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M alignant neoplasms of the nervous system arise
with an incidence of 5 to 6 new cases per

100 000 persons per year (e1). Beside meningioma,
glioma is the most common type of primary brain tumor.
The conventional treatment of cerebral glioma consists
of surgical resection, radiotherapy, and chemotherapy.
The results of treatment, measured in terms of survival
time and quality of life, remain unsatisfactory to this day.

Magnetic resonance imaging (MRI) is currently the
method of first choice for the diagnosis and differential
diagnosis of primary brain tumors. With MRI, the tu-
mor can be reliably localized and, usually, well charac-
terized in terms of its internal structure and the extent
to which it disrupts the blood-brain barrier. Imaging
with standard T1-weighted sequences serves to dem-
onstrate the anatomical relationship of the tumor to the
adjacent normal structures; when contrast medium is
given, the tumor per se can be better delineated from
the accompanying reaction in the surrounding brain
tissue (edema) (e2). The differentiation of glioma tis-
sue from surrounding edema is unreliable, however,
particularly when the tumor is not sharply demarcated
from normal brain tissue, and when the blood-brain
barrier remains intact (e3).

Radiogenic changes in peritumoral brain tissue af-
ter treatment may result in pathological uptake of con-
trast medium that cannot be reliably distinguished
from recurrent glioma (e4, e5, e6). T2-weighted se-
quences, supplemented with a proton-density or
FLAIR (fluid-attenuated inversion recovery) sequence,
can reveal the maximal extent of structural changes,
but, like T1-weighted images, they do not permit 
reliable differentiation of tumor tissue from the sur-
rounding edema (e2).

Metabolic studies, such as the measurement of glu-
cose metabolism with 18F-fluorodeoxyglucose (FDG)
and positron emission tomography (PET), have been
used for many years as supplementary methods
beyond morphological imaging. In cerebral gliomas,
FDG uptake is correlated with the degree of malignan-
cy of the tumor and with the patient's outcome (e7, e8,
e9, e56). Because of the high rate of glucose metabo-
lism in normal brain tissue, however, it is often diffi-
cult to distinguish tumor tissue from normal brain tis-
sue by FDG-PET (figure 1). 

Aside from FDG, radiolabeled amino acids have 
also been used successfully for many years in positron
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emission tomography to measure tumor metabolism
(e10). Because the uptake of amino acids by normal
brain tissue is relatively low, cerebral gliomas can be
distinguished from the surrounding normal tissue with
high contrast.

Most PET studies of cerebral gliomas are performed
with the amino acid  11C-methyl -L-methionine (MET)
(e11), although the short half-life of 11C (20 minutes)
limits the use of this technique to the few centers that
are equipped with a cyclotron. 

As an alternative to MET-PET, single photon emis-
sion computed tomography (SPECT) can be performed
with the amino acid  123I iodo-alpha-methyl tyrosine
(IMT); this method has been validated in many publi-
cations (e11, e12, e13, e14), but its poorer spatial reso-
lution in comparison to PET is a disadvantage. A major
advance in recent years has been the development of
the 18F-labeled amino acid O-(2-18F-fluoroethyl)-L-
tyrosine (FET), which, like FDG, can be transported
from a cyclotron to multiple external PET centers. This
enables a wider application of amino acid PET in clini-
cal diagnosis (1, 2, e15). Unfortunately, these amino
acids are not yet approved for use as pharmaceuticals.
They can therefore be used only in a few centers and in
experimental settings.

The purposes of this article are to provide an over-
view of the current state of development of amino acid
diagnosis for cerebral glioma and to inform general
practitioners as well as neurologists, neurosurgeons,
radiologists, and radiation therapists about this diag-
nostic option. This review is based both on the authors'
own research findings and on a selective review of the
literature.

