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preceding demyelinating central nervous system
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Abstract
Single voxel proton magnetic resonance
spectroscopy (MRS) provides a rapid
non-invasive fingerprint of tissue chemis-
try. A case history is presented in which a
B cell lymphoma with antecedent demy-
elinating lesions of the CNS was suspected
by MRS and confirmed by neuropatho-
logical examination and immunoglobulin
gene rearrangement.
(J Neurol Neurosurg Psychiatry 2001;70:259–262)
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Primary lymphomas of the CNS are rare
malignant tumours accounting for less than
1% of all brain tumours. Occasionally, primary
CNS lymphomas are heralded by demyelinat-
ing lesions (sentinel lesions) which are histo-
logically indistinguishable from multiple scle-
rosis lesions.1–3 Based on clinical and
neuroradiological findings, diVerential diagno-
sis is often impossible. Localised proton
magnetic resonance spectroscopy (MRS) has
been successfully applied to a large variety of
brain disorders in children and adults.4 5 Its
ability to non-invasively identify alterations of
cerebral metabolites that are specific for certain
pathological processes such as damage of neu-
roaxonal tissue or proliferation of glial cells
may provide a more sensitive tool for diVeren-
tial diagnosis. We report on a patient in whom
proton MRS helped to distinguish between a
demyelinating disorder and the occurrence of a
primary CNS lymphoma.

Results
CASE REPORT

In April 1998, a previously healthy 65 year old
man developed vertigo, neck pain, recurrent
vomiting, and gait disturbance. Cranial CT and
MRI disclosed a tumour-like, diVusely gadolin-
ium enhancing, hypointense (T1 and T2
weighted MRI) structure in the left cerebellar
hemisphere (fig 1 A and B). The lesion was sur-
gically removed and classified as a typical multi-
ple sclerosis demyelinating lesion. Perioperative
treatment with dexamethasone (3×8 mg daily)
starting 3 days preoperatively, led to rapid

improvement of the patient’s neurological func-
tions. At the end of August 1998, the patient
experienced pain and paresis of the left leg in
addition to a recurring disturbance of balance.
Brain MRI demonstrated new contrast enhanc-
ing lesions in the parieto-occipital white matter
and in the right thalamus. Lumbar CSF showed
pleocytosis and mildly increased protein (0.7 g/l)
but no oligoclonal bands. Symptoms diminished
and MRI showed a reduced number of lesions
under high doses of prednisolone. Tapering of
corticosteroids rapidly enhanced the left spastic
hemiparesis. In November 1998 MRI showed
multiple, partly hyperintense, contrast enhanc-
ing lesions in both hemispheres and the
brainstem. Three weeks after cessation of
corticosteroid treatment, whole body CT, re-
peated bone marrow and lumbar punctures, and
many serological analyses were performed yield-
ing no evidence of a systemic lymphoma, or
infectious or autoimmune disease. Visually and
acoustically evoked potentials showed patho-
logical changes. Again, treatment with pred-
nisolone (100 mg/day) improved neurological
functions and MRI lesions. During slow reduc-
tion of steroids in January 1999, MRI docu-
mented a large contrast enhancing lesion in the
right parietal white matter and basal ganglia with
surrounding oedema. Serum analysis showed
the presence of antibodies directed against
myelin oligodendrocyte glycoprotein (MOG);
MRS demonstrated very high contributions of
mobile lipids as a diagnostic hallmark. In a brain
biopsy of this newly developed lesion, diagnosis
of a B cell lymphoma was made. The patient was
treated with prednisolone, methotrexat, and
radiation. The clinical situation of the patient
deteriorated rapidly. He died 2 months after the
diagnosis of lymphoma due to pulmonary com-
plications. A postmortem examination was
refused by the relatives.

