MR of Primary CNS Lymphoma in Immunologically Normal Patients
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Purpose: To describe the MR findings of primary CNS lymphoma. Methods: MR scans of 20
patients with histologically proved primary CNS lymphoma were reviewed. We evaluated the size,
multiplicity, signal intensities, and enhancement characteristics of the lesions. We divided the
lesions into an enhancing area referred to as Zone 1 and abnormal signal surrounding this, referred
to as Zone 2. Results: Primary CNS lymphoma presented as solitary enhancing lesions in 40% of
the patients and multiple lesions in 40%. Thirty-three separate lesions were visible: 58% abutted
the ventricular system, 76% showed a homogenous enhancement pattern, and 79% showed
marked enhancement. In 64% of the lesions, Zone 1 and Zone 2 showed different signal intensities
on T1-weighted images. Conclusions: Primary CNS lymphoma usually presents as solitary or
multiple dense homogenous enhancing lesions that abut an ependymal surface. These lesions can
be divided into an enhancing area and an area of surrounding abnormal signal. These two areas
often have different signal intensities on unenhanced T2-weighted images. These findings are
sufficiently suggestive of the diagnosis of primary CNS lymphoma that a needle biopsy be
performed based on these findings and appropriate therapy can then be instituted.
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Primary central nervous system (CNS) lym-
phoma represents about 1% of all intracranial
neoplasms and about 1% of all lymphomas (1).
It is one of the CNS manifestations of AIDS (2).
Although this is an uncommmon neoplasm, a three-
fold increase in non-AIDS-related CNS lymphoma
has been noted in recent years (3). This tumor is
histologically similar to lymphomas outside the
CNS (4, 5).
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The computed tomography (CT) findings of
primary CNS lymphoma have been described
previously as an isodense to hyperdense lesion
before iodinated contrast administration and
shows postcontrast enhancement with a variable
amount of abnormal density surrounding the en-
hancing lesion (6, 7). Magnetic resonance (MR)
imaging shows a lesion that is isointense or
slightly hyperintense to gray matter on T2-
weighted images (T2-WI) with minimal mass ef-
fect (8). Prior communications have included the
imaging findings in both immunocompromised
and nonimmunocompromised patients. This
communication discusses the MR characteristics
of primary CNS lymphoma in immunologically
normal patients.

Patients and Methods

Patients are referred to our institution for treatment of
primary CNS lymphoma using osmotic blood-brain barrier
disruption with intraarterial chemotherapy, as has been
previously described (9). Consecutive patients with patho-
logically proved primary CNS lymphoma, who had an MR
scan before any radiation therapy or chemotherapy, are
reported in this study. Patients underwent bone marrow
aspiration and abdominal CT scan to exclude systemic
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lymphoma. Patients who had prior organ transplants, were
immunosuppressed, or had lymphoma outside the CNS
were excluded from this study. All pathology specimens
were reviewed and classified according to the working
formulation before inclusion in the study (10).

All patients received a contrast-enhanced CT Scan on a
9800 CT (General Electric, Milwaukee, WI) prior to treat-
ment. We gave a bolus of either a mixture of diatrizoate
meglumine and diatrizoate sodium (Renofgrafin 60, Squibb
Diagnostics, New Brunswick, NJ) or iopamidol (Isovue 300,
Squibb Diagnostics) and scanned 30 minutes after contrast
infusion. MR scans were obtained on a 1.5 T Signa Unit
(General Electric). Sagittal T1-weighted images (T1-WI)
with 5-mm slice thickness and pulse sequence of 600/20/
2 (TR/TE/excitations), and coronal and axial 5 mm thick
with parameters 2800/30 for a proton density-weighted
image and 2800/80 for a T2-WI were typically obtained.
When gadopentetate dimeglumine (Magnevist, Berlex Im-
aging, Wayne, NJ) became available, our protocol was
changed and we acquired sagittal T1-WI with parameters
of 600/20 and then obtained axial 5-mm slice thickness
proton density-weighted images with parameters of 2800/
30 and T2-WI axial 5-mm slice thickness images with
parameters of 2800/80. We then gave 0.1 mmol/kg of
gadopentetate dimeglumine intravenously and immediately
obtained coronal and axial images of 5-mm thickness with
a 600/20 sequence. The images were evaluated for the
location and multiplicity of lesions. The lesions were divided
into two components. We referred to the enhancing area
on CT or MR scanning as Zone 1, and the abnormal high
signal on T2-WI surrounding the enhancing area as Zone
2. This is similar to a classification system previously used
in evaluating astrocytomas (11). This method of describing
lesions enables us to avoid the misleading terms “tumor”
and “edema” since scans do not show the extent of tumor
as would be inferred by when using these terms. The signal
intensities of Zone 1 were evaluated as being hypointense,
isointense, or hyperintense to normal gray matter prior to
gadopentetate dimeglumine administration on T1-and T2-
WI. A radial measurement was obtained for each lesion
from the center Zone 1 area to the boundary between Zone
1 and Zone 2 and this was the radial measurement for
Zone 1. The second radial measurement was from the
boundary between Zone 1 and Zone 2 to the boundary
between Zone 2 and brain which had normal signal intensity
on T2-WI. This was the radial measurement for Zone 2.
The total radial measurement for the lesion would be the
sum of these two measurements. Mass effect was subjec-
tively graded as none, mild, moderate, or marked by
observing displacement of normal structures.

