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On the smooth service road of the UK oncology highway,
the PET/computed tomography (PET/CT) motor hit a
bumpy patch during the coronavirus disease (COVID-
19) pandemic. Apart from service volumes being down-
sized with the lockdowns and coming back to the new
normal as lockdowns are eased, the community also
experienced radiotracer supply issues. The commercial
manufacturers suffered collateral damage with dwindling
numbers and were forced to rationalize and streamline
the production line to comply with the change in work
practice, protect staff and maintain fiscal stability. This
has led to some tracers being shelved. The Fluorine-18
("®F)-based amino acid PET tracers are one such
casualty. Before the COVID-19 pandemic, the produc-
tion of 'F-choline, 18F-ﬂuoroethyltyrosine (FE'T) and
F_fluorothymidine (FLT) was suffering. The arrival of
the COVID-19 pandemic put a final nail in the coffin,
and commercial manufacturers cut production of rarely
used tracers which are now limited to academic cyclo-
tron centres who may or may not produce that radiophar-
maceutical or a similar tracer. In urology, the absence of
"F_choline has led to the fortunate use of prostate-spe-
cific membrane antigen (PSMA) as a replacement;
however, in neuro-oncology, there are few alternatives,
currently, 18F-ﬂuorophf:nylalaninf: (FDOPA) being the
most common. The scope of this editorial is to try and
understand the main factors responsible for the underuse
of this modality and discuss some mitigation factors.

First of all, one can argue that the availability of these
tracers is linked to demand, which is ultimately related
to the outcome and prognosis of the disease. The fact
remains that the prognosis of gliomas, particularly high-
grade gliomas, is poor [1], and if there are no effective
treatment options, then the need for higher diagnostic
accuracy is of less significance. Second, when it comes
to baseline assessment, the issue of logistics is apparent
as these patients often present with acute symptoms and
require urgent management which leaves little room for
arrangement of a PE'T scan while MRI is much quicker
and easier to obtain. The use of C-methyl methionine (MET)
PE'T; in particular, requires an onsite cyclotron due to the
short half-life of the radio-isotope Carbon 11 (*'C) which
is only 20 mins. Third, there is no reimbursement availa-
ble under the NHS tariff system for the use of ""F-DOPA
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PE'T. This is further complicated by the fact that these
patients will often require more than one PET scan,
increasing cost and time. Additionally, highly specialized
PE'T tracers might be affected in the case of a no-deal
BREXIT. Generally speaking, this should not be an issue
as most PE'T tracers are produced by cyclotrons through-
out the UK or by long-lived generators (https://www.rcr.
ac.uk/sites/default/files/no_deal_brexit_planning_guid-
ance_for_nuclear_medicine_teams_march_2019.pdf).
Finally, there are still no clear guidelines for patient
selection neither reproducible methods of analysis and
most of the published literature rely on offline or in house
developed software which are difficult to reproduce on a
large scale across several institutions.

