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Abstract ‘Lymphomatosis cerebri’ (LC) is a term indi-

cating a diffusely infiltrating form of primary central ner-

vous system lymphoma (PCNSL) without evidence of a

mass lesion. Not infrequently, diagnostic confusion is

caused by its presentation on cranial magnetic resonance

images (MRI), which is characterized by diffuse leukoen-

cephalopathy without contrast enhancement. In this report,

we describe a 53-year-old, immunocompetent man who

had an insidiously progressive dementia and right weak-

ness. On serial MRI in 4 months duration, diffuse white

matter lesions without contrast enhancement gradually

progressed, which was clinically consistent with his

worsening condition. Biopsy specimen demonstrated non-

destructive, diffusely infiltrating, large B-cell lymphoma,

diagnosing LC. After the biopsy, corticosteroids were ini-

tiated, which dramatically alleviated his symptoms.

Afterwards, he was treated by whole brain irradiation (total

36Gy) and discharged without noticeable deficits. Diag-

nosis of LC requires additional examinations generally not

performed in the other white matter disorders. In suspected

cases, biopsy should be performed to avoid deferring

adequate cytostatic treatment.

Keywords Leukoencephalopathy � Lymphomatosis

cerebri � Magnetic resonance imaging � Primary CNS

lymphoma � White matter dementia

Introduction

Primary central nervous system lymphoma (PCNSL) usu-

ally presents with clinical and neuroimaging findings

consistent with focal or multifocal, isolated mass lesions.

In immunocompetent patients, such lesions are almost

invariably contrast enhancing on magnetic resonance

imaging (MRI) [1–6]. Very rarely, the disease manifests as

a diffuse infiltrating form without evidence of a mass

lesion, referred to as ‘lymphomatosis cerebri’ (LC) [7–10].

Clinically, LC typically presents with a rapidly progressive

dementia and unsteadiness of gait [7, 9, 10]. A character-

istic MRI finding of LC is diffuse leukoencephalopathy in

both hemispheres, which is assumed to be caused by

widespread infiltration of the cerebral white matter by

lymphoma cells, but those lesions show no contrast

enhancement [7, 9]. Thus, clinical presentation and MRI

features resemble other white matter disorders, and hence

often cause diagnostic confusion with suspected diagnosis

of Binswanger’s disease (subcortical ischemic vascular

dementia), infectious leukoencephalitis, or neoplasms such

as gliomatosis cerebri [7, 9–13]. Here, we report a case of

LC which slowly progressed both clinically and radio-

graphically during 4 months follow-up. At first, white
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matter lesions were asymmetric and accentuated in the left

on MRI, but those lesions progressed bilaterally until

almost symmetric. Biopsy specimen confirmed the diag-

nosis. Corticosteroids greatly improved his symptoms.

After whole brain irradiation, he was discharged with oral

corticosteroids.

Case report

This 53-year-old, right-handed, otherwise healthy man had

a several month history of insidious personality changes

and forgetfulness. At initial presentation, he was alert and

complained of general fatigue, dizziness, and clumsiness of

the right foot. The first MRI showed asymmetric diffuse

white matter hyperintensity lesions that were noted in the

left on T2-weighted or FLAIR images (Fig. 1A, B). Those

lesions were isointense to slightly hypointense on

T1-weighted images, and also involved the brain stem (not

shown). On diffusion-weighted imaging (DWI), the lesions

were slightly hyperintense (not shown). MRI angiography

was normal. Demyelinating diseases such as multiple

sclerosis, or degenerative disorders were suspected, and he

was followed carefully in an outpatient basis. One month

later, the second MRI was taken with contrast medium

(gadolinium (Gd)). Neither mass effect nor enhancement

was apparent on a postcontrast study. Disorientaion and

right weakness had slowly developed during the next two

months, and finally at 4 months after initial presentation,

he was hospitalized with gait disturbance. On admission,

he was slightly disoriented. Neurological examination

revealed no apparent deficits other than weakness of the

right extremities. Cerebrospinal fluid (CSF) examination

showed a slightly increased protein (52 mg/dl, normal

15–40 mg/dl) and cell count (9/ll, normal <5/ll). On CSF

cytology, numerous lymphoid cells were present, but no

atypia was suggested. There was IgM synthesis in the CSF.

