.

Synthesis of F-18 FDG and C-11 Met

F-18 FDG was synthesized by the fluorination of 1,3,4,6-
tetra-O-acetyl-2-trifluoromethanesulfonyl-mannose, with the
produced F-18 in the presence of phase-transfer catalyst, and
subsequent hydrolyzed with 1 N HCL The synthesized F-18
FDG was neutralized with 1 N NaOH and filtered through
0.22um filters.

C-11 Met was synthesized by using a minor modification of
a reported method”. C-11 COx was produced by irradiating N
gas with 13 MeV protons accelerated in a cyclotron (Ebco Tec-
hnologies, Canada). C-11 CO: was reduced to C-11 methanol
using lithium aluminum hydride and subsequently converted
to C-11 methyl iodide by adding of hydrogen iodide. C-11
methyl iodide was distilled into a vial containing L-homocy-
steine thiolactone solution in water/acetone. C-11 Met was
synthesized by the S-methylation of L-homocysteine in the
presence of potassium hydroxide as a base. After neutralizing
with 1 N HCI, C-11 Met was filtered through 0.22;m filters.
Radiochemical purity of the prepared C-11 Met was confirmed
to be higher then 95% by TLC/80% acetonitrile (Rf=0.2)

Positron Emission Tomography(PET) method

PET scanning was performed using and ECAT EXACT 47
scanner (Siemens-CT1, Knoxville, TN, USA). After fasting
for at least 6 hours, PET images were acquired in the resting
supine position, with eyes closed. For attenuation correction,
transmission scanning with triple germanium-68 ring sources
was performed for 7 min. A dose of 370-555 MBq of F-18
FDG, or 555-740 MBq of C-11 Met was injected intraven-
ously. Regional emission images of the brain were obtained for
20 minutes, beginning 40 minutes after the F-18 FDG injection,
and 10 minutes after the C-11 Met injection.

Image analysis
PET images were visually interpreted by two experienced nu-
clear physicians. Visual scale was classified as : -1 as low, 0 as iso,
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1 as moderately high and 2 as intensely high. On PET images, a
Region Of Interest(ROI) was drawn manually around the hy-
permetabolic area or corresponding lesion detected on MR
images, if there was no visual lesion. A ROI was also defined in
the contralateral hemisphere to obtain tumor to normal brain
uptake ratios (T/N ratio). Maximal Standard Uptake Value
(SUV) of ROI and SUV ratio of ROI/normal contralateral
tissue (T/N ratio) was used for quantification of Met-PET.

Statistical analysis

Kruskal-Wiallis test was used for comparison of multiple groups
and Mann-Whitney test and student’s t-test was used for com-
parison of two groups. All the statistical analyses were perfor-
med with commercially available software (SPSS®, version 10.0,
SPSS Inc., Chicago, IL).

Results

Astrocytoma

Mean maximum SUVs of ROI were 1.73 for WHO grade 11
astrocytoma, 3.47 for grade III astrocytoma and 3.68 for grade
IV astrocytoma (Table 1). This figure was not different between
groups {p=0.108, Kruskal-Wallis test). T/N ratios were 1.12 for
WHO grade II astrocytoma, 1.83 for WHO grade 11T astrocy-
toma and 2.73 for WHO grade IV astrocytoma (Table 1). There
was statistically significant difference between groups (p=0.002,
Kruskal-Wiallis test). There was a significant difference between
WHO grade Il and IV tumor (p=0.012, Mann-Whitney’s U t-
test). However, there was no significant difference in T/N ratio
between WHO grade IT and III tumor (p=0.13, Mann-Whitney’s
U t-test). T/N ratio was more closely related to visual scale than
maximum SUV of ROI (p<<0.001 and p=0.107 respectively,
Kruskal-Wiallis test). There was statistically significant difference
in T/N ratio between visual scale 0 versus 1 and 1 versus 2 (p=
0.028 and p<<0.001 respectively, Mann-Whitney’s U test).
Thus, T/N ratio rather than SUV of ROI was more correlated
with visual grade (Fig. 1).

