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Abstract

Tumefactive multiple sclerosis (tumefactive MS) is an atypical variant of MS characterized by a large
isolated demyelinating lesion. Because tumefactive MS mimics high grade astrocytoma clinically and
radiologically, it is difficult to distinguish between the two using only traditional diagnostic modalities,
such as routine magnetic resonance imaging. [''C] methionine positron emission tomography (MET PET)
has been known as a useful diagnostic tool for glioma. However, it has not been established as a diagnostic
tool for tumefactive MS yet. Therefore, the objective of this study was to evaluate the performance of MET
PET in differentiating tumefactive MS from high grade astrocytoma. We studied patients with tumefactive
MS [six patients (three men, three women), 7 lesions] and 77 patients with astrocytoma (World Health
Organization grade II: 13 patients, grade III: 28 patients, and grade IV: 36 patients), and we compared
MET uptake of tumefactive demyelinating lesions and astrocytoma. For MET PET analysis, Lesion/Normal
region ratios (L/N ratios) were calculated and compared between tumefactive demyelinating lesions and
astrocytoma. On MET PET, the L. mean/N ratio of tumefactive MS was 1.18 + 0.50, which was significantly
lower than that of high-grade glioma (astrocytoma grade III: 1.95 + 0.62, P = 0.006; grade IV: 2.35 + 0.54,
P <0.0001). The L maximum (L max)/N ratio of tumefactive demyelinating lesion was also significantly
lower than that of high grade astrocytoma (tumefactive MS: 1.89 + 0.55; astrocytoma grade III: 3.37 + 1.36,
P = 0.0232; astrocytoma grade IV: 4.35 + 1.30, P <0.0001). In conclusion, MET PET can help differentiate
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tumefactive MS from high grade astrocytoma.
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Introduction

Multiple sclerosis (MS) is the most common inflam-
matory demyelinating disease of the central nervous
system defined by multiple separate attacks on the
brain and spinal cord.! Tumefactive MS is a rare
variant of MS characterized by an acute, large tumor-
like demyelinating lesion.>

It is a challenge to differentiate tumefactive MS
from brain tumors, especially high grade astrocytoma
because tumefactive MS mimics brain tumors clinically
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and radiologically.>® Patients with tumefactive MS are
often polysymptomatic because of the large size of
the lesion®; additionally, the neurological symptoms
induced by tumefactive MS are often observed for the
first time (53-78%).2%7” Moreover, the clinical course
of tumefactive MS is usually rapidly progressive.?
On magnetic resonance imaging (MRI), tumefactive
MS appears as an isolated demyelinating lesion
measuring over 2 cm with mass effect, perifocal
edema, a T,-hypointense rim, and ring enhancement
with gadolinium (Gd).?

Many studies have reported the usefulness of [''C]
methionine positron emission tomography (MET
PET) for diagnosing and grading glioma,*'® and the
surgical strategies combining MET PET were also
indicated to improve the surgical outcome of glioma.'¥
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However, few previous studies have reported about
the MET uptake of tumefactive demyelinating
lesions. The usefulness of MET PET in patients
with tumefactive MS is still unclear. Therefore, our
objective was to clarify the usefulness of MET PET
for diagnosing tumefactive MS.

Patients and Methods

Patients

We studied patients with tumefactive MS and
patients with newly-diagnosed astrocytoma in the
Tokyo Medical and Dental University Hospital from
2006 to date. Six patients with 7 tumefactive demy-
elinating lesions in the brain were included in this
study (three men, three women; mean age, 48.7 + 14.1
years; age range, 32—74 years). All patients presented
with sudden neurological deficits and progressive
clinical courses; therefore, they were suspected to
have a malignant brain tumor. The diagnosis of
tumefactive MS was confirmed either pathologically
(3 lesions in two men and one woman) or clinically
(4 lesions in two men and two women) based on
clinical follow-up with neurologic findings, imaging
findings, and results of cerebrospinal fluid (CSF)
analysis. For immunohistochemical staining of inflam-
matory cells, we used anti-CD3 antibody (Leica, LN10),
anti-CD20 antibody (Agilent, L-26), and anti-CD68
antibody (Agilent, KP-1). Seventy-seven patients with
newly-diagnosed astrocytoma were compared with
patients with tumefactive MS to clarify the differ-
ence of MET uptake [36 men, 31 women; mean age,
53.3 + 17.5 years; age range, 16—79 years, World Health
Organization (WHO) grade II: 13 patients (mean age +
standard deviation {SD} = 53.3 + 19.6), grade III: 28
patients (mean age + SD = 46.4 + 17.2), grade IV: 36
patients (mean age = SD = 58.8 + 15.4)]. Astrocytoma
was diagnosed by pathological results according to
the Central Nervous System WHO 2007 Classification.
This study was approved by the Ethics Committees
of Tokyo Medical and Dental University. Informed
consent was obtained from the patients.