The general properties of 
radiolabeled amino acids 
The increased uptake of MET, IMT, and FET by cere-
bral glioma tissue is due almost entirely to increased
transport via specific amino acid transporters (e16,

e17, e18, e19). Comparative studies of these three sub-
stances have shown that all of them are taken up to
roughly the same extent by cerebral glioma tissue (3,
e20, 4, e19), so that the clinical experience gained with
all three of them can be considered together. Which-
ever of these tracers is used, the radiation exposure to
the patient remains within the same order of magnitude
as that of conventional radiological studies (e21, e22).
No side effects have been reported to date with the use
of these tracers after several thousand studies have
been performed worldwide. The duration of testing
with any of these tracers is about 30 to 45 minutes. The
cost of FET-PET is comparable to that of FDG-PET,
i.e., about 1000 euros, including the cost of the tracer
(this is the simple reimbursement in the German pay-
ment scheme for medical services, "GOÄ"). IMT-
SPECT is not much cheaper, because of the relatively
high cost of the iodine isotope, while MET-PET is sub-
stantially more expensive. The costs of these studies
are partly reimbursable by private health insurance
carriers, but the statutory health insurance carriers in
Germany pay for ambulatory PET studies only in ex-
ceptional cases.   

Showing the extent of tumor with amino
acids for biopsy and treatment planning  
An important aspect of the diagnostic assessment of
cerebral glioma is the measurement of the extent of the
tumor and the detection of the areas within the tumor in
which the rate of cellular proliferation is highest. Rep-
resentative tissue samples are vitally important for his-
tological tumor diagnosis, prognostication, and treat-
ment planning. The ability of MRI to show the most
rapidly proliferating portions of inhomogeneous tu-
mors is, unfortunately, limited, particularly when the
tumor does not take up contrast medium (gadolinium).
Multiple studies in which the radiological findings
were compared with the histological findings in tissue
obtained by biopsy or open surgery have provided

Figure 1: Anaplastic glioma, WHO grade III: this extensive tumor is seen in the T2-weighted MR image (left) as a diffusely mottled, multifocal hyperintensity, and in the
contrast-enhanced T1-weighted image (second from left) as a hypointensity with a small area of ring enhancement in the deep white matter of the right hemisphere.
FDG-PET (second from right) shows reduced glucose uptake in the tumor, while FET-PET (right) shows increased FET uptake in the area of solid tumor, with a maximum
lateral to the area of ring enhancement seen in the MRI. FET, O-(2-18F-fluoroethyl)-L-tyrosine; PET, positron emission tomography, FDG, 18F-fluorodeoxyglucose.
(Institute for Neurosciences and Biophysics, Jülich Research Center; Clinic of Neurosurgery, University of Düsseldorf).
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clear evidence that MET-PET detects rapidly prolifer-
ating glioma tissue more reliably than either CT or
MRI (5, 6, e23, e24, e25, e26). MET-PET can also be
used to detect the regions with the most pronounced
anaplastic changes inside a heterogeneous glioma
(e27, e28). In a study involving 31 patients, tumor tis-
sue was found in 94% of biopsies taken at sites where
FET-PET had pointed to probable tumor tissue, but
only in 53% of the suspicious areas identified by MRI.
These figures impressively document the decidedly
better diagnostic reliability of neuroimaging with
radiolabeled amino acids (7) (figure 2). 

No biopsy-controlled studies are available for IMT-
SPECT. Nonetheless, the fact that, in comparative stud-
ies, IMT has been found to reveal tumor tissue in an
identical manner to MET and FET implies that it is just
as useful as MET and FET for revealing the extent of
glioma tissue (3, 4, e20, e19, e29) (figure 3). 

Amino acid imaging thus optimizes the targeting
biopsies and helps prevent the problem of non-diagnostic
biopsies from non-specifically altered tissue. Amino
acid imaging can, therefore, be expected to improve pa-
tient care, particularly in cases of glioma without any
disruption of the blood-brain barrier (i.e. without con-
trast enhancement on MRI), and when the tumor lies ad-
jacent to eloquent structures. FDG-PET is useful for
biopsy guidance only for high-grade gliomas (e27, e28).
Furthermore, amino acid imaging also improves the
planning of treatment for glioma, both resective surgery
and radiotherapy. A restriction of the target volume to
the actual tumor tissue can substantially lessen the ad-
verse effects of radiation therapy, while permitting treat-
ment of the tumor itself with a higher dose than other-
wise possible. Grosu et al. have reported that, in 29% of
cerebral gliomas, pathological amino acid uptake is
found outside the abnormal brain tissue revealed by
MRI (8) (figure 4), while 90% of the hyperdense areas
identified by T2-weighted MRI showed no pathological
amino acid uptake. The authors recommend integrating
amino acid imaging into CT- and MRI-based radio-
therapeutic planning, particularly when high-precision 