Although the usage of PE'T imaging is currently low,
there has been a growing interest in its use for the man-
agement of brain tumours. Compared to MR, PET imag-
ing offers the advantage of imaging specific metabolic
pathways which can improve the sensitivity and speci-
ficity for detecting gliomas [2]. The growing interest of
using PE'T imaging is evident by the recently published
joint guidelines by the European Association of Nuclear
Medicine (EANM), the Society of Nuclear Medicine and
Molecular Imaging (SNMMI), the European Association
of Neuro-Oncology (EANO) and the Response assess-
ment in neuro-oncology (RANO) working group for the
use of PET imaging in the management of gliomas [3].
The currently available radiotracers for imaging gliomas
in clinical practice include tracers that utilize the sys-
tem-L, amino acid transporters, and they include MET,
FET and FDOPA in addition to "*F-Fluorodeoxyglucose
(FDG) which reflects glucose metabolism. Despite the
rapid progress of PE'T in neuro-oncology imaging dur-
ing the last decade, MRI remains the standard imag-
ing modality of choice. MRI relies heavily on contrast
enhancement for the evaluation of brain tumours [4];
however, relying solely on contrast enhancement is unre-
liable as the blood-brain barrier (BBB) can be affected by
multiple factors including surgery, radiation, steroids and
antiangiogenic therapies resulting in reduced specificity
[5-7]. PET imaging can be used at the time of primary
diagnosis (e.g., differentiation of high-grade from low-
grade glioma or non-neoplastic causes), for therapy mon-
itoring, and to assess for disease recurrence [8]. The high
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physiological background activity limits the use of FDG
in neuro-oncology imaging, and as such, its use is lim-
ited to specific indications such as the differentiation of
tumour recurrence from radiation necrosis or the manage-
ment of central nervous system lymphoma [9-11]. Amino
acid PE'T has been shown to be superior to MRI in many
clinical applications [8]. For example, at baseline assess-
ment, MET and FET PET demonstrated higher diag-
nostic accuracy than MRI in the differentiation of gliomas
from non-neoplastic causes. Furthermore, FET PET,
in particular with dynamic acquisition, showed higher
diagnostic accuracy in grading gliomas and in detecting
anaplastic foci. Moreover, FE'T, MET and FDOPA PE'T
consistently showed higher tumour volume as compared
to MRI at baseline assessment. Similarly, amino acid
PET is superior to MRI for the differentiation of treat-
ment-related changes from tumour relapse [8]. Other
notable tracers used in neuro-oncology include FLT and
Choline. FLT is a thymidine analogue used to image
tumour proliferation; however, thymidine analogues are
not transported across an intact BBB which limits its use,
particularly in low-grade gliomas [12]. Choline is incorpo-
rated into phospholipid synthesis, a major cell membrane
component reflecting tumour cells rapid proliferation. In
a systematic review by Dardel ez 4/. [13], they reported a
high diagnostic accuracy of choline PET in many clinical
applications. One particular advantage of choline PET is
its high tumour-to-background signal; however, there is

not enough evidence to recommend choline over other
wellestablished PET tracers.

The role of nuclear medicine is more evident in the post-
treatment period as the detection of recurrent disease
allows for the initiation of treatment earlier. Despite the
current low utilization of PE'T imaging in neuro-oncol-
ogy, the future is promising. The advent of theranostic
PE'T in the field of neuro-oncology is gaining momen-
tum [14]. PET imaging can be used to identify specific
biological targets to deliver radionuclide therapy sub-
sequently. Examples include PSMA and somatostatin
receptors analogue imaging utilizing the DOTA tracers.
Furthermore; there is a slew of promising new tracers
that identify investigational therapeutic targets such as
vascular endothelial growth factor, epidermal growth
factor receptor, human epidermal growth factor receptor
2, programmed cell death receptor-1, CD8+ T-cells and
isocitrate dehydrogenase mutations among others [15].
This will allow patient selection for potential therapies,
particularly immunotherapy agents such as checkpoint
inhibitors, Bevacizumab and chimeric antigen receptor
T-cell therapy. As therapies targeting these specific path-
ways are developed and validated, the demand for PE'T
imaging in neuro-oncology will increase accordingly,
allowing for precision oncology practice. Another prom-
ising field is proton beam therapy (PBT), which delivers
maximized radiation dose to the target tissue and mini-
mizes the dose to nontarget tissue as compared to photon

beam radiation [16]. The use of PET imaging to delin-
eate the tumours volume and extent in this setting will
become critical. PE'T imaging can also be used for quality
assurance of PBT as it can be acquired during or soon
after therapy to assess dose delivery [17].

It is difficult to predict the future of molecular imaging
in neuro-oncology, but a key role will be played by the
development and validation of new therapies and trac-
ers, which will drive clinical demand. Improvements and
adoption of new technologies such as multiparametric
imaging (e.g., PE'T/MRI) may add further essential infor-
mation in neuro-oncology [18]. Although some form of
collaboration exists between RANO, EANO, EANM and
SNMMI [12], there is room for improvement. Most man-
agement guidelines produced by organisations such as
the EANO, European Society of Medical Oncology and
the National Institute for Health Care and Excellence
only briefly mention PE'T imaging. Such organizations
would benefit from input by nuclear medicine societies
when updating their guidelines [19,20]. The nuclear
medicine fraternity, relevant royal colleges and our regu-
lators and paymasters (NHS-E and MHRA) must remain
engaged and help facilitate and adopt alternative radiop-
harmaceuticals and new technologies for patient benefit.
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