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Abstract. Large demyelinating inflammatory central nervous 
system (CNS) lesions may present with contrast enhancement 
on magnetic resonance imaging and may mimic CNS tumors 
such as glioma. In ambiguous cases, new diagnostic tools 
that may be helpful for distinguishing between demyelin-
ating inflammatory and neoplastic CNS lesions are required. 
The current study presents the case of a patient with a large 
contrast‑enhanced frontal brain lesion, who was initially 
diagnosed with tumefactive multiple sclerosis. Following the 
progression of the brain lesion, an 18F‑fluoroethyl‑L‑tyrosine 
positron emission tomography (18F‑FET PET) was performed, 
revealing markedly elevated static 18F‑FET uptake param-
eters along with time activity‑curves consistent with glioma. 
Subsequently, a biopsy was undertaken, which confirmed the 
presence of anaplastic oligoastrocytoma. This case illustrates 
that 18F‑FET PET may provide useful diagnostic information 
in cases where distinction between neoplastic and demyelin-
ating inflammatory CNS lesions is challenging. However, 
further systematic and prospective analyses are warranted to 
explore the value of this method in this setting.

Introduction

Tumefactive multiple sclerosis (MS) is an uncommon 
tumor‑like variant of MS that is characterized as a 
demyelinating inflammatory CNS disease with large acute 
lesions of ≥2 cm in diameter (1). In a large proportion of cases, 
these lesions are accompanied by edema, ring enhancement 
on imaging studies, and mass effects (2). As other space occu-
pying lesions, including primary brain tumors, abscesses, 
metastases and stroke, may present similarly on magnetic 
resonance imaging (MRI), it is often challenging to deter-
mine the correct diagnosis (1). Diagnosis is further hampered 
when the patient has not yet been diagnosed with MS. In 
addition, although even more uncommon, the coincidence of 
brain tumors and tumefactive MS is possible, even within the 
same lesion (3,4). Therefore, correct diagnosis of tumefactive 
MS is essential and frequently requires biopsy (5).

However, biopsy may be reluctantly undertaken due to 
its inherent small but non‑negligible risks  (6). As recently 
suggested, factors advocating the diagnosis of tumefactive MS 
and supporting deferral of biopsy include the additional presence 
of oligoclonal cerebrospinal fluid (CSF) banding, and/or white 
matter lesions suggestive of MS, and/or a sustained response 
to corticosteroids. In the presence of these conditions and the 
absence of clinical deterioration, a ‘wait and see’ strategy without 
biopsy and with frequent follow‑up MRI may be justifiable (7).

In cases of suspected MS with tumefactive lesions, it has 
been suggested that further imaging modalities be utilized 
to guide clinical decision‑making (8). In particular, positron 
emission tomography (PET) using radioactively labelled, 
metabolically active tracers, such as 18F‑fluorodeoxyglucose 
(18F‑FDG) and 11C‑methionine, is considered potentially useful. 
As 18F‑FDG uptake has a high background activity in the 
brain, there is a high false‑negative rate for the detection of an 
underlying glioma. This is not the case with 11C‑methionine (9). 
However, 11C‑methionine has a short half‑life. Therefore, its use 
is restricted to centers with an on‑site cyclotron (9).
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Figure 1. MRI and 18F‑FET PET imaging. (A) MRI scans at patient's initial presentation with several small periventricular hyperintense lesions and a large 
left frontal lesion on axial FLAIR imaging (left) with ring‑shaped enhancement on T1‑weighted (right) spin echo sequences following intravenous admin-
istration of gadolinium. (B) Persisting linear and ovoid lesions in the periventricular white matter on a sagittal T2‑weighted turbo spin‑echo sequence. 
(C) Sustained response and (D) size decrease of the hyperintense lesion on FLAIR (left) and T1‑weighted (right) imaging following contrast, observed 
over a course of 3 years in response to corticosteroid pulse treatment. (E) 3 years later, another increase in size observed on FLAIR (left) and T1‑weighted  
(right) pulse sequences following contrast administration. (F) 18F‑FET PET imaging showing high 18F‑FET uptake in the left frontal lesion with (G) initial 
rapid increase in SUVmean followed by slower further tracer accumulation. MRI, magnetic resonance imaging; 18F‑FET, 18F‑fluoroethyl‑L‑tyrosine; PET, 
positron emission tomography; FLAIR, fluid attenuated inversion recovery; SUVmean, mean standardized uptake value.
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By contrast, 18F‑fluoroethyl‑L‑tyrosine (18F‑FET), another 
commonly used radiolabelled amino acid, is characterized by a 
longer half‑life and is thus more suitable for widespread clinical 
usage (10). 18F‑FET uptake in glioma is high even in the pres-
ence of an intact blood‑brain barrier (11). Contrast‑enhancing 
non‑tumoral lesions usually exhibit a normal 18F‑FET 
uptake (12). Despite these properties, 18F‑FET PET has so 
far not been systematically used with regard to distinction 
between inflammatory and tumorous lesions.