Table 1. Summary of result

Diagnosis Noofcase Meanage MeanSUV  Mean TN ratio
Astrocytoma

WHO Grade |l 3 27 1731019 1.12%+0.18

WHO Grade lli 8 46 3471249  1.83%064

WHO Grade IV 26 51 3681208 2.73%0.89
Oligodendroglioma

WHO Grade Il 16 36 3.00£2.40 1.79%081

WHO Grade il 11 39 307134 1.77£1.04
Meningioma

WHO Grade | 3 51 9.05 3.07

WHO Grade |l 1 67 494 3.84
Lymphoma 7 51 3.8 2.02
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Fig. 1. ""C—methyl—-L—and D—methionine(Met)—positron emission tomography(PET) and fluorine—18, 2—
fluoro—deoxygiucose(FDG)—PE findings according 1o grade of astrocytoma in the aspect of fumor to
nomal brain uptake ratio (TN ratio), visual Met—PET and FDG—PET grade. A : Grade |l astrocytoma. B : Grade

Il astrocytoma. C : Grade V astrocytoma.

Oligodendroglioma

Mean maximum SUVs of ROI were 3.00 for WHO grade II
oligodendroglioma and 3.07 for WHO grade III oligodendro-
glioma. Mean T/N ratios were 1.79 for WHO grade II oligod-
endroglioma and 1.77 for WHO grade III oligodendroglioma.
With Mann-Whitney test, there was no significant difference in
mean maximum SUV and T/N ratio between WHO grade 11
and III oligodendroglioma.

Astrocytoma versus oligodendroglioma

Mean maximum SUV of ROI in oligodendroglioma was similar
with that of WHO grade I1I and IV glioma (Table 1). However,
there were no statistical significant differences between astrocy-
toma and oligodendroglioma in maximum SUV of ROI and
T/N ratio, when comparing in same WHO grade (Mann-Whi-
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in oligodendroglioma than astrocy-
toma in WHO grade II, probably
due to small number.

Recurrent glioma

There were twelve cases of suspi-
cious recurrent gliomas. FDG-PET
was recommended first except two
and Metv-PET was done for all these
twelve cases. As mentioned in the ma-
terial and method, growing of enh-

Met-PET
TIN:2.2 visual Gr1

ancing portion on follow-up image
was considered recurrence and stati-
onary or regressing enhancing lesion
was considered as radiation necrosis.
Visual grade of Met-PET was low in
two cases, moderately high in 4 cases
and intensely high in 6 cases (Table 2).
Metabolic defect lesion on FDG-
PET was 8 cases and the result of
Met-PET for these eight cases was
like this : recurrent glioma was 8 cases
and radiation necrosis was 4 cases.
Rationale for diagnosis was as follows :
growth of lesion was showed in 8
cases. Three cases also showed seed-
ing and one case was pathologically
proven. Two lesions showed statio-
nary enhancement for 4 years follow-
up and one cases showed regression
of enhancing lesion. Study of Met-
PET and FDG-PET were performed
for one patient due to new appearing lesion without enhancem-
ent of previous site of glioma operation (Table 2).

Sensitivity of Met-PET was 100% (8/8) and specificity was
80% (8/10). Sensitivity of FDG-PET was 25% (2/8) and
specificity was 25% (2/8).

Case illustration
Case 1

A 60-year old man was transferred to emergency room compla-
ining of altered mentality. On brain computed tomography(CT),
intracranial hemorrhage at right parietal lobe was identified. He-
morrhage was mixed with contrast-enhancing solid portion, whi-
ch was suspicious of bleeding from brain tumor. Emergent cran-
iotomy and hematoma evacuation was done. Brain was very ede-
matous and solid abnormal lesion was indistinguishable because
hematoma was mixed with swollen brain parenchyme. Pathologic



report was glioblastoma. His mentality was normally recovered
after operation. He was transferred and received chemotherapy
with ACNU (nimustine) and CDDP (cisplatin), followed by
radiation therapy with 5940Gy for partial brain. On 1-year

Table 2. Summary of suspicious recurrent gliomas

No. Visual- FDG”  Visual- Met® Diagnosis Rafionale”
1 low Intensely high  Recurrence Growth and seeding
2 low Intensely high  Recurrence Growth
3 low Moderately high  Recurrence Growth and seeding
4 low Moderately high  Recurrence Growth
5 Low Moderately high  Recurrence Growth and seeding
6 Intense  Intensely high  Recurrence  Growih {pathologically proven)
7 Moderate Moderately high  Recurrence Growth
8§ NAY infensely high ~ Recurrence Growth
9 low Moderately high  Radiation necrosis Regression
(pathologically proven)
10 Llow Low Radiation necrosis  Non-enhancing new lesion
11 Llow Low Radiation necrosis Stationary
12 NA Infensely high  Radiation necrosis Regression