Figure 3: Glioma, WHO grade II: T2-weighted MRI (left), contrast-enhanced T1-weighted MRI (second from left), IMT-SPECT (second from right), and FET-PET (right).
The lesion appears homogenous in the MR images; IMT-SPECT and FET-PET reveal a circumscribed area of tracer uptake within it, corresponding to the portion of the
tumor with the highest proliferative activity. FET, O-(2-18F-fluoroethyl)-L-tyrosine; PET, positron emission tomography; IMT, [123I] iodo-alpha-methyl tyrosine; SPECT,
single photon emission computed tomography. (Institute for Neurosciences and Biophysics, Jülich Research Center; Clinic of Neurosurgery, University of Düsseldorf.)

Figure 2: Anaplastic astrocytoma, WHO grade III. MRI showed no 
enhancement with contrast medium, so that a differentiation of
tumor tissue from non-specific tissue changes was not possible.
PET shows a circumscribed area of FET uptake within an extensive
zone of MRI signal changes. a) FET-PET; b) MRI-FLAIR; c) T1-weighted
MR image after the injection of contrast medium; d) T1-weighted MR
image after biopsy, with a titanium marker at the biopsy site.
Histological study of the first tissue specimen (see arrows in a to d)
revealed peritumoral tissue with reactive gliosis (e). The second 
tissue specimen in the area of FET uptake was found to contain 
dense glioma tissue (f) corresponding to an anaplastic astrocytoma,
WHO grade III. FET, O-(2-18F-fluoroethyl)-L-tyrosine; PET, positron
emission tomography. From: Pauleit D, Floeth F, Hamacher K, et al.:
O-(2-[18F]fluoroethyl)-L-tyrosine PET combined with Magnetic 
Resonance Imaging improves the diagnostic assessment of cerebral
gliomas. Brain 2005; 128: 678-87 (7), with the kind permission of
Oxford University Press.
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radiotherapy is to be given or in the setting of dose-
escalation studies or for the re-irradiation of recurrent 
tumors. An initial trial of amino acid imaging for radio-
therapeutic planning in recurrent glioma has shown a 
significantly longer survival time than when the planning
is based on CT and MRI alone (median, 9 months versus 
5 months) (9). 

The differential diagnosis of intracranial
tumors of uncertain type 
Although the uptake of radioactive amino acids is con-
sidered relatively specific for neoplastic masses, the
possibility of non-specific enhancement must still be
borne in mind. There have been reports of perifocal
MET uptake around hematomas and areas of ischemia
(e30, e31, e32), as well as of rare cases of MET and
FET uptake in brain abscesses and foci of demyelination
(e33, e34). In IMT-SPECT, no significant increase of
IMT uptake has been found with non-neoplastic 
lesions; thus, these can easily be differentiated from
high-grade gliomas (10). The occasional uptake of
radiolabeled amino acids by non-neoplastic lesions 
reduces the specificity of this method to roughly 90%.

A recent study has shown the utility of combining
FET-PET with 1H-magnetic resonance spectroscopy
(1H-MRS) in the diagnostic evaluation of brain le-
sions. In a biopsy-controlled study of brain lesions of
unknown type, a tumor was found by biopsy in 97% of
cases where both FET-PET and MRS had indicated the
presence of a tumor (11). On the other hand, a tumor
was not found in any case in which both techniques
had yielded a negative finding. In this study, the sensi-
tivity and specificity of FET-PET alone for the differ-
entiation of tumors from non-neoplastic changes were
both 88%, while the sensitivity and specificity of 
1H-MRS were 100% and 81%, respectively. It follows

that, when a patient has a brain lesion of unknown 
type, the combination of amino acid imaging and 
1H-MRS can be used to detect or rule out a tumor with
a very high degree of diagnostic accuracy. If the findings
of both FET-PET and 1H-MRS are normal, it would
seem reasonable to dispense with a biopsy and follow
the lesion further with MRI at regular intervals.

Glioma grading and prognosis
While FDG-PET is an accurate predictor of the grading
and prognosis of cerebral gliomas (e7, e8, e9, e56), most
studies employing amino acid imaging have shown that
gliomas of different WHO grades overlap in their degree
of amino acid uptake, so that the tumor grade cannot be
reliably predicted with this technique (12, e26, e35, e36,
e37). More recently, differences in the time course of
FET uptake depending on tumor grade have been found
(13, 14); this may enable a better differentiation of low-
from high-grade gliomas.

