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Abstract

Background: Lymphomatosis cerebri (LC) is a rare variant of primary central nervous system lymphoma (PCNSL),
characterized by diffuse infiltration without the formation of a discrete mass. The diagnosis of LC is a challenge
because the imaging findings are atypical for lymphoma. The purpose of present study is to investigate MRI
characteristics and clinical features of LC and potentially facilitate an early and accurate diagnosis of this often-
missed disease.

Methods: Seven patients (average 44 years, 19–58 years) with LC proved basing on MRI and histology were
retrospectively reviewed the clinical data and cerebral MR imaging findings.

Results: The common presenting symptoms were cognitive decline, behavioral disturbance, gait disturbance. All
patients had both deep and lobar lesion distribution, and two of them had infratentorial involvement. Lack of
contrast enhancement and subtle patchy enhanced pattern were observed in two and three patients, respectively.
The remaining two patients presented multiple patchy enhancement. Most of the lesions were slightly hyperintense to
normal brain on DWI as well as hyperintense on ADC maps. Three patients presented a pattern of marked decrease of
NAA/Cr, increase of Cho/Cr, and two of the three cases showed increased Lip/Cr and Lac/Cr on MRS.

Conclusions: We conclude that diffuse bilateral lesions especially in deep and lobar region including white and gray
matter, without enhancement or with patchy enhancement, marked decrease of NAA/Cr and increase of Cho/Cr, and
increased Lip/Cr and Lac/Cr are suggestive of LC. Prompt recognition of these imaging patterns may lead to early
diagnosis of LC and brain biopsy with improved prognosis.

Keywords: Lymphomatosis cerebri, Primary central nervous system lymphoma, Magnetic resonance imaging, Diffusion
weighted imaging, Magnetic resonance spectroscopy

Background
Lymphomatosis cerebri (LC) is a rare variant of primary
central nervous system lymphoma (PCNSL), character-
ized by diffuse infiltration without the formation of a
discrete mass and with little contrast enhancement [1],
appearing similar to gliomatosis cerebri [2]. This uncom-
mon entity is a diagnostic challenge because the clinical
presentation is subacute and the imaging findings are

very different from other PCNSLs which typically pre-
sents as single or multiple T2-hyperintense, nodular
contrast-enhancing mass lesions on MRI [1]. Central
nervous system infections, inflammatory, toxic, and
metabolic disorders can also mimic the radiologic features
of LC [3, 4]. Therefore, early and accurate diagnosis of LC
could be crucial for its appropriate treatment choices [5].
Besides traditional MRI, diffusion weighted imaging
(DWI) and magnetic resonance spectroscopy (MRS) can
also be informative and useful for diagnosis of this rare
disease. Neuroimaging studies of LC are rare, and the
characteristics of MRI findings remain to be fully
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elucidated. This study was designed to retrospectively
analyze the MRI and clinical manifestations of 7 patients
with histopathologically confirmed LC. This summary of
the MRI features of LC may facilitate early diagnosis and
intervention of this often-missed disease.

Case presentation
Patients and methods
We retrospectively reviewed the clinical data and
cerebral MR imaging of 7 patients (from January 2012
to December 2016)who were diagnosed basing on the
following criteria: (i) presence of diffuse lesions in the
brain MRI without contrast enhancement or with
patchy contrast enhancement and (ii) histology reveal-
ing lymphoma. Patients with concurrent systemic
lymphoma and intravascular lymphoma were
excluded. All the patients underwent stereotactic
brain biopsy and were diagnosed with lymphoma by
two experienced neuropathologists (each with 7 and
15 years of experience, respectively) according to
hematoxylin-eosin (H&E) staining and immunohisto-
chemical examinations. All patients provided informed
consent for MRI examination and for the use of
personal data.
MRIs of three patients were performed on 3.0