Abbreviations, 1} Visual FDG—PET grade, 2) Visual Met—PET grade, 3) Rationale for
diagnosis, 4) Not available

F
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Fig. 2. Case 1. A Infracerebral hemorhage and solid porfion at
right occipital lobe on precperative computed tomography. B :
Evacuated hemonhage and solfid portion on immediate postop—
jg. erafive magnetic resonance(MR) T2— and gadolinium enhanced
Tl —weighted (T2W, GE-T1W) magnetfic resonance images. C : In—
creased size of enhancing portion on 14—month follow-up GE—
TIW MR image, hypermetabolic lesion on Met—PET, and hypom-—
etabolic lesion on FDG—PET. D : More increased size of enhancing
LR portion on 16—month follow—up GE-TTW MR image.
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follow-up MR images, abnormally enhancing lesion adjacent to
previous operated lesion was identified. As radiation necrosis
and tumor recurrence was not definite, MR images, and Met-
PET were examined, 2 months later. Size of enhancing portion
on MR images increased, and hyper-metabolism at the same
area on Met-PET was confirmed. On 4-month follow-up MR
images, enhancing portion more increased (Fig. 2). Although
biopsy was not performed due to neurological deterioration and
decrease in general condition, continuous increase in size preferred
recurrence to radiation necrosis. He was eventually expired due
to progession of brain Jesion.

Case 2

A 46 years old woman complained of progressive headache.
On MR images, 6 X 4.5cm sized cystic and solid mass at left
frontal lobe was identified. On FDG-PET, metabolism increased
just along capsule. Craniotomy and subtotal resection of mass
was performed. On biopsy, anaplastic oligodendroglioma was
reported. Radiation therapy (partial brain, 6120Gy) was preceded
by chemotherapy (procarbazine and vincristine). On 3-month
and 10- month follow-up MR ima-
ges, there was no evidence of discase.
Nodular enhancement at left frontal
lobe was identified on 15-month
MR images. On Met-PET, metab-
olism at that site increased, too. 24-
month follow-up MR images show-
ed increased size of enhancing lesion
although FDG-PET did not demon-
strate metabolism change. Re-opera-
tion was done, but biopsy result was
‘radiation necrosis only” On 36-mo-
nth follow-up MR images, size of
enhancing lesion at left frontal lobe
decreased and so did surrounding
edema markedly (Fig. 3). Her Kar-
nofsky performance status was 90.

Discussion
14 Mo FDGPET
FD -PET can detect hyperme-
tabolic lesion and the flu-
orine-18 2-fluoro-deoxyglucose po-
sitron emission tomography (*F-
FDG-PET) has been the standard
tracer for tumor detection, staging,
and discrimination between radiat-
ion necrosis and tumor recurrence”.

However, this tracer is sometimes

not a good one, because of high phy-
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and to differentiate benign from ma-
lignant lesions with high sensitivity
and specificity'”. Great advantage of
Met over PET is its potential for the
imaging of low grade glioma”.
Met uptake is increased in high-
grade glioma and known to be able
to differentiate histologic grade of
tumor?422)_ In the authors cases,
Met-PET could differentiate astro-
cytoma according to histologic gra-
de between WHO grade III versus
IV and this was statistically signifi-
cant. Thus, Met-PET is potentially
useful method to discriminate the
histologic grade of gliomas®'****".
However, this had been only appl-
icable to astrocytoma and not app-
licable to oligodendroglioma in our

Mo FDG-PET

Fig. 3. Case 2. A Cystic and focal
enhancing lesion at left frontal lobe
on T2W and gadolinium enhanced
(GE)-TTW magnetic resonance
(MR) images, preoperatively. B : No
evidence of lesion on 10—month
follow—up GE-TIW MR image. C :
Focal enhancing lesion on 15—
month follow—up gadolinium en—
hanced(GE)-TTW magnetic re—
sonance{MR) image, hyperme—
tabolic lesion on 11C—methyi—L—
and D—methionine(Met)—positron

; emission tomography(PET), and
hypometabolic lesion on fluorine—18, 2—fluoro—deoxyglucose(FDG)~PET. D : Increased size of enhan—
cing lesion on 24—month follow—up GE-TTW MR image. E : Decreased size of enhancing lesion on 36—