The prognostic significance of the findings of amino
acid imaging is currently debated. While some studies 
seem to show that the intensity of amino acid uptake is
correlated with prognosis (37), a study with IMT-SPECT
revealed no correlation either with the degree of malig-
nancy of the tumor or with the patient's survival time
(e38).

Amino acid imaging does, however, play an impor-
tant clinical role in prognostication for patients with
low-grade gliomas (about 15% of the total population
of glioma patients) (e1). Some of these patients will
enjoy a stable course with an excellent quality of life
for decades even without treatment, while others will
have rapid tumor progression. A small number of prog-
nostic factors have been identified, but the individual
course remains unpredictable, and the optimal treat-
ment strategy is controversial. A study with MET-PET

Figure 4: FET-PET (left) and MRI with a T1-weighted, contrast-enhanced image (center) and a T2-FLAIR image (right); axial sections;
glioblastoma, WHO grade IV, in the right occipital lobe. The computerized superimposition of the areas of elevated FET uptake (red border) onto
the T1-weighted, contrast-enhanced MR image (center) reveals that FET uptake is not correlated with MR contrast enhancement. The areas of
high FET uptake actually extend beyond the boundaries of the T2-FLAIR signal changes (right) and thus identify areas of tumor tissue that are
morphologically normal in the MRI. The area of central necrosis appears in FET-PET as a site without any tracer uptake.
FET, O-(2-18F-fluoroethyl)-L-tyrosine; PET, positron emission tomography. From: Langen KJ, Floeth F, Stoffels et al.: Verbesserte Diagnostik von
zerebralen Gliomen mit der FET-PET. Zeitschr Med Physik 2007, 17 (e57), with the kind permission of Elsevier GmbH, Munich.
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showed that these patients benefit from a surgical pro-
cedure only when increased amino acid uptake can be
demonstrated (15). FET-PET combined with MR mor-
phology has also been found to be a statistically signif-
icant prognostic predictor for patients with low-grade
gliomas (e50). Patients with grade II gliomas that are
well demarcated in the MRI and do not take up FET
have an excellent prognosis. Thus, combined assess-
ment with FET-PET and MRI can identify a subgroup
of patients who are best treated with observation alone.

The diagnostic assessment of recurrent tumors 
It is difficult to distinguish recurrent glioma from non-
specific post-therapeutic changes with conventional
MRI alone, because pathological enhancement with
contrast medium may reflect either new growth of tu-
mor or tissue necrosis after radio- or chemotherapy (e4,
e5, e6). The role of FDG-PET in such cases has been
called into question recently because of the frequency
of non-specific uptake (e51). Multiple studies have
shown, however, that MET-PET and IMT-SPECT are
highly sensitive and specific for the differentiation of
recurrent tumor from non-neoplastic changes (16, 17,
e39, e40, e41, e42, e43, e44). In a recent FET-PET
study involving 53 patients, a recurrent glioma was cor-
rectly recognized in 42 and correctly excluded in 11 pa-
tients (18) (figure 5). In another study directly compar-
ing FET-PET with MRI and involving 46 patients, the
sensitivity and specificity of FET-PET for the detection
of recurrent tumor were 100% and 93%, respectively,
compared with 93% and 50% for MRI (19).

Treatment monitoring 
Changes in apparent tumor size or contrast enhance-
ment that are seen in MRI and CT are taken as indicators
of the response to therapy. It would also be worthwhile

to measure metabolic changes within the tumor tissue
for this purpose, but the experience with amino acid
imaging for treatment monitoring has been limited to
date. The currently available data suggest that a reduc-
tion of amino acid uptake by a glioma is a sign of a 
positive response to treatment (e45, e46, e47, e48). 
Initial longitudinal studies employing FET-PET after
locoregional chemo- and radioimmunotherapy of glio-
mas have also shown a good correlation between FET
uptake and treatment response (20, e49). Further com-
parative studies of the course of disease after surgery,
radiation, and chemotherapy are needed, however,
with histological verification of the findings, before
any definite conclusions can be drawn about treatment-
induced changes in amino acid uptake.