HISTOPATHOLOGICAL FINDINGS

In the cerebellar lesion surgically removed in
April 1998 changes were restricted to the white
matter, which was infiltrated by macrophages
and T cells (fig 2 A). Lymphocytes—among
them many CD8 positive T cells—diVusely
infiltrated the lesions (fig 2 A). Plasma cells
were rarely seen. Luxol fast blue myelin stain
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showed a demyelinated lesion. Immunocyto-
chemistry with antibodies to the myelin
proteins MBP and CNP disclosed thin myelin
sheaths occasionally surrounding axons indi-
cating remyelination (fig 2 B) as well as a
mainly preserved oligodendrocyte population
(fig 2 C). Axons were reduced in number
(Bielschowsky stain). In the biopsy from the
right parietal lesion in January 1999, tissue was

severely infiltrated by atypical, highly pleomor-
phic lymphoid cells with large nuclei (fig 2 D).
Immunohistochemical studies with antibodies
to B lymphocytes (anti-L26 and anti-CD79a)
showed a monoclonal B cell population (fig 2
E) with high proliferative activity (immunocy-
tochemistry against the proliferation associated
antigen Mib-1). Ebstein-Barr virus antigen was
not detected.

Figure 1 MRI and proton MRS. The initial cerebellar lesion was hypointense (A) in T2 weighted images (B) and T1
weighted images. (C and D) show a secondary cerebral lesion. (C) T1 weighted (3D FLASH, TR/TE = 15/4 ms, flip
angle 20°) and (B) T2 weighted MR image (FSE, TR/TE = 2625/98 ms, flip angles 90/120°) of a transverse section
(thickness 4 mm) through the cortex indicating volumes of interest (8.65 ml) selected for proton MRS. (E and F)
Corresponding proton MR spectra (STEAM, TR/TE/TM = 6000/20/10 ms, 64 accumulations) of the right parietal lesion
(scaled down by a factor of four) and from a homologous area in the contralateral hemisphere, respectively. Metabolite
resonances include N-acetylaspartate and N-acetyl aspartylglutamate (NAA), creatine and phosphocreatine (Cr), choline
containing compounds (Cho), myoinositol (Ins), and mobile lipids (Lip). Whereas the contralateral control exhibits normal
metabolite concentrations, the lesion is characterised by raised Cho and Ins as well as very high concentrations of mobile
short chain fatty acids.
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POLYMERASE CHAIN REACTION (PCR) FINDINGS

DNA was extracted from the paraYn blocks of
both biopsies. For the determination of immu-
noglobulin gene rearrangement, a seminested
PCR was performed as described in detail ear-
lier.6 The Raji cell line CCL served as a positive
control for the PCR. Electrophoresis of the
PCR products disclosed a distinct DNA band
of 90 bp size in the second biopsy whereas the
first biopsy did not show immunoglobulin
rearrangement (fig 2 F). There was no indica-
tion of ã-T cell receptor rearrangement in
either biopsy.

SPECTROSCOPY

Localised proton MRS was performed at 2.0
Tesla (Siemens Magnetom Vision, Erlangen,
Germany) using the standard imaging head-
coil. Volumes of interest (VOI) for single voxel
proton MRS of the right hemispheric lesion
and a contralateral control region were selected
from T1 and T2 weighted MR images (fig 1 C
and D). Fully relaxed short echo time proton
MR spectra were acquired with use of a stimu-

lated echo acquisition mode localisation se-
quence (STEAM, TR/TE/TM=6000/20/10
ms, 64 acquisitions) as described previously.7 8

Automated user independent quantification of
absolute metabolite concentrations in mmol/l
VOI (mM) was obtained by LCModel using a
data base of calibrated model spectra of all
individual metabolites.9 By contrast with the
lesion spectrum (fig 1 E), the contralateral side
(fig 1 F) showed a typical white matter pattern
with concentrations of metabolites within nor-
mal ranges. The lesion was characterised by
increased Cho (2.15 mM) and Ins (5.5 mM),
reduced Cr (1.7 mM), and a complete loss of
NAA as well as by very high concentrations of
mobile lipids (Lip). These short chain fatty
acids give rise to at least three diVerent proton
MR resonances reflecting the terminal methyl
groups at about 0.95 ppm, the chemically
equivalent methylene groups of the main acyl
chain at about 1.25 ppm, and the á and â
methylene groups at 2.0–2.2 ppm. The obser-
vation of highly concentrated mobile lipids is
an unusual spectroscopic finding. Comparable