24 Mo

series. Histological discrimination
is not usually possible with FDG-
PET™,

Luts et al. showed higher uptake
in oligodendroglioma than same
grade astrocytoma®””. Uptake of
methionine in low-grade oligoden-
droglioma was comparable to that
of grade III or IV astrocytoma™'*.
In our cases, although statistical
significance was not obtained due
to small number of cases, the result

also showed similar result as showed

month follow—up GE-TTW MR image.

siological uptake in normal brain parenchyma. This character
compromises recognition of the growth of slowly growing tu-
mors, as is often the case with low-grade tumor. But, Amino acid
as a marker for viable brain tumor tissue is more sensitive and
specific than FDG, in PET as well as in single-photon emission
tomography™'?. They are known to be superior in detecting brain
tumor recutrence. At present, methionine is most popular amino
acid”. Methionine is essential natural amino acid and enters
tumor cell via the L-amino acid transporter, to meet the demands
of accelerated protein and RNA synthesis in tumors™. Methionine
uptake is mainly dependent on a specific cartier mechanism
rather than on passive diffusion in areas with a disturbed blood-
brain barrier and increased amino acid uptake is not a direct mea-
sure of protein synthesis but rather seems to be due to increased
transport medicated by type L amino acid carriers”>'**”. Owing
to its Jow uptake in normal brain, Met-PET has been shown to
be a sensitive tracer in tumor detection and tumor delineation
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in Table 1. Although accurate mec-
hanism of this phenomenon had not been explained, vascu-

814 Increased neovascularizaton in

larity suggested as a cause
oligodendroglioma is comparable to glioblastoma even in low-
grade oligodendroglioma and they founded positive correlation
between microvessel count and methionine uptake. So, met-
hionine could suggest microvessel count and this could be app-
lied anti-angiogenesis therapy'”. Methionine uptake was very
increased in meningioma and this might be also explained by
vascularity.

Early detection of recurrent glioma is difficult with images,
especially in irradiated patients. MR image and computed to-
mography cannot easily differentiate between radiation necrosis
and tumor recurrence'?. In this circumstance, FDG-PET is
usually recommended®. However, there might be false positive
or negative as showed in our cases. There are many reports that
suggest the superior role of Met-PET for detection of recurrent
tumor and discrimination of radiation necrosis and tumor rec-



urrence*>?

). As showed in the authors’ cases, low uptake lesion
on FDG-PET was not always able to differentiate tumor recu-
rrences and these low metabolic lesions on FDG-PET were mo-
stly true recurrences. On the contrary, Met-PET showed 100%
sensitivity and 80% specificity. With this data, the authors sugg-
est Met-PET might be more appropriate method for different-
iating between radiation necrosis and tumor recurrence.

However, the major drawback of ""C-Met s its short half time
(20 min), so this tracer is unavailable without cyclotron. Thus,
Met-PET imaging remote from a cyclotron is impossible”.

Interpreting Met-PET result needs caution. Although, Met
uptake is mainly dependent on a specific transport mechanism,
passive diffusion might play some role”. There can be uptake
such as in brain abscess, cerebral infarction, hemorrhage or de-
myelinating disease due to disrupted blood-brain barrier'*?,
Although, Met-PET can differentiate radiation necrosis and
tumor recurtence, there are reports showing uptake in radiation
necrosis as showed in our case*'*'”. Moreover, negative meth-
ionine uptake not always excluded a tumor™'*'?. Negative Met
uptake is also observed in 4~13% of low-grade gliomas>'?. Alt-
hough high accumulation of methionine in brain gliomas is us-
ually associated with malignancy grade, this is applicable only
when analyzed in single tumor histology™. Moreover, Met-PET
only shows increased transport mechanism and cannot show
protein synthesis and increased metabolism that can be showed
with FDG-PET. So, combination use of Met-PET and FDG-
PET might be helpful for evaluation of brain tumors.

Analyzing of Met-PET needs quantification and T/N ratio
rather than mean Maximum SUV was more correlated with
visual grade, in the authors’ scudy. Many data should be collect-
ed to show the cut off value of T/N ratio.

Bug, there is problem in our study. The recurrence is mostly
clinical diagnosis rather than histological diagnosis. So study
with exact histological diagnosis for other clinically diagnosed
recurrent tumor or radiation necrosis may be needed. However,
doctor cannot get all histological diagnosis for discrimination
between radiation necrosis and tumor recurrence. Thus, clinical
diagnosis may be the only method, and supporting study that
shows more than anatomical features is necessary. In this respect,
Met-PET might be more appropriate study than FDG-PET,
as showed in the author’s study.