Alternative metabolic imaging with MRI
1H-magnetic resonance spectroscopy (1H-MRS) has
been used for many years for the differential diagnosis
of cerebral lesions of unknown type. This method en-
ables the in vivo detection and quantification of met-
abolic products by measurement of shifts in the reso-
nance signals of protons depending on their chemical
environment. Living tumor tissue, for example, is
characterized by an increased content of the cell mem-
brane marker choline and a reduced content of the neu-
ron marker N-acetylaspartate. Like amino acid im-
aging, 1H-MRS yields metabolic information that is
markedly more specific than that obtainable by con-
ventional MRI for the differentiation of tumor tissue
from non-specific changes. It can be performed with
any MRI scanner in the same sitting as conventional
magnetic resonance imaging.

Unlike PET and SPECT, however, single-voxel
MRS can only be used to analyze individually selected
areas or partial areas in a single plane of section with

Figure 5: Status post surgery, radiotherapy, and radioimmunotherapy of an anaplastic astrocytoma. The follow-up MRI (left) revealed no
contrast enhancement and was judged to show no residual or recurrent tumor. FET-PET (right), however, shows focal tracer uptake in the
ventral wall of the resection cavity. Biopsy confirmed the presence of tumor tissue, WHO grade IV. FET, O-(2-18F-fluoroethyl)-L-tyrosine; 
PET, positron emission tomography. From reference (18): Pöpperl G, Gotz C, Rachinger W, Gildehaus FJ, Tonn JC, Tatsch K: Value of 
O-(2-[18F]fluoroethyl)-L-tyrosine PET for the diagnosis of recurrent glioma. Eur J Nucl Med Mol Imaging 2004; 31: 1464-70, with the kind
permission of Springer Verlag, Heidelberg.
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"chemical shift imaging." With a combination of mor-
phological imaging and spectroscopy, one can measure
the chemical shifts in a grid of multiple, small volumes
(voxels) that are chosen in a single plane of section
during an MRI study. The data obtained in this way can
be used to map the distribution of metabolites in the
brain. Very long measuring times are needed to obtain
data with an adequately high signal-to-noise ratio from
small volumes of tissue (< 1.5 mL). Furthermore, the
quality of the study can be impaired by susceptibility
artefacts. Magnetic susceptibility, i.e., the magnetizabil-
ity of a particular material by an externally applied
magnetic field, varies among materials. In the near fu-
ture, the use of 3 Tesla MRI scanners, parallel imaging,
and faster MR spectroscopy sequences will shorten
study times considerably. An initial comparative study
of 1H-MRS with a 3 Tesla scanner versus IMT-SPECT
has found the latter to be superior for the diagnosis of
recurrent gliomas (22). 

A biopsy-controlled study has shown that diffusion-
weighted MRI (dwMRI) is not a suitable method for
assessing the extent of cerebral gliomas (23). On the
other hand, perfusion-weighted magnetic resonance
imaging (pwMRI or PWI) yields information that is
correlated with the degree of malignancy of gliomas
and seems to be useful in biopsy planning. The poten-
tial of PWI as a means of assessing the extent of glio-
mas is currently still controversial (24, 25).

Perspectives for amino acid imaging
Diagnostic assessment in nuclear medicine by imaging
with radiolabeled amino acids permits a more specific

representation of the spatial extent of solid glioma
tissue than is otherwise possible (box). This is very ad-
vantageous for the planning of biopsies, resections,
and radiotherapy. Furthermore, recurrent tumors can
be differentiated from post-therapeutic changes with a
high degree of specificity, valuable prognostic infor-
mation can be obtained for low-grade gliomas, and the
treatment response can probably be judged early on in
the course of treatment. Only a small number of studies
of amino acid imaging for brain tumors in children 
have been performed to date, but here, too, the tech-
nique seems to be comparably useful (e52, e53, e54,
e55). The scientifically documented utility of amino
acid imaging of cerebral gliomas seems to justify its
use as a routine diagnostic technique for certain indi-
cations, but it remains to be proved that this will im-
prove the overall quality of care. The logistical prereq-
uisites for amino acid imaging have become markedly
less difficult to achieve in recent years with the intro-
duction of IMT-SPECT and FET-PET. The costs of
these diagnostic techniques would appear to be well
justified by their clinical utility, not least because their
timely application in a larger number of patients can be
expected to save the costs incurred today by the use of
other, less diagnostically reliable techniques. 
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