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Primary Intracranial CNS
Lymphoma: MR Manifestations

We reviewed MR scans of 10 patients with biopsy-proved primary CNS lymphoma.
Twenty-five lesions were identified in 10 patients (four with AIDS and six without AIDS).
In general, the typical lesion of CNS lymphoma was found to have the following MR
characteristics: they were slightly hypointense on T1-weighted images and slightly
hyperintense on proton density and T2-weighted images relative to gray matter; they
induced mild edema and mild to moderate mass effect. In AIDS patients, 82% of the
lesions were smaller than 2 cm in diameter, and were frequently located in the temporal
lobes and basal ganglia; they were often multiple. In non-AIDS patients, 75% of the
lesions were larger than 2 cm in diameter and were primarily found in the deep parietal
lobe; most were solitary.

Primary CNS lymphoma is a relatively rare occurrence and, despite the recent
increase in AIDS patients, it represents less than 1.5% of all CNS neoplasms [1-
3]. Hodgkin disease rarely involves the brain; parenchymal intracranial lymphomas
are almost exclusively non-Hodgkin lymphoma [1, 3]. The CT appearance of CNS
parenchymal lymphoma has been well described [1, 3-8]. In general, CNS lesions
are isodense or hyperdense on noncontrast CT relative to gray matter, and they
enhance homogeneously after IV injection of contrast medium.

MR imaging is an effective method for demonstrating a variety of intracranial
abnormalities and provides superior contrast resolution to CT. The literature
includes only a few references to intracranial lymphoma visualized with MR [9-
12]. The described signal intensities of these lesions range from hypo- to isointense
relative to gray matter on T1-weighted images and intensity is even more variable
on T2-weighted images. This article describes more fully the spectrum of MR
findings in primary CNS lymphoma.

Subjects and Methods

We evaluated 10 patients with biopsy-proved primary CNS lymphoma (Table 1). The age
range was 24-69 years old (mean, 49); there were two women and eight men. None of the
patients had undergone either radio- or chemotherapy at the time of MR study. Of the 10
patients, four had follow-up studies after therapy was initiated (one of the four patients was
studied five times). For these four patients, treatment after the initial study involved three
courses of chemotherapy (methotrexate) and external-beam, whole-brain irradiation (4500-
6000 rads).

Four patients presented with AIDS; the remaining six patients had no preexisting immu-
nocompromising disease. In all patients, the CSF titers and stereotactic brain biopsy were
negative for infectious diseases. Although the negative CSF and brain biopsy do not entirely
exclude the coexistence of lymphoma with an opportunistic fungal, viral, or protozoan
infection, there was no clinical or laboratory evidence to suggest dual pathologies. In patients
with one lesion, the shortest and safest pathway for stereotactic biopsy was chosen. In the
four patients with multiple lesions, only the lesion most easily reached was biopsied. Biopsy
sites included the parietal, temporal, frontal, or occipital lobe; basal ganglia; thalamus;
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TABLE 1: Patient History and Biopsy Location
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Lesions

Case Presenting Lesion
No. Age:  Gender Symptoms RIBS No. Location Biopsied
1 29 M Dysmetria, lower  Yes 1 Frontal Frontal
extremity
weakness
1 month later 1 Frontal (decreased
size)
2 48 M Hemiparesis No 2  Parietal Parietal
4 months later 3  Parietal/occipital
(increased size)
3 74 M Fluent aphasia No 1 Temporal Temporal
4 24 F Visual loss No 1 Thalamus Thalamus
5 60 M Disoriented, No 1  Basal ganglia Basal ganglia
decreased
equilibrium
6 51 M Cranial nerve Yes 2  Cerebellum/brain-  Cerebellum
(V=X) palsies, stem
cerebellar
ataxia
3 months later 2  Cerebellum/brain-
stem (increased
size)
Y 58 F Hemiparesis No 1  Parietal Parietal
8 69 M C3-sensory No 1  Parietal Parietal
deficit
9 24 Nerve palsies Yes 1 Brainstem Brainstem
10 days later 1 Brainstem
1 month later 1 Brainstem
(decreased size)
2 months later 0
3 months later 0 0
10 44 M Hemiparesis/ Yes 13  Temporal/frontal/ Temporal
seizures/ thalamus/basal
headaches ganglia/cerebel-
lum

brainstem; or cerebellum. One biopsy site was chosen for each
patient.

MR was performed with a 1.5-T superconducting magnet.* In all
cases, spin-echo pulse sequences were used: T2-weighted images
were obtained with 2000-3000/70-80/1-2 (TR/TE/excitations) and
proton density weighted images were obtained with 2000-3000/20-
30/1-2. Axial images were obtained from the foramen magnum to
the vertex. Supplemental sagittal views were used for midline lesions.
A slice thickness of 5 mm, with a 2.5-mm interval between successive
slices, was used in all patients. Axial T1-weighted images (600-800/
20) were then obtained in all patients. The slice thickness was 5 mm
with a 2.5-mm interval between successive slices in the majority of
patients. A 256 X 256 matrix and 20-cm field of view corresponding
to a 0.75 x 0.75-mm pixel size was used in all examinations.