Conclusion

iscrimination between radiation necrosis and tumor rec-
urrence is usually difficult without histological diagnosis.
Although FDG-PET is frequently used for discrimination, ne-
gative FDG-PET not always excluded recurrence. Met-PET
showed increased uptake even in false negative FDG-PET res-
ults in true recurrence. Thus, Met-PET might be as good tool
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for tumor grading as FDG-PET and more appropriate tool for
discrimination between radiation necrosis and tumor recurr-
ence. And combination use of Met-PET and FDG-PET may
be more helpful for evaluation of brain tumors.
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Commentary

1 this clinical study, the authors evaluate the value of Met-

PET("'C-methyl-L and D-methionine) for the grading of
glioma and differentiation of tumor recurrences from necrosis,
compared with that of FDG-PET. PET imaging is used to
assess the rates of biologic processes, in vivo, throughout the
brain and body by using nonomolar concentrations of radio-
acitvely labeled biologic probes. Applications of PET studies
of brain tumors range from diagnosis and grading of gliomas
to postsurgical assessment of gliomas and metastatic tumors.
Several radiolabelled compounds are used in PET studies for
protein synthesis such as [''C-mehtyl]-L-methionine, L-1-["'C]
leucine, L-1-["'C] valine,and L-1-["'C] tyrosine. The main
mechanism of[""CIMET uptake is probably increased transport
via the L-transporter system located in the endothelial cell
membrane. ["CIMET-PET offers a direct measure of amino
acid transport and an indirect measure of microvessel density”.
Owing to its low uptake in normal brain,["C]MET has been
shown to be a sensitive tracer in tumor detection and tumor
delineation, and to differentiate benign from malignant lesions
with high sensitivity and specificity. Autoradiographic findings
demonstrated that the level of increased ["C]MET uptake
correlates with the number of tumor cells, whereas no signifi-
cant[""C]MET uptake occurs in chronic inflammatory or rad-
iogenic lesions. However, ["CIMET uptake may be increased
in acute inflammatory lesions and acute ischemic stroke with
reperfusion”. ‘To date, MET PET has been shown to be useful
in various clinical situations : in guiding stereotactic biopsies, in
differentiating between low-grade tumors and non-tumor
lesions and as a prognostic marker.

Even though the patient sample in this study is small, we need
more clarification on the following somewhat interesting results.
First, the authors demonstrated that T/N ratio was significantly
different between WHO III and IV but not between WHO I

and III. The uptake of carbon-11 methionine measured by PET
has been correlated with the proliferative activity of gliomas in
vivo and in vitro and has shown prognostic value in low-grade
gliomas”.

Why the MET-uptake was not different between low and
high grade astrocytomas? Second, even though the author noted
that there were no significant differences between astrocytoma
and oligodendroglioma in maximum SUV of ROI and T/N ratio,
Chan et al. found the contradictory results that highest micro-
vessel counts in grade I1I oligodendrogliomas, these even higher
than the counts in grade IV glioblastomas. The fact that WHO
grade II oligodendrogliomas demonstrate high microvessel counts
and high["'CIMET uptake comparable to malignant astr-
ocytomas”. Oligodendrogliomas have a significantly higher
uptake of "'C-methionine tracer than do lower grade astrocy-
tomas, and that observation may be related to cell density and
turnover in each of these tumors.

The authors also described that value of MET-PET in differ-
entiating tumor recurrence from radiation necrosis. compared
with that of FDG-PET. But only two out of 12 patients were
confirmed pathologically. We must take into consideration that
large numbers of recurrent tumors contained not only tumors
but also radiation necrosis portions after adjuvant therapy using
various types of radiation therapy and chemotherapy. There
will be many areas for the dinical application of MET-PET.
In the future, we have to clarify not only whether the uptake
of MET may be a marker of the radiosensitivity of low-grade
gliomas but also to apply MET-PET to select potential respon-
ders to anti-angjogenetic therapy:. .

We understand that the information from this study might
contribute the value of MET-PET not only for the grading of
gliomas but also for the differentiation radiation necrosis from
tumor recurrences.

Yong Gu Chung, M.D., Ph.D.

Department of Neurosurgery, Korea University
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