Tesla Philips Achieva(Netherlands) scanner, three
other cases were imaged on a 1.5 Tesla Siemens
Magnetom Avanto(Germany), one patient was
imaged on 1.5 Tesla GE(America). All patients had
T2-weighted fluid attenuated inversion recovery(FLAIR),
T2- and T1-weighted images. Post-contrast T1-weighted
images were available for all patients after intravenous
administration of 0.1 mmol/kg gadopentetate dimeglu-
mine(Beilu Inc.). DWI was available in 5 patients,
while MRS was available in 3 patients. The DWI was
obtained using B-values of 0, 1000 s/mm2. The mean
ADC values in the lesions and in normal-appearing
white matter were measured by two experienced
neuroradiologists (each with 7 and 15 years of experi-
ence, respectively). MR spectroscopy was performed
with a intermediate echo time (135 ms or 40 ms) as
multi-voxel or single-voxel 2D exam encompassing
the lesion. For MRS, the major metabolites(Choline
(Cho), N-acetylaspartate (NAA) and Creatine (Cr))
were determined. Also, the presence of lipids(Lip) and
lactate(Lac) peaks was determined. For each
spectrum, the peak height of total creatine (Cr) was
used as the internal reference to quantify other
metabolites.
The two neuroradiologists, who were blinded to

patient data, reviewed and analyzed the cerebral MRI in
consensus. All scans were reviewed noting lesions loca-
tion in the brain, patterns of contrast enhancement, the
signal of DWI and corresponding ADC map, and MRS

metabolic patterns. The lesions distribution were classi-
fied into deep, lobar, and infratentorial categories(Type
I,II and III respectively). Deep regions included the basal
ganglia, thalamus, internal capsule, external capsule,
corpus callosum, and deep and periventricular white
matter (DPWM); lobar regions included cortical gray
matter and subcortical regions(including lateral white
matter adjacent to DPWM); infratentorial regions in-
cluded the brainstem and cerebellum. DPWM was de-
fined as white matter adjacent to or within
approximately 10 mm of the lateral ventricular margin.
Contrast enhancement was defined as patchy when a
minimally or moderately heterogeneous, not well-
defined area of contrast enhancement was present, re-
gardless of size. The criterion for diffusion restriction le-
sions was hyperintense areas on DWI with
corresponding hypointensity on the ADC map. Disagree-
ments were resolved by consensus.

Results
Our case series was composed of 3 men and 4 women,
ranging from 19 to 58 years of age (average year is 44
and medium year is 49). Presenting symptoms were
cognitive decline in 4, behavioral disturbance in 2, gait
disturbance in 2, coma in 1 and altered level of
consciousness in 1 patient. Five patients were diagnosed
with diffuse large B-cell lymphoma and two patients
had T-cell lymphoma. One patient was treated with
corticosteroids and died 1 month after the biopsy. After
courses of chemotherapy in remaining 6 patients, there
was some neurological and radiological improvement in
four cases, but one patient died 9 months after the bi-
opsy and another one patient appeared a mass lesion in
parietal lobe after six courses of chemotherapy.
Patient demographics, cerebral MRI findings and

pathological types are summarized in Table 1. Repre-
sentative FLAIR, pre-contrast T1WI and post-contrast
T1WI, available DWI and ADC maps, available MRS
are shown in Figs. 1, 2, 3, 4 and 5. All patients had
both deep and lobar lesion distribution, and two of
them had infratentorial involvement. Lack of contrast
enhancement and subtle patchy enhanced pattern
were observed in two and three patients, respectively.
The remaining two patients presented multiple patchy
enhancement. Most of the lesions were slightly hyper-
intense to normal brain on DWI as well as hyperin-
tense on ADC maps, which were consistent with the
increasing diffusivity. Two cases showed increased
peak of Lip and Lac on MRS. The pathology was
characterized by dispersed round neoplastic cells
spreading along the white matter tracts without caus-
ing tissue destruction or mass formation and was oc-
casionally clustered around blood vessels (Fig. 6 A).
Five cases were strongly labeled CD20, a B cell
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marker (Fig. 6 B) and two cases were positive for
CD3, consistent with T-cell lymphoma.

Discussion
About 90% of PCNSL’s are diffuse large B-cell lymph-
omas and only 5% constitute low-grade B-cell type
lymphoma, including mucosa-associated lymphoid tis-
sue type and T-cell type lymphoma [6]. LC is a rare
type of CNS lymphoma characterized by lymphoma
cells diffusely infiltrating the brain parenchyma
without forming a mass or distorting the cerebral
architecture [2]. MR imaging typically reveals diffuse
white matter disease variably involving bilateral
cerebral hemispheres, periventricular region, basal
ganglia, thalami, or the brainstem [1]. With the aim

of improving knowledge of this entity, we docu-
mented the clinical features and brain MR imaging
findings from 7 patients with LC and analyzed the
abnormal findings of multiparametric MRI focusing
on: 1) distribution of lesions on conventional MRI, 2)
patterns of contrast enhancement, 3) signal of DWI,
and 4) metabolite changes on MRS.