The location, size, and number of lesions were noted. The signal
intensity of each lesion was described as hyperintense, isointense,
or hypointense relative to gray matter. We also performed a compar-
ative analysis to judge the ability of each of the three different
sequences (T2-weighted, proton density, and T1-weighted) to detect
the lesion, to characterize it, and to define its relationship to other
brain structures. Mass effect was graded on all sequences as mild,
moderate, or marked. We classified edema in this manner as well:
mild edema = less than a 1-cm rim, moderate edema = a 1-2-cm
rim, and marked edema = greater than a 2-cm rim. The internal

* General Electric, Milwaukee, WI.

texture of each lesion was labeled as homogeneous or heteroge-
neous.

Results

A summary of the MR observations is given in Table 2.
Twenty-five lesions were identified in 10 patients (six without
AIDS and four with AIDS). Seven patients had only one lesion.
One patient had two lesions, one had three, and one had 13
lesions. The majority of the lesions (19, or 76%) were peri-
ventricular or in the basal ganglia. Two lesions (8%) were
located in the brainstem, and two were in the cerebellum.
One (4%) of the remaining lesions was in the cortex, and the
other was located at the corticomedullary junction. The tem-
poral lobes and basal ganglia were the most common sites in
the AIDS patients, and the parietal lobe was the most common
location in the non-AIDS patients. In AIDS patients, the
masses were smaller than 2 cm in 82%, while in non-AIDS
patients lesion size was greater than 2 cm in 75% (Figs. 1
and 2).

On T2- and proton density weighted images, four of the
tumors were hyperintense, 17 were slightly hyperintense, and
four were isointense. On T1-weighted images, two lesions
were hypointense, 21 were slightly hypointense, and two
were isointense. Nine (36%) lesions were homogeneous and
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TABLE 2: MR Characteristics of Primary CNS Lymphoma

Patients Patients
Without AIDS  with AIDS
(n=86) (n=4)
Number of lesions 8 17
Multiplicity 1 3
Location
Frontal lobe 2
Parietal lobe 4
Temporal lobe 1 3
Occipital lobe 1
Basal ganglia 1 6
Insula 1
Thalamus 1 1
Brainstem 2
Cerebellum 2
Size (cm)
<2 2 14
2-5 5 3
>5 1
Signal intensity
T2-weighted and proton density
Hyperintense 2 2
Slightly hyperintense 4 12
Isointense 2 3
T1-weighted
Hypointense 1 i
Slightly hypointense 6 15
Isointense 1 1
Homogeneous
Yes 3 6
No 5 11
Edema
Mild (<1 cm) 5 14
Moderate (1-2 cm) 2 3
Marked (>2 cm) 1
Mass effect
Mild 3
Moderate 6 13
Marked 2 2

16 (64%) were heterogeneous, suggesting areas of necrosis.
The isointense masses were detected by the surrounding
edema, which appeared as regions of prolonged T2 relaxation
time. Marked edema surrounded one of the tumors, moderate
edema surrounded five, and 19 had a small rim of edema. In
six of these last 19 lesions, it was difficult to distinguish tumor
from edema owing to their similar signal intensity. Four lesions
caused noticeable mass effect, 18 had minor mass effect,
and three had no mass effect. Sixteen of the 25 lesions (64%)
showed heterogeneous texture on MR that we interpreted as
regions of central necrosis.

Three of the four patients reexamined after treatment had
AIDS. Two patients with one lesion each on initial MR study
demonstrated a decrease in tumor size on the follow-up
studies at 1 month (one patient’s lesion disappeared entirely
after two months). The other AIDS patient with multiple
lesions on initial MR study showed an increase in tumor size,
but follow-up study was delayed until 3 months after therapy.
The one non-AIDS patient reevaluated 4 months after treat-
ment had an increase in tumor size and an additional lesion.

In all 10 patients the tissue diagnosis was diffuse large-cell
lymphoma, a type of non-Hodgkin lymphoma. None of the
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lesions examined had an associated infectious process his-
tologically.

Discussion

Primary CNS lymphoma is a relatively rare disorder. Con-
troversy has surrounded the origin of primary brain lymphoma,
which has also been described as reticulum cell sarcoma,
microglioma, periepithelial sarcoma, adventitial sarcoma, plas-
macytic myeloma, round cell sarcoma, and reticulohistiocytic
granulomatous encephalitis [13-16]. Despite this confusion
of terminology, primary CNS lymphoma is now thought to be
the counterpart of malignant lymphoma at other sites. There
is evidence of increasing incidence in recent years, particularly
among immunocompromised patients such as allograft recip-
ients and AIDS patients [5].