Neither viral antibodies nor bacteria could be found in

CSF. Circulating immune complexes containing IgM

(48 mg/dl, normal 35–220 mg/dl) were within normal

limits. Extensive microbiological serology including test-

ing for HIV was unremarkable. On the third cerebral MRI,

the size of white matter lesions significantly enlarged, and

those were recognized as almost symmetric on T2-weigh-

ted or FLAIR images (Fig. 1C, D). There was still no

contrast enhancement (Fig. 1E, F). On whole body positron

emission tomography (PET) with fluor-desoxy-glucose

(FDG), abnormal FDG uptake was observed neither in the

trunk nor in the extremities. Clinically, the disease slowly,

but steadily progressed even during the several days in

Fig. 1 (A, B) Cerebral MRI at initial presentation, FLAIR-weighted

images showing pathological signal hyperintensities in the white

matter of both hemispheres. Those lesions were accentuated in the left

side. (C–F) MRI at admission (4 months from initial presentation). C/

D: FLAIR-weighted images at corresponding planes to A/B.

Compared with the first MRI (A/B), white matter lesions markedly

progressed, and appear almost symmetric. Note that those lesions now

involve the tip of the right frontal lobe, which was partially resected at

the operation. E/F: T1-weighted image with Gd at the corresponding

planes to C/D showing the absence of contrast enhancement in

parenchyma. (G, H) The third MRI (FLAIR-weighted images

corresponding to A/B) taken at the completion of radiotherapy,

showing regression of white matter lesions
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hospitalization. Because a definitive diagnosis was not yet

reached, an open biopsy of the nondominant (right) frontal

lobe was performed 4 months after symptom onset. Biopsy

specimen showed diffuse infiltration of large-sized neo-

plastic lymphoid cells with B-cell lineage. He was given a

trial of high-dose steroids (intravenous methylpredniso-

lone, 1 g daily, for three days), which was clearly suc-

cessful in improving the patient’s condition. Afterwards,

oral corticosteroids were started, and then tapered. In the

meantime, since consent to extensive chemotherapy was

not obtained, the patient was treated by whole brain irra-

diation (fractionated, 2Gy/day, total 36Gy). MRI taken

after completion of radiotherapy showed shrinkage of high

intensity lesions (Fig. 1G, H). He was discharged with

maintenance dose of prednisolone (10 mg/day) without

apparent deficits. On MRI taken 5 months later, white

matter changes were still recognized, but further shrank,

and the size of the ventricles was enlarged (not shown). He

has been clinically stable for 11 months after biopsy.

Pathological findings

The biopsy specimen reveals increased cellularity in the

white mater without apparent destructive changes (Fig. 2A,

B). Atypical large-sized cells are diffusely scattered in the

white mater with irregular shaped-nuclei and prominent

nucleoli (Fig. 2C). The atypical cells are not cohesive, and

did not form a mass or perivascular concentric accumula-

tion. Mitotic figures are scant in number. No atypical cells

are found in the vascular lumina. In association with

atypical cells in the white mater, observed are infiltration of

small-sized reactive lymphoid cells and proliferation of

numerous microglia with occasional rod-shaped nuclei. In

comparison with conventional malignant lymphoma of the

brain, reactive astrocytes appear to be less in number

(Fig. 2E). The gray matter is rarely involved by the atyp-

ical cells.

Immunohistochemically, the atypical cells were positive

for CD20, CD45 and CD79a, and some are weakly positive

for MUM-1 in the nuclei (Fig. 2D). Ki-67 antigen positive

cells are numerous (Ki-67 labeling = 30%). In contrast,

they were negative for CD3, CD5, CD10, bcl-2, bcl-6,

CD21, CD68, Olig2, or glial fibrillary acidic protein

(GFAP). Infiltration of CD3, CD45 and CD45RO-positve

small-sized lymphoid cells without atypia is discerned in

the white mater and in the perivascular region. Iba-1 and

CD68-positive microglia were diffusely present (Fig. 2F).

The atypical cells are morphologically and immuno-

histochemically similar to those seen in diffuse, large

B-cell lymphoma cells. Since the tumor cells are scattered

exclusively in the matter without mass formation, a

pathological diagnosis of lymphomatosis cerebri was

made.