Figure 2 (A-C) Histopathological findings of the initial cerebellar lesion and (D and E) the right parietal lesion. (A) The
initial lesion is infiltrated by numerous CD3 positive T cells. (B) The MBP stain disclosed demyelination and the presence
of small clusters of uniform thin myelin sheaths indicative of remyelination. (C) There were numerous CNPase positive
oligodendrocytes (arrowheads) present in the lesion. (D) The right parietal lesion by contrast showed a highly cellular
tumour consisting of atypical lymphoid cells. (E) Immunocytochemistry with the B cell marker CD20 shows a lymphoma
consisting of a monoclonal B cell population. (F) DNA agarose gel after polymerase chain reaction analysis for
immunoglobulin gene rearrangement. Lane 1=length standard; lanes 2 and 3=positive controls (EB-1 and CCL) showing
the distinct 90 bp band; lane 4=normal lymph node without any monoclonal band; lanes 5 and 6=second biopsy with
distinct 90 bp bands; lane 7=first biopsy showing no monoclonal band.
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lipid contributions have only been found in
abscesses, lipoma, malignant glioblastoma, and
primary CNS lymphoma. Most importantly,
however, they are clearly distinct from the
MRS correlates of neuroaxonal damage and
gliosis found in demyelinating lesions. To-
gether with the MRI appearance and in line
with a recent MRS report of a lymphoma,10 11

proton MRS of the lesion suggested a
lymphoma.

Discussion
Subsequent to a single multiple sclerosis-like
demyelinating lesion in the cerebellum a previ-
ously healthy 65 year old man developed
multifocal contrast enhancing, steroid sensitive
lesions. Nine months after the first symptoms a
primary CNS lymphoma was suspected by
MRS. A second brain biopsy confirmed the
diagnosis of a primary CNS lymphoma by
immunocytochemistry and immunoglobulin
gene rearrangement. Primary CNS lymphoma
with antecedent demyelinating lesions has been
documented in several case reports.1–3 The
pathogenesis of these sentinel lesions and their
relation with the later developing lymphomas
remain unclear. Primary CNS lymphomas are
known to be massively infiltrated by T cells,12

and this feature may lead to the misdiagnosis of
an inflammatory process. However, in our
patient a hidden lymphoma in the first biopsy
was excluded by molecular and immunohisto-
chemical tools. The low dose steroid therapy
which was started 3 days before the first biopsy
might have aVected the cerebellar lesion and
led to regression of the tumour.13 However, it is
unlikely that the malignant B lymphocytes
were selectively eliminated and the surviving
reactive T cells within the tumour mimicked a
demyelinating lesion.

The common appearance of demyelination
and lymphoma may be the result of one causa-
tive agent. Numerous viruses have been associ-
ated with the pathogenesis of multiple sclerosis
and the development of CNS lymphomas. In
our patient, neither increased virus titres in
CSF, or serum, or virus antigen (EBV) within
the biopsies were detected, making a virus
associated pathogenesis unlikely. Alternatively,
lymphocytic infiltrates accompanying leukoen-
cephalopathies may have been transformed to
malignant B cell lymphomas.14 In our case,
antibodies to MOG were detected in the serum
of the patient. These anti-MOG antibodies
may be produced by transformed B cells and
promote autoimmune demyelination.15 The
clonal expansion of B cells from CSF in
patients with multiple sclerosis supports the
hypothesis of a possible transition of the
inflammatory infiltrate to a malignant
lymphoma.16

Discrimination between a demyelinating
lesion and a tumour may be impossible with
clinical and neuroradiological methods. Proton
MRS measures metabolic profiles as a correlate

of normal and pathological tissue composition
or function and may thus aid in the diVerential
diagnosis. MR Spectra of multiple sclerosis
plaques are characterised by reduced NAA
concentrations reflecting neuroaxonal damage
as well as increased Cho and Ins concentra-
tions indicating glial proliferation or the devel-
opment of gliotic scars. MRS reports of
moderately increased “lipid” signals in acute
multiple sclerosis plaques have been de-
scribed.17 On the contrary, primary CNS lym-
phomas show markedly decreased NAA, in-
creased Cho and Ins, and very pronounced
contributions from short chain fatty acids.10

Resonances due to mobile lipids have also been
detected in other brain tumours such as astro-
cytomas,18 and it is suggested that they are
derived from tissue necrosis, an uncommon
feature of demyelinating CNS lesions. In sum-
mary, the present case demonstrates the poten-
tial of proton MRS for the in vivo diVerential
diagnosis of demyelination versus CNS
lymphoma.
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