Clinical courses of tumefactive MS

Patients’ clinical histories were investigated
retrospectively. To visualize patients’ general condi-
tion, their Karnofsky Performance Status (KPS) was
scored before the onset of symptoms and on admis-
sion. Additionally, the duration from the onset to
hospitalization was calculated to determine whether
their clinical course was progressive.

Diagnostic examinations for tumefactive MS
We reviewed the data from MRI and CSF exami-
nations [cell counts, total protein level, myelin
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basic protein (MBP), oligoclonal bands (OCBs), and
immunoglobulin G (IgG) index], anti-Aquaporin4
(AQP4) antibody in the serum, and MET PET scans.
CSF and serum samples of all patients were taken
concurrently. We assessed the levels of albumin
(Alb) and IgG in the serum and CSF, and OCBs, and
calculated the IgG index as follows: (CSF - IgG/
CSF - Alb)/(serum - IgG/serum — Alb).

[*'C] methionine positron emission tomography

Positron emission tomography measurements were
determined using a PET scanner (Headtome IV or V,
Shimadzu, Kyoto) and measuring the equilibrated
radioactivity 20 min after an intravenous injection
of MET (250-350 MBq). The transmission data were
acquired for each patient with a rotating germanium-68
rod source for attenuation correction. The regional
uptake of MET PET was expressed as the standard-
ized uptake volume (SUV) [(tissue activity {Bq}/tissue
volume {ml})/(injected radioisotope activity {Bq}/body
weight {g})], and the tracer uptake by the tumefactive
demyelinating lesion or astrocytoma was expressed as
the ratio of SUV mean or SUV max of the lesion to
that of the normal contralateral frontal lobe (lesion/
normal region ratio: L mean/N ratio [SUV mean of
the lesion/SUV mean of the normal region]) and
L max/N ratio (SUV max of the lesion/SUV mean
of the normal region), respectively. To determine
the SUV of the lesion, we placed regions of interest
manually around the lesion.

Statistical analysis

The L mean/N ratio and L max/N ratio are presented
as a mean + SD. Statistical analyses for group
comparisons were performed by analysis of variance
followed by Tukey’s post-hoc test using GraphPad
Prism version 6.05 (GraphPad Software, La Jolla, CA,
USA). A difference between groups was considered
significant when the P-value was <0.05.

Results

The clinical characteristics of patients with tume-
factive MS are displayed in Table 1. Three of six
patients were diagnosed as having tumefactive MS
based on pathological findings, and the other three
patients were diagnosed based on their aggressive
clinical courses and good response to treatment.
All six patients developed various neurological
deficits rapidly. In five of six cases, the KPS score
deteriorated to about 50 from 100 between 1 and 2
months. We could not differentiate tumefactive MS
from high grade astrocytoma by patients’ clinical
courses. Five patients were treated by corticosteroid
therapy, and one patient was treated by corticosteroid
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therapy and plasma exchange. In all patients, the
neurological deficits improved rapidly after treat-
ment, and all the lesions decreased in size and
some lesions were diminished by these therapies.

Magnetic resonance imaging demonstrated Gd
ring enhancement in 5 of 7 lesions and perifocal
edema in 6 lesions. Most lesions showed both Gd
enhancement and perifocal edema that mimicked
high grade astrocytoma (representative case 1).
One lesion without Gd enhancement had perifocal
edema; therefore, high grade astrocytoma was cited
as a differential diagnosis (representative case 2).
According to the CSF examination, an abnormally
increased cell count and total protein level were
detected in three of six cases, respectively. In three
of six cases, increased MBP was observed. OCBs or
an increased IgG index was not found. Anti-AQP4
antibodies were also not detected.

On MET PET, the L mean/N ratio was 1.18 + 0.50,
and L max/N ratio of tumefactive lesions was 1.89
+ 0.55. The L mean/N ratio was significantly lower
than that of WHO grade III astrocytoma (P = 0.006)
and that of WHO grade IV (P <0.0001) respectively
(astrocytoma grade II: 1.63 + 0.27, grade III: 1.95
+ 0.62, and grade IV: 2.35 + 0.54) (Fig. 1A). The
L max/N ratio was also significantly lower than that
of WHO grade III astrocytoma (P = 0.0232) and
that of WHO grade IV (P <0.0001) (astrocytoma grade
II: 2.50 + 0.71, grade III: 3.37 + 1.36, and grade IV:
4.35 + 1.30) (Fig. 1B). There was a variation of MET
uptake depending on the lesion. MET uptake of
5 lesions was relatively high (average L mean/N
ratio = 1.44 and average L max/N ratio = 2.14),
and the MET uptake of the other 2 lesions was
low (average L mean/N ratio = 0.524 and average
L max/N ratio = 1.24). In two MET high uptake
lesions (lesions 2 and 4), the pathological exami-
nation showed that diffuse infiltration of T cells
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$ Q indicates the minimum
value. MS, multiple
sclerosis. ‘P <0.05,
“P <0.01, "'P <0.001,
P <0.0001.

was shown relatively more in the tumefactive
demyelinating lesion with high MET uptake than
in the lesion with low MET uptake (Figs. 2G-2]).
There was little difference of B cells accumulation
between MET high uptake lesions and MET low
uptake lesion (Figs. 2K and 2L).