Fig. 2 (A) Hematoxylin and eosin with luxol fast blue staining shows

preserved myelin structure in the white matter. (original magnifica-

tion · 1.25). (B) Immunohistochemical study reveals scattering

infiltration of CD20 positive cells in the white mater without mass

formation, whereas the tumor cells are rarely infiltrating in the gray

matter (original magnification · 1.25). (C) Hematoxylin and eosin

staining in the white matter discloses scattering infiltration of atypical

cells with irregular-shaped nuclei with occasional prominent nucleoli.

Neither intravascular tumor cell growth nor perivascular tumor cell

cuffing is identified. Accumulated small-sized lymphoid cells around

the blood vessel are mainly composed of CD3 positive T-cell lineage

reactive cells (Data not shown). Inset: Observed are neoplastic

lymphoid cells, small-sized reactive lymphoid cells, reactive astro-

cytes and microglia including rod-shaped nuclei. (original magnifi-

cation ·10, inset ·40) (D) CD20 positive cells are diffusely

infiltrating in the white mater. (original magnification ·10) (E)

GFAP positive reactive astrocytes are not prominent in the white

mater. (original magnification ·10) (F) Iba-1 staining shows

numerous microglial proliferation in the brain tissue. (original

magnification ·10)
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Discussion

At presentation, PCNSL in immunocompetent patients

almost always shows as single or multiple, nodular contrast-

enhancing mass lesions within patchy T2-hyperintense

areas on MRI [6]. Very rarely, the disease manifests as a

diffuse, infiltrating form without a cohesive mass, a pattern

called lymphomatosis cerebri [7, 8]. Because its clinical

presentation and MRI findings mimic other white matter

disorders, diagnostic problems often occur. It may go

undiagnosed for prolonged periods of time thereby delaying

treatment. In our case, the disease had been mistaken for

demyelinating diseases such as multiple sclerosis, or

degenerative disorders [11]. As is the case with ours, LC has

been misdiagnosed as Binswanger’s disease (subcortical

ischemic vascular dementia) [9, 11], infectious encephalo-

myelitis including progressive multifocal leukoencephal-

opathy (PML) [7, 9, 11, 13], toxic or metabolic

abnormalities [11], unknown autoimmune diseases [10], or

neoplasms like gliomatosis cerebri [9, 13].

Since the first description of LC by Bakshi et al. [7],

several cases of LC have been reported into the literature

[9, 10]. Retrospectively reviewed, before the introduction

of the term LC by Bakshi et al. [7], several previous cases

do exist, describing pathologically proven, primary CNS

lymphomas which were nonenhancing on MRI [11–13]

(Table 1). Some other cases with nonenhancing lesion on

CT/MRI had been reported even previously [14, 15].

However, most of them were pathologically demonstrated

after contrast enhancing mass appeared on MRI, or autopsy

proven [7, 9–11, 15].

The present report is unique in that the course of disease

progression was demonstrated by serial MRI which showed

development of white matter changes thoroughly without

contrast enhancement, and that was clinically consistent.

Diffuse white matter lesions without contrast enhance-

ment in LC are pathologically supposed to be caused by

widespread infiltration of white matter by lymphomatous

cells [7, 9]. Lack of contrast enhancement on MRI is

assumed to reflect intact blood-brain barrier (BBB), or it

has been thought that significant BBB disruption by lym-

phoma cells is not yet produced [11, 12].

As well known, steroids can modify the enhancement

pattern and cause resolution of PCNSL lesions [16]. In our

case, although enhancing lesion was not detected, admin-

istration of steroids was cautiously withheld until biopsy,

because those agents might clinically obscure the diseases’

development. Though spontaneous regression of lym-

phoma has been reported with systemic low grade lesions,

there are few reported cases of spontaneous regression of

PCNSL in which steroid administration was carefully ruled

out as the cause of the improved clinical and imaging

findings [17].T
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Although progression of the disease was rather sluggish

in our case, patients usually deteriorate rapidly in the

reported cases [7, 9–11]. To avoid deferring adequate

treatment, biopsy is necessary to diagnose LC before

clinical deterioration.

This report is also unique in that treatment was started

before rapid clinical deterioration occurred. Though ste-

roids were effective in some cases [9, 10, 13], they were

not in the other [7, 11, 12]. Fortunately, steroid treatment

dramatically ameliorated symptoms in this particular case,

and he could be given whole brain irradiation in good

condition. Remission has been obtained by radiotherapy

alone for 10 months after diagnosis.
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