Patient Characteristics

In our series (n = 20) the median age was 60 (range 27
to 70 years). Fifteen patients (75%) were men and five
(25%) were women. The diagnoses were obtained by bi-
opsy in 17 patients (85%), vitrectomy in two patients (10%)
and lumbar puncture in one patient (5%). Most patients
(60%) had diffuse large-cell lymphoma, seven (35%) had
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the immunoblastic subtype, and one had diffuse small-cell
subtype. Their presenting symptoms were varied and in-
cluded confusion, headaches, seizures, floaters, and other
focal neurologic deficits. The clinical data are summarized
in Table 1.

Results

Primary CNS lymphoma presented as solitary
enhancing lesions in 12 patients and multiple
lesions in eight. Imaging studies showed 33 sep-
arate lesions in these 20 patients. Nineteen of the
33 (58%) lesions abutted the ventricular system
with three patients showing a diffuse periventric-
ular pattern (Fig. 1). With the exception of five,
all lesions in this series were supratentorial. All
33 lesions enhanced with 25 of 33 (76 %) showing
homogenous enhancement and 26 of 33 (79%)
showing marked enhancement. The enhancing
portion of the lesions (Zone 1), measured from
0.5 to 3 cm in radial dimension. The areas of
enhancement were isointense or hypointense
with gray matter on T2-WI in 21 of 33 (64%)
masses and hypointense or isointense to gray
matter on T1-WI in all cases. In 21 of 33 (64%)
lesions, Zone 1 and Zone 2 showed different signal
intensities on the T2-WI. The axis of Zone 2
varied from O to 5 cm. Most lesions showed little
mass effect. Figure 2 shows typical findings of
primary CNS lymphoma on noncontrast MR.

TABLE 1: Summary of clinical patient data

Type of

Patient Sex Age  Presenting Symptoms Sumeoy Histology
1 M 67 Confusion N DL
2 F 65 Headaches (o DL, IBS
3 M 40 Seizures C DL, IBS
4 F 58 Headache C DL
5 F 64 Transient right hemiparesis CSF cytology DL
6 M 60 Seizures N DL, IBS
w4 M 29 Confusion € DL, IBS
8 M 66 Right hemiparesis N DL, IBS
9 F 56 Diplopia N DL
10 M 50 Left-sided neglect C DL
11 M 60 Floaters \ DL
12 M 68 RUE hemiparesis C DL
13 M 60 Seizures Cc DL
14 M 47 Headache C DL
15 M 66 Headache G DS
16 M 65 Confusion N DL
17 M- 62 Left facial weakness N DL, IBS
18 M 67 Disorientation (& DL
19 F 70 Dementia \" DL
20 M 33 Right hemiparesis N DL

Note.—N, needle biopsy; C, craniotomy; V, vitrectomy; DL, diffuse
large cell lymphoma; IBS, immunoblastic subtype; CSF, cerebrospinal
fluid; RUE, right upper extremity; DS, diffuse small cell lymphoma.
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(arrowhead).

D

Thirteen patients received gadopentetate di-
meglumine. The degree of enhancement was the
same with gadopentetate dimeglumine as with
iodine-based contrast media in 12 of 13 (92%)
patients and 21 of 24 (88%) lesions. A right
frontal lesion was visible on the gadolinium-en-
hanced MR scan and not noted on the CT or
noncontrast MR scans. Figure 3 shows typical
findings of primary CNS lymphoma on gadopen-
tetate dimeglumine-enhanced MR scans. The re-
sults of the CT and MR scans are summarized in
Table 2.

Discussion

In this series, primary CNS lymphoma showed
deep, predominantly supratentorial lesions that

Fig. 1. A, A T1-weighted (600/20) MR in patient 8 showing an area of hypointensity
superior to the bodies of the lateral ventricles (arrowheads).

B, A T2-weighted (2800/80) MR image in the same patient showing some hyperin-
tensity in the same region. The enhancing rim is isointense to the gray matter

C, A T1-weighted (600/20) gadopentetate dimeglumine-enhanced MR image show-
ing ring enhancement in the same area.

D, A contrast-enhanced CT scan shows ring enhancement similar to that seen on
the enhanced MR image.

abutted an ependymal surface as shown in prior
studies (12, 13). Most lesions showed dense ho-
mogenous enhancement on CT and MR, agreeing
with prior studies (14-17). The degree and pattern
of postcontrast enhancement on CT scanning
corresponded to that seen on MR scanning in
most instances. In one patient, postenhancement
MR showed a lesion not noted on CT scanning or
nonenhanced MR images. Forty percent of our
patients had multiple lesions. In other series, in
primary CNS lymphoma, multiplicity rates varied
from 11% to 53% (14-16, 18-20). In our series,
in most of the lesions, the enhancing area (Zone
1) had different signal characteristics than the
surrounding abnormal signal area (Zone 2). Re-
cently, this finding was reported in a review article
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Fig. 2. A, A T1-weighted (600/20) coronal MR image in patient 2 shows a large hypointense area in the left temporal lobe with

significant mass effect.

B, Axial T2-weighted (2000/80) image in the same patient shows a Zone 1 area isointense to gray matter with surrounding

hyperintensity (white arrowhead).

C, A contrast-enhanced CT in the same patient. A dense homogeneously enhancing left temporal mass with surrounding hypointensity
(black arrowhead). This area of enhancement corresponded to the isointense area of the T2-weighted MR image.

on primary CNS lymphoma (21), and our series
agrees with this observation. We found the size
of the Zone 2 area to be variable as has been
previously shown (8, 14, 19).

Primary CNS lymphoma is a common CNS
manifestation of HIV infection (22-24) and com-
monly presents as ring-enhancing lesions in im-
munocompromised patients. Ring enhancement
is rare in immunologically competent patients
(16). In our study, ring enhancement was an
uncommon manifestation of primary CNS lym-
phoma. One prior study suggested that primary
CNS lymphoma associated with AIDS showed
multiple lesions, whereas primary CNS lym-
phoma not associated with AIDS was solitary
(25). We show a multiplicity rate of 40% in non-
AIDS patients, indicating multiple lesions may be
associated with primary CNS lymphoma in im-
munologically normal and immunocompromised
patients.

From a diagnostic viewpoint, the problem is
that the MR findings of primary CNS lymphoma
overlap with those of other intracranial mass
lesions. Metastases, like primary CNS lymphoma,
appear as solitary or multiple enhancing lesions
(26-29). High-grade astrocytomas exhibit marked
“ring” contrast enhancement, a large peripheral
infiltration margin, and a large amount of mass
effect (30-32). Imaging findings in secondary
CNS lymphoma can be identical to those in
primary CNS lymphoma (7, 20, 21). Abscesses
usually present as ring-enhancing lesions, which

is an uncommon finding in non-AIDS primary
CNS lymphoma (33, 34), but is common in AIDS
patients as noted above. Meningiomas are ex-
traaxial-enhancing lesions that could rarely be
mistaken for primary CNS lymphoma (35). Since
the imaging findings of primary CNS lymphoma
may overlap with metastatic lesions, high-grade
astrocytomas, secondary CNS lymphoma, ab-
scesses, and meningiomas, we can only make a
suggestive diagnosis of primary CNS lymphoma,
and pathologic confirmation is needed. A recent
study of AIDS-related primary CNS lymphoma
also showed that it was not possible to make a
definitive diagnosis based on imaging studies (36).

In our CNS lymphoma patients, we avoided
the term “tumor” to describe the enhancing area,
Zone 1, and the term “edema” to describe the
surrounding abnormal signal in Zone 2. These
terms are misleading since they imply that all
tumors enhance and the surrounding area is in-
creased free water without tumor cells. In patients
with high grade astrocytomas studied with image-
guided stereotactic biopsies, tumor extends be-
yond the enhancing margin and even extends
outside the area of abnormal signal intensity on
T2-weighted MR imaging (11, 37). Studies com-
paring imaging data to postmortem brain exam-
ination have found that imaging studies do not
accurately delineate the extent of tumor (38, 39).
One study compared the recent antemortem CT
scans of primary CNS lymphoma with findings
on postmortem examination, and in five of eight



AJNR: 13, July/August 1992

Fig. 3. A, A T2-weighted (2757/80) MR image in patient 9 shows a lesion in the left cerebellar hemisphere with a Zone 1 area
isointense to gray matter (white arrow) and a Zone 2 area abutting the fourth ventricle.

B, A T2-weighted (2757/80) MR image shows a hyperintense lesion in the hypothalamus (black arrowhead).

C, A T1-weighted (800/25) gadopentetate dimeglumine-enhancing MR image shows the Zone 1 area of the left cerebellar lesion with

dense homogenous enhancement.

D, A T1-weighted (800/25) gadopentetate dimeglumine-enhanced MR image shows dense homogenous enhancement of the

hypothalamic lesion.

E, A contrast-enhanced CT scan shows the left cerebellar lesion to enhance but it appears smaller than on the MR image (white

arrow). The hypothalamic lesion enhances similarly to the MR image.

patients the tumor extended further than noted
on radiologic examination (20). Primary CNS lym-
phoma is described pathologically as diffuse infil-
tration of brain parenchyma (40, 41), and the
extent of neoplastic infiltration of the brain cannot
be defined by imaging studies. We believe that
Zone 1 corresponds to an area of packed tumor
cells, while Zone 2 corresponds to increased water
content and infiltrating tumor cells. We believe
that these MR findings can be used to guide the
therapy of patients. Needle biopsy is the proce-
dure of choice for obtaining a tissue diagnosis (9,

42). In a patient whose MR scan shows findings
suggestive of primary CNS lymphoma, a needle
biopