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A recent series of articles in this journal addressed the cur-
rent status of brain tumour imaging with PET and advanced
MRI methods [1-6]. They demonstrate that we now have
highly effective instruments to assess brain tumours in indi-
vidual patients with potential to improve treatment selection
and ultimately outcome. However, in clinical practice, stand-
ard CT or MRI methods are still the main tools to diagnose
tumours and to initiate treatment or further invasive diagno-
sis by biopsy. The current World Health Organisation brain
tumour classification criteria [7] consider specific molecu-
lar markers for diagnosis. Unfortunately, none of them are
currently accessible to imaging methods, but imaging tech-
niques are essential for the evaluation of response to therapy.
Advanced imaging techniques may overcome the limita-
tions of standard contrast-enhanced CT or MRI on issues
of pseudoresponse and pseudoprogression after therapy [8].
In particular, the amino acid tracers have been recognised
by the European Association for Neuro-Oncology and the
European Society for Medical Oncology as promising and
widely applicable tools [9, 10].

Amino acid transporters are expressed in brain tissue and
at the blood-brain barrier (BBB) to provide the essential
amino acids needed for protein synthesis and other metabolic
pathways. Their expression is increased in most tumours
probably in correspondence with their metabolic needs.
Although the initial studies were aiming explicitly at imag-
ing of protein synthesis, subsequent studies using amino acid
tracers not incorporated into proteins demonstrated that the
increased signal in brain tumours mainly reflects increased
amino acid transport [11]. Building on that legacy, supe-
rior signal to background and relatively low image noise
with 18F-fluoroethyltyrosine (FET) PET compared to MR
perfusion-weighted imaging is reported in a review by [2],
supporting the use of amino acid PET for tailoring resection,
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guiding biopsies, assessment of tumour recurrence and pro-
gression, and planning of radiation therapy [3].

Identification of tumour hypoxia is an important issue,
because it causes resistance to radiation effects. Most
frequently 18F-fluoromisonidazole is being used, while
18F-FAZA provides an attractive alternative [12]. Promising
results have been reported for detection of hypoxic tissue,
but it is not yet clear whether adjustment of radiotherapy
based on PET finding leads to better therapeutic outcomes
[3].

In addition to amino acids, a broad range of other radi-
opharmaceuticals is being used and explored [13]. In this
journal, the potential of choline, which can be labelled either
by 11C or 18F and is an essential constituent of cell mem-
branes, is being presented [6]. The concept of assessing
membrane turnover, which is increased in many tumours,
has some similarity with the concept of assessing protein
synthesis as a marker of cellular proliferation by amino acid
tracers. It is already clear for amino acids that transport, not
metabolism, is the critical issue that governs the image sig-
nal, and this also seems likely for the choline tracers.

Matching imaging and therapy targets is the goal of thera-
nostics, which is an increasingly hot topic in oncology [14].
However, transport and metabolic processes usually cannot
be used as direct therapeutic targets even when increased in
tumours, because they are also essential in most other cells,
and their global inhibition would cause severe side effects.
Whether theranostics based on biomolecules or nanopar-
ticles is a realistic goal in glioma is not yet clear, mainly
because of the BBB that causes exclusion or very slow trans-
fer rates for large molecules when intact, and non-specific
uptake when broken. Potential targets include tumour growth
factors that can possibly be imaged specifically, and recently,
the mitochondrial translocator protein TSPO has been identi-
fied as a tumour marker related to proliferation that could
also serve as a therapeutic target [1]. Also factors associ-
ated with angiogenesis are of direct interest for planning and
assessing antiangiogenic therapy [15].

Interpretation of PET scans of brain tumours is difficult
without reference to structural imaging methods. This is
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most obvious with FDG PET, where the contrast between
tumour and brain is poor on PET scans because of the high
and inhomogeneous uptake of FDG in brain. Thus, the
quality of radiopharmaceuticals is sometimes judged by
their tumour to background contrast, which clearly favours
radiopharmaceuticals that do not cross the intact BBB and,
therefore, have very little signal in normal brain. How-
ever, that concept is misleading, because very often radi-
opharmaceutical uptake in tumours then mainly reflects
BBB damage, not providing much additional information
beyond contrast-enhanced CT or MRI. In addition, such
radiopharmaceuticals usually fail to provide a reliable sig-
nal in low-grade gliomas which still may have an intact
blood-brain barrier, but may infiltrate intact brain and
already be transforming to a higher grade.

Up-to-date provision of brain tumour PET scanning
includes 3D coregistration with structural scans, usually
contrast-enhanced and ideally even multimodal MRI.
Thus, the location and extent of solid or contrast-enhanc-
ing tumour is determined by MR, and there is no need for a
strong tumour-to-background contrast on PET. PET scans
then can focus on molecular and metabolic characteristics
of tumours, their infiltration zone, and remote but func-
tionally important alterations in brain tissue, which is usu-
ally achieved most accurately with radiopharmaceuticals
that show reasonably high extraction and some uptake also
in normal brain tissue like FDG. While this can be done
by PET-MR coregistration of separately acquired scans
with standard software if scans were acquired with high
resolution in all directions, it has become more convenient
by hybrid PET/MR with simultaneous acquisition. Hybrid
PET/MR also allows joint analysis of low-resolution MR
signals, such as magnetic resonance spectroscopy [4].
However, there are also some technical challenges, espe-
cially with PET attenuation correction, and with integra-
tion into the standard clinical workflow that have not yet
been resolved completely [5].

There has been huge progress with molecular PET and
multimodal MR imaging methods, but many brain tumour
PET papers published so far fail to compare imaging results
with other molecular markers such as MGMT, IDH1, and
EGFR mutations and 1p/19q co-deletion [16], which are
regarded as standard tools and may actually provide similar,
complementary, or possibly even conflicting diagnostic and
prognostic information [17]. Thus, future imaging studies
need to compare results with these markers for the classifi-
cation and management of brain tumours. We still will need
further studies focussing on new imaging methods and radi-
opharmaceuticals with higher specificity, while also existing
radiopharmaceuticals and multimodal imaging techniques
should increasingly be applied in clinical trials and large
prospective cohort studies to firmly establish their value as
diagnostic, prognostic, and outcome markers.
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