Clinical features
Patients with LC may have variable clinical symptoms
such as gait disturbance, focal weakness, decline of
cognitive function, memory disturbance, personality
changes, dementia, anorexia, orthostatic hypotension,
paraparesis and weight loss [3]. Of these, the most
common presenting symptoms are cognitive

Table 1 MRI features of the LC cases and histological diagnosis

Case Sex/
Age (years)

Types of lesions distribution Enhancement DWI 1H–MRS Pathological type

I II III

1 M/55 “+” “+” “+” Multiple patchy Slightly hyperintense B

2 F/49 “+” “+” Partial patchy NE B

3 F/45 “+” “+” Partial patchy Slightly hyperintense Cho/Cr ↑ NAA/Cr↓ Lac/Cr ↑ B

4 F/57 “+” “+” Partial patchy Slightly hyperintense B

5 M/27 “+” “+” Multiple patchy Slightly hyperintense Cho/Cr ↑ NAA/Cr↓ Lip/Cr ↑ T

6 M/19 “+” “+” “+” No Slightly hyperintense Cho/Cr ↑ NAA/Cr↓ T

7 F/58 “+” “+” No NE B

LC lymphomatosis cerebri, NE not evaluated, DWI diffusion-weighted imaging, MRS magnetic resonance spectroscopy, Cho choline, Lip Lipid, Lac lactate,
NAA N-acetylaspartate, Cr creatine, B diffuse large B-cell lymphoma, T, T-cell lymphoma

Fig. 1 Nineteen-year-old man with lymphomatosis cerebri. a, b and c, Axial T2-weighted-FLAIR with STIR show the lesions distribution of type I, II
and III respectively, which involved bilateral superior cerebellar peduncles, dentate nucleus of cerebellum, basal ganglia, internal capsule, thalamus
and right frontal lobes. d, e and f, DWI images show slight hyperintensity in the lesions, but corresponding ADC maps (not shown) indicate no
water of restriction
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decline(59.5%), gait disturbances(54.8%) and behavioral
changes(50%) [5]. Similar to most reported cases
presented with rapidly progressing dementia accompanied
by extensive leukoencephalopathy on MRI [2, 7, 8],
four of our cases were typical of previously described

LC cases. But the clinical presentation of these pa-
tients were easily mistaken for other, more common,
conditions such as infectious, inflammatory, vascular,
toxic, or neurodegenerative etiologies that can cause
white-matter injury. Our cases suggested that it is

Fig. 3 Twenty one-year-old man with lymphomatosis cerebri. a, b and c, Axial T1WI,T2-weighted FLAIR and T2WI show the distribution of
type I and II lesions, which involved bilateral frontal lobes, occipital lobes, basal ganglia and insula. d DWI shows slight hyperintensity in the
lesions, which were also slightly hyperintense on ADC map(not shown). e Post-contrast T1WI shows multiple patchy contrast enhancement in
the lesions. f, Delayed scanning of post-contrast T1WI shows extended enhancement range of the lesions

Fig. 2 Forty five-year-old woman with lymphomatosis cerebri. a, b and c, Axial T1WI, T2WI and T2-weighted-FLAIR show the distribution of type I
and II lesions, which involved bilateral frontal lobes and basal ganglia, left thalamus, and genu of corpus callosum. d and e, DWI shows slight
hyperintensityand corresponding low ADC in portions of the genu of corpus callosum and left frontal lobe. f, Post-contrast T1WI shows subtle
patchy contrast enhancement in the left frontal lobe
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important for clinicians to be aware of this LC form
of PCNSL and LC should be added to the differential
diagnosis of cognitive decline.