In our series the typical MR appearance of primary CNS
lymphoma was slightly hypointense on T1-weighted images
and slightly hyperintense on proton density and T2-weighted
images relative to gray matter. In general, lesions were sharply
demarcated, round, oval, or, rarely, gyrallke masses sur-
rounded by a small rim of edema. For the size of the mass
we saw characteristically little mass effect on the adjacent
structures. Lesions had homogeneous or heterogeneous sig-
nal characteristics. Tumor-edema differentiation was more
difficult in heterogeneous lesions. Sometimes, T1-weighted
sequences were helpful in making this distinction.

In our series, primary CNS lymphoma lesions were multiple
or solitary, and were found predominantly in the basal ganglia,
periventricular region, and thalamus. Cerebellar and brainstem
involvement can also occur (Fig. 3). Differences between AIDS
and non-AIDS patients were noted in location and size of
lesions: in non-AIDS patients, predominantly large, solitary
lesions (75% were greater than 2 cm in diameter) were found,
mostly located in the deep white matter of the parietal lobes;
in AIDS patients, multiple small lesions (82% were less than
2 cm in diameter) were found, most often in the basal ganglia
and temporal lobes. No differences between these groups
were seen in the amount of mass effect, edema, and tumor-
edema separation.

Although CNS lymphoma has a typical MR appearance,
difficulties may arise in differential diagnosis, especially if the
lesion is more than slightly hyperintense on T2-weighted
images and/or it appears in a cortical or subcortical location.
The differential diagnosis of primary CNS lymphoma includes
metastasis, infection, primary glial tumor, and, less frequently,
meningioma. In differentiating lymphoma from these other
possibilities, T2-weighted sequences seem to be most valu-
able. In our experience, metastatic lesions are more likely to
be surrounded by extensive edema and mass effect, whereas
lymphoma usually presents with mild edema and mild to
moderate mass effect. It is, however, very difficult to differ-
entiate infectious and inflammatory processes from CNS lym-
phoma, since both may have central necrosis manifest by
heterogeneous texture in the lesion [17]. Moreover, oppor-
tunistic infections in immunocompromised patients will pre-
sent with less edema due to a diminished inflammatory re-
sponse [18]. Thus, differentiation between lymphoma and an
infectious process becomes more difficult, and biopsy may
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Fig. 1.—A-C, Case 5. 60-year-old man with lymphoma in right deep white matter and basal ganglia. Proton density and T2-weighted images, 3000/30,
80 (A and B), 600/20 (C), show a large, slightly hyperintense lesion relative to gray matter with mild edema and mild mass effect for the lesion size. On
the T1-weighted image, tumor and edema are slightly hypointense relative to gray matter.

A

Fig. 2.—A and B, Case 10. 44-year-old man
with AIDS presenting with multiple lesions. Pro-
ton density and T2-weighted images (3000/30,
80) show small, slightly hyperintense lesions rel-
ative to gray matter with mild edema and mass
effect.

A C

Fig. 3.—A-C, Case 6. 51-year-old man with AIDS presenting with a brainstem lesion. Proton density and T2-weighted images 3000/30, 80 (A and B),
600/20 (C), show a small, slightly hyperintense lesion relative to gray matter in left pons with moderate edema and mild mass effect. On the T1-weighted
image, tumor appears hypointense relative to gray matter.
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be required in such instances. Primary glial tumors generally
show more mass effect than lymphoma [10, 12]. Lymphoma,
when situated near the surface of the brain, may be difficult
to distinguish from meningioma because of their similar MR
appearance [10, 12]. However, we encountered no difficulty
in differentiating lymphoma from meningioma in our cases,
since none of the tumors appeared in a location consistent
with meningioma.

In the four patients reexamined after therapy, both patients
with multiple lesions on the initial MR study showed an
increase in tumor size. These studies were performed 3 and
4 months after therapy and the findings may reflect regrowth
of tumor after an initial response. However, both patients who
presented with a single lesion showed a decrease in tumor
size 1 month after the initial study. In the patients showing a
decrease in tumor size, MR was well able to follow the
diminishing size of the tumor and edema. The signal intensity
of the lesions did not change after radiotherapy. No significant
difference in the response of therapy between AIDS and non-
AIDS patients was noted, although the number of patients
studied was small.

Other neuroradiologic diagnostic procedures have been
used for the detection of intracranial lymphoma, including
angiography, radionuclide scanning, plain films, and CT. The
advantages of MR are its noninvasive nature, high contrast
resolution, and multiplanar imaging capability. The latter pro-
vides better topographical information and more precise lo-
calization for biopsy.

In conclusion, our data indicate that the typical lesion of
CNS lymphoma has the following MR characteristics: intra-
cranial lesion, iso- or slightly hyperintense relative to gray
matter on proton density or T2-weighted images, minimal
mass effect, and mild (less than 1 cm) edema. Nevertheless,
in many cases, biopsy for histologic examination may be
required for correct diagnosis and appropriate treatment. In
patients with multiple lesions, coexistence of infection still
cannot be excluded with a single biopsy.
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