Representative case 1

A 74-year-old woman had been treated for rheuma-
toid arthritis with adalimumab before she developed
sudden left facial paralysis with left hemiplegia
just 4 days later. The KPS score deteriorated from
100 to 40 over 20 days. MRI demonstrated an
isolated lesion (7 x 5 cm) in the subcortex of the
right frontotemporal lobe (lesion 1) (Fig. 3). The
lesion was hyperintense with perifocal edema on
fluid-attenuated inversion recovery (FLAIR) imaging
(Fig. 3A). T,-weighted Gd-enhanced imaging also
showed a ring-enhanced lesion (Fig. 3B). According
to the CSF examination, the cell count, total protein
level, and MBP uptake were normal. OCBs were
negative, and the IgG index in the CSF was not
increased. MET PET showed a high T/N ratio for
the tumefactive lesion (L mean/N ratio = 1.77 and
L max/N ratio = 2.63) (Fig. 3C). A biopsy revealed
loss of myelin and relative preservation of axons
(Figs. 2A and 2C). The infiltration of foamy macrophages
without tumor cells was seen (Fig. 2E). The lesion
was diagnosed as tumefactive MS. The strong infil-
tration of T cells was seen diffusely (Fig. 2I). The
patient was treated with steroids. The neurological
symptoms improved quickly, and the tumefactive
lesion was markedly decreased on the MRI scan
after treatment.

Representative case 2
A 60-year-old man developed sensory loss in the
left lower extremity and then a right visual field
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Fig. 2 The pathohistological results of the representative cases. A, C, E, G, I, K: representative case 1; B, D, F, H,
J, L: representative case 2. (A and B) Kluver-Barrera staining showing loss of myelin. (C and D) Bodian staining.
The axons are relatively preserved. (E and F) Immunohistochemistry for CD68 shows macrophage accumulation.
(G and H) Hematoxylin and eosin staining. Infiltration of macrophages and lymphocytes is observed. Tumor
cells are not seen. (I and J) Immunohistochemistry for CD3 shows T cells with diffusive accumulation. (K and
L) Immunchistochemistry for CD20 shows accumulation of B cells.

Fig. 3 Preoperative imaging results of representative case 1. (A) Fluid-attenuated inversion recovery image
showing perifocal edema. (B) Gadolinium-enhanced magnetic resonance image showing a ring-enhanced lesion in
the subcortex of the right frontotemporal lobe. (C) [*'C] methionine (MET) positron emission tomography imaging.
The tumefactive lesion shows high uptake of [''C] MET (L mean/N ratio = 1.77 and L max/N ratio = 2.63).

defect about 1 month later. The KPS score decreased side of the pons (lesion 6) (Fig. 4). The occipital
from 100 to 40 over 60 days. MRI demonstrated lesion was hyperintense on the FLAIR image
2 tumor-like lesions. One lesion was located in  (Fig. 4A). Although T,-weighted Gd-enhanced images
the subcortex of the right occipital lobe (lesion 5),  did not show any Gd enhancement (Fig. 4B), the
and the other lesion was located in the right occipital lesion had perifocal edema (Fig. 4A).

Neurol Med Chir (Tokyo) 59, May, 2019
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Fig. 4 Preoperative imaging results of representative case 2. (A) Fluid-attenuated inversion recovery image showing
a mass lesion and perifocal edema in the subcortex of the left occipital lobe. (B) Gadolinium-enhanced magnetic
resonance imaging scan without any enhanced lesions. (C) [''C] methionine (MET) positron emission tomography
scan. The tumefactive lesion shows low uptake of [''C] MET (L mean/N ratio = 0.326 and L max/N ratio = 1.36).

Therefore, high grade astrocytoma was suspected as
a differential diagnosis in addition to a progressive
clinical course. According to the CSF examination,
the cell count, total protein level, and MBP uptake
were abnormally increased. OCBs or an increased
IgG index was not detected. The patient was nega-
tive for the anti-AQP4 antibody. On MET PET,
the occipital lesion showed low uptake of MET
(L. mean/N ratio = 0.326 and L max/N ratio = 1.36)
(Fig. 4C). A biopsy revealed the loss of myelin,
relative preservation of axons and infiltration of
foamy macrophages without tumor cells (Figs. 2B,
2D, and 2F). Hence, the diagnosis was tumefactive
MS. The infiltration of T cells in this case was less
than that in representative case 1 (Figs. 2I and 2]).
The patient was treated with a steroid, and then the
neurological symptoms improved. Both tumefactive
lesions on the MRI scan decreased after treatment.