Distribution of lesions
It is noteworthy that all the patients had bilateral hemi-
spheric lesions on MRI. Conventional MRI without con-
trast enhancement showed extensive, diffuse hyperintense
lesions involving bilateral cerebral hemispheres on both
T2-weighted FLAIR sequences. Case 1 and 6 of our series
had concurrent infratentorial and supratentorial infiltra-
tion. The remaining patients presented with isolated
supratentorial infiltration. The most common regions in-
volved were the white matter of both hemispheres, in the
frontal and deep periventricular regions including corpus
callosum, and the lesions extended into the gray matter
such as basal ganglia,thalamus and cortex. We classified
these lesions by distribution into deep, lobar, and infraten-
torial categories as TypeI,II and III, respectively. The two
most common lesion distribution in LC included those in
the deep and lobar categories regardless if the lesions in-
volved gray or white matter. The lesions of deep brain re-
gions type were always bilateral and incompletely
symmetrical distribution in LC, but the lesions of lobar
type were always unilateral. Lymphomatous cells have a
tendency to traffic in rows between white matter fibers ra-
ther than expanding diffusely [9]. The diffuse findings can
be explained by the theory that lymphoma has to be

considered as a whole brain disease even when it presents
with a cohesive mass [10].
Given the multifocal distribution of the lesions in

white matter, the main differential considerations
were Binswanger’s disease(subcortical ischemic vascu-
lar dementia), infectious leukoencephalitis, toxic en-
cephalopathy, or neoplasms such as gliomatosis
cerebri [2, 11–13]. However, diffuse involvement of
both hemispheres and incompletely symmetrical dis-
tribution, including involved white matter and deep
gray matter simultaneously, distinguish LC from other
entities considered in the differential diagnosis.

Patterns of contrast enhancement
Most patients of our series showed patchy contrast en-
hancement. Bakshi et al. [2] defined cases of LC as dif-
fuse white matter infiltration without the formation of
discrete mass lesions and with little contrast enhance-
ment. Rollinset al. [12]reviewed the pathological findings
of LC. In LC, there is a diffuse pattern of brain infiltra-
tion coupled with the associated perivascular cuffing by
both lymphoma cells and non-neoplastic lymphocytes
that can mimic an encephalitic pattern [2]. The common
reason for a lack of contrast enhancement on MRI is as-
sumed to be an intact blood-brain barrier (BBB), or that
significant BBB disruption by lymphoma cells is not yet
produced [14]. However, subtle or patchy contrast en-
hancement has been described in some cases [6, 7]. In

Fig. 4 The same case shown in Fig.2. Multiple-voxel spectra are acquired with a point-resolved spectroscopy (PRESS) sequence, TR 1500 ms, TE
135 ms, NSA 128. MRS shows elevation of Cho/Cr and marked reduction of NAA/Cr in the lesion. In addition, there is an inverted Lac peak
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Fig. 6 a Brain biopsy specimen from the case 1 shows dispersed round neoplastic cells spreading along the white matter tracts without causing
tissue destruction or mass formation and are occasionally clustered around blood vessels (H&E × 400). b Immunohistochemistry shows that the
atypical cells were positive for CD20, a marker for b cells

Fig. 5 The same case shown in Fig.3. Single-voxel spectra are acquired with a point-resolved spectroscopy (PRESS) sequence, TR 2000 ms, TE
40 ms, NSA 128. MRS shows elevation of Cho/Cr and marked reduction of NAA/Cr in the lesion. In addition, there is a large Lip peak
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these cases, biopsy revealed tumor cells that induced
subtle contrast enhancement distributed throughout the
white matter; the atypical cells were neither cohesive nor
did they form a mass [3]. Subtle patchy contrast en-
hancement was found in 3 of our 7 patients and 2
patients showed multiple patchy. Our Case 5 showed
more substantial contrast enhancement in both cerebral
hemispheres, which was misdiagnosed with encephalitis
based on the initial MRI and improved after steroid
treatment. Histopathological analysis of this patient re-
vealed severe tumor cell infiltration with small round
lymphatic cells cuffing and destroying microvasculature,
which is consistent with the imaging finding of multi-
focal patchy contrast enhancement due to BBB disrup-
tion. Delayed scanning post-contrast T1WI was 20 min
after the initial scan and showed marked contrast
enhancement (Figure 3). Other reports [4, 15] have
reported that contrast enhancement patterns can change
in LC patients on follow-up MRI. A systematic review
LC patients found that 26.6% of those without contrast
enhancement on the initial MRI and 16.6% of those who
showed patchy contrast enhancement eventually devel-
oped nodular contrast enhancing lesions at follow-up
imaging [5]. The transformation from a non-enhancing
to enhancing lesion reflects the eventual disruption of
the BBB [16]; this is likely a late event that is due to
factors at the cellular level [17]. Although the reason for
this transformation remains unclear, we speculate that
LC without contrast enhancement might be an early-
stage appearance of this specific type of PCNSL with dif-
fuse infiltrating neoplastic cells.

Diffusion weighted imaging
DWI reflects the motion of intra- and extra-cellular
water. It is helpful in distinguishing between PCNSL and
other tumors and tumor-mimicking lesions [18]. Highly
cellular tumors, like central nervous system(CNS)
lymphoma, generally present as single or multiple
contrast-enhancing mass lesions on MRI scans, with
hyperintensity on DWI and hypointensity on ADC maps
[19]. Decreased ADC value suggests increased cellularity
[20].We observed subjective diffusion restriction in por-
tions of the lesions in two cases, suggesting high cellu-
larity in these portions of the lesions. But most of the
lesions were slightly hyperintense to normal brain on
DWI and hyperintense on ADC maps, consistent with
increased diffusivity. The hyperintensity on DWI and
hyperintensity on ADC map may have reflect diffuse
cerebral infiltration of non-cohesive malignant lymphoid
cells and T2 shine-through effect. Histopathological ana-
lysis revealed blastic lymphocytic cells with large pleo-
morphic nuclei and distinct nucleoli diffusely infiltrating
the parenchyma. These lymphocytes showed the typical
angiocentric infiltration pattern, and tumor cells invaded

the neural parenchyma with a diffuse growth pattern
from these perivascular cuffs. Although DWI was not
suggestive of LC in our cases, the variation of DWI sig-
nal intensity may be a reflection of the variation of
tumor cellular density. However, the slight DWI
hyperintensity is difficult to differentiate from gliomato-
sis cerebri, infectious leukoencephalitis, and toxic
encephalopathy.

MR spectroscopy(MRS)
MRS allows for the semiquantitative in-vivo evaluation
of metabolites, such as NAA, Cho, Cr, Lac, and Lip. In
PCNSL,MRS has demonstrated elevated Lip and Lac
peaks, high Cho/Cr ratios, decreased NAA levels and
high Cho/NAA ratios [21, 22]. PCNSL grows rapidly
and behaves similar to other high-grade brain tumors
with evidence of high cell membrane turnover on
MRS(high Cho peak), neuronal damage (decreased
NAA levels), and anaerobiosis (high lactate levels)
[18, 19, 22].These findings are similar to those for
high-grade gliomas and metastases; however, MRS is
useful to suggest PCNSL because lipids were found to
be useful to discriminate between PCNSL and glio-
blastoma/metastasis at short TE [23].In our three LC
patients, MRS (at TE 135 ms or 40 ms) consistently
presented a pattern of marked decrease of NAA/Cr,
increase of Cho/Cr, which is suggestive of malignant
neoplastic disease. Two patients showed increased
Lip/Cr and Lac/Cr. The presence of this MRS pattern
may help in the differential diagnosis of brain non-
neoplastic diseases [20]. We determined that MRS is
potentially useful to reinforce the suspicion of LC
when bilateral hemispheric lesions were found on an
MRI exam. Although LC is a relatively rare type of
PCNSL, establishing suspicion of LC by imaging
could be a pivotal step in determining management
strategies for patients, as it would result in a
consideration of biopsy before initiation of treatment
with steroids [23].

Limitations
There are several limitations in this study. First, LC is
rare and the cases came from multiple institutions. As a
result, we had a small sample size and heterogeneity of
the dataset where DWI and MRS were not available in
all cases; variable imaging sequences were performed in
each case. Other advanced imaging techniques were also
not available for these challenging cases, including MR
perfusion and diffusion tensor imaging (DTI). Perfusion
MRI can improve the diagnostic accuracy of PCNSL,
particularly when the brain parenchyma is affected [24].
DTI takes advantage of highly ordered white matter
fibers, and the FA values for PCNSL can help in the dif-
ferentiation of glioblastoma [25].
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Conclusion
In conclusion, it is important for clinicians and radiolo-
gists to be aware of the LC form of PCNSL. Diffuse
bilateral lesions especially in deep and lobar region
including white and gray matter, without enhancement
or with patchy enhancement, marked decrease of NAA/
Cr and increase of Cho/Cr, and increased Lip/Cr and
Lac/Cr are suggestive of LC. Prompt recognition of these
imaging patterns may lead to early diagnosis of LC and
brain biopsy with improved prognosis.
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