To the best of our knowledge, the current study presents the 
first documented case of a patient with a large space‑occupying 
lesion initially diagnosed as tumefactive MS based on clinical 
and imaging factors, in whom subsequent 18F‑FET  PET 
correctly predicted a diagnosis of a glioma.

Case report

A 41‑year‑old Caucasian woman was admitted to University of 
Bonn Medical Center (Bonn, Germany) with a generalized seizure 
in December 2010. MRI revealed a left frontal ring‑enhancing 
lesion with additional non‑enhancing periventricular lesions 
and further lesions in the corpus callosum (Fig. 1A and B). As 
treatment, dexamethasone (8 mg, intravenously, 3 times per day) 
was administered for several days, and the patient commenced 
levetiracetam (1,000 mg, intravenously, 3  times per day) as 
anti‑epileptic medication. Physical examination at that time and 
on follow‑up visits revealed no pathological findings. A serum 
screen for anti‑nuclear antibodies, anti‑neutrophil cytoplasmic 
antibodies, anti‑cardiolipin antibodies, angiotensin converting 
enzyme, lysozyme and C‑reactive protein yielded negative 
results or normal values. An infection screen, including human 
immunodeficiency virus, treponemal and borrelia serology tests 
yielded negative results or results within the normal ranges. There 
was no elevated cell count in the CSF, glucose and lactate values 
were within normal range, and fluorescence‑activated cell sorting 
analysis revealed no atypical cells. However, the CSF was positive 
for oligoclonal bands. Somatosensory and visual evoked poten-
tials were normal.

Three weeks later, a follow‑up MRI revealed a slight reduc-
tion of contrast‑enhancement (Fig. 1C). Barkhof criteria (13) 
for the MRI supported a diagnosis of MS. Owing to a decrease 
of contrast‑enhancement on follow‑up MRI, a planned biopsy 
was withdrawn, and the patient was further observed by 
clinical examination and MRI.

This reduction of contrast‑enhancement sustained for 
>3 years (Fig. 1D), until it reappeared along with an increase in 
lesion size (Fig. 1E). However, this finding was not accompanied 
by any clinical deterioration of the patient. Subsequently, meth-
lyprednisolone pulse therapy (1,000 mg, intravenously, 3 times 
per day) was administered for 5 days, following which no effect 
on the contrast‑enhancing lesion was observed on a follow‑up 
MRI. To explore the possibility of the coexistence of a primary 
brain tumor, 18F‑FET PET was performed (213 MBq 18F‑FET, 
intravenous; dynamic acquisition over 50 min; reconstruction 
of a static frame from 20‑40 min). Static 18F‑FET PET revealed 
high tumor‑to‑brain ratio (TNR) values, indicating a neoplastic 
lesion (TNRmax, 3.8; Fig. 1F) (14). Kinetic analysis revealed 
a clear uptake pattern in the mean standardized uptake value, 
with a rapid initial increase followed by a slow further tracer 
accumulation (Fig. 1G), a pattern which has been described in 

low‑grade glioma (15). A stereotactic biopsy revealed a World 
Health Organization (WHO) grade II glioma (16). Subsequent 
complete resection of the tumor provided material that allowed 
the diagnosis of a WHO grade III oligoastrocytoma. Following 
diagnosis, the patient was irradiated and consequently treated 
with a combination of procarbazine (100 mg daily, days 8‑22) 
and lomustine (110 mg/kg, day 1) for 6 eight-week cycles. Brain 
MRI examination performed at the most recent follow-up in 
November 2015, revealed that the patient exhibited stable disease.

This report was approved by the local ethics committee, 
and the patient provided written informed consent for its 
publication.

Discussion

The present case report outlines the clinical course of a patient 
initially diagnosed with tumefactive MS, with white matter 
lesions reminiscent of MS, positive unmatched oligoclonal 
bands in the CSF, sustained response to corticosteroids and 
clinical stability following corticosteroid therapy. However, as 
proven by histology, the diagnosis was eventually determined to 
be an anaplastic oligoastrocytoma, likely coexisting with MS, 
and was established >3 years after initial clinical presentation.

The decision in favor of biopsy and subsequent resection 
in this particularly eloquent brain area was supported by 
18F‑FET PET results. Static and dynamic analyses of 18F‑FET 
uptake yielded results typical for glioma. Several larger case 
series have analyzed 18F‑FET uptake in cerebral lesions of 
unknown significance, among which few cases of demyelin-
ating lesions have been reported (16,17).

In line with these reports, the presented case highlights the 
potential value of 18F‑FET PET as a tool to distinguish between 
MS and primary brain tumors. Both static and dynamic param-
eters (as demonstrated for the first time in the present case) are 
important to make this distinction. In particular, the present 
case demonstrates that these parameters allow the detection of 
a glioma on a background of an unequivocal diagnosis of MS, 
where larger lesions may be highly suggestive of tumefactive MS. 
In such cases, 18F‑FET PET should be added early to the portfolio 
of diagnostic procedures. Overall, further systematic evaluation 
is warranted to explore the value of 18F‑FET PET imaging in the 
workup of unclear, putatively inflammatory cerebral lesions.
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