Discussion

This study demonstrated the usefulness of MET PET
for making the differential diagnosis of tumefactive
MS from high grade astrocytoma (L mean/N ratio:
tumefactive MS 1.18 * 0.50, astrocytoma grade
III: 1.95 = 0.62 [P = 0.006], grade IV: 2.35 + 0.54
[P <0.0001]; L. max/N ratio: tumefactive MS 1.89 +
0.55, astrocytoma grade III: 3.37 = 1.36 [P = 0.0232],
grade IV: 4.35 = 1.30 [P <0.0001]). Both L mean/N
ratio and L max/N ratio were useful. Patients with
tumefactive MS had rapidly progressive clinical
courses and tumor-like lesions on MRI, and it was
difficult to diagnose tumefactive MS by only their
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history and MRI findings. Tumefactive MS can be
treated by steroid therapy and/or plasma exchange;
therefore, an early and accurate diagnosis is impor-
tant. The uptake of MET in tumefactive lesions was
significantly lower than that in high-grade astrocy-
toma in our results; thus, MET PET was revealed
to be an effective diagnostic tool for discriminating
tumefactive MS from high grade astrocytoma.

It is difficult to diagnose tumefactive MS by
only classic modalities such as routine MRI or CSF
examination. MRI is the most sensitive method for
detecting white matter lesions of MS.? However,
the previous study reported that MRI alone could
not provide sufficient information for distinguishing
tumefactive demyelinating lesions from gliomas
with high accuracy.’ In addition, Luccuhinetti
et al.? reported that characteristic MRI features for
tumefactive MS were seen in only a limited number
of cases. They also showed that a mass effect was
observed only in 36% of patients with tumefactive
demyelinating diseases, perifocal edema in 77%, ring
enhancement in 60-65%, and T,-hypointense rim in
45%. Our results showed that Gd ring enhancement
was positive in 71.4% (5/7 patients) of the lesions,
and perifocal edema was positive in 85.7% (6/7).
These results were consistent with those of previous
reports. A CSF examination is often used for diag-
nosing MS. Approximately 90% of the patients with
MS had unmatched OCBs in the CSF; however, only
52% of patients with tumefactive MS had positive
OCBs at their first clinical event.” The IgG index
was positive in only about 40% of the cases with
clinically/radiologically isolated syndrome.'® In our
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study, OCBs and an increased IgG index were not
found in the CSF of all patients.

The usefulness of MET PET for diagnosing brain
tumors is well established. MET PET has high
sensitivity and specificity for detecting high grade
astrocytoma.'” Additionally, many reports concluded
that MET PET could discriminate high grade astro-
cytoma from low grade astrocytoma.®'¥

A few reports about MET PET showed that MET
uptake in tumefactive demyelinating lesions was
relatively low.”®1%-20 Several case studies demonstrated
that the uptake of MET in tumefactive demyelinating
lesion was about 1.2-1.5'%2% (mainly described as
the L max/N ratio). Our results were consistent with
the findings of these previous studies.

There was variation in the uptake of MET of
tumefactive demyelinating lesions in our study.
Additionally, the pathological examinations revealed
the stronger inflammatory cell infiltration, especially
with T cells in lesions with high MET uptake
than in those with low MET uptake. The severity
of inflammation was supposed to be one of the
reasons for variation of MET uptake. MET PET
is an imaging method for visualizing amino acid
metabolism. A couple of the factors reflecting the
MET uptake are increased methionine metabolism
and active methionine transport.??)? MET uptake is
induced by cell proliferation such as a malignant
tumor or the infiltration of cells including inflam-
mation. The other factors are passive diffusion by
blood—brain barrier disruption and stagnation of MET
in the vascular bed.'®?® Increased MET uptake was
reported in brain abscesses, encephalitis such as
Rasmussen syndrome, and anti-N-methyl-np-aspartate
receptor encephalitis, and radiation necrosis.?*? The
previous studies reported that increased MET uptake
in brain abscesses and encephalitis normalized after
treatment, and they concluded that inflammatory
cell infiltration was an important factor for MET
uptake. Therefore, the severity of inflammation
could have effect on MET uptake. However, more
histological studies are needed to elucidate the
relationship between the severity of inflammation
and MET uptake.

In conclusion, MET PET is a promising modality
to help make a differential diagnosis between tume-
factive MS and high grade astrocytoma because of
the significant difference of MET uptake between
these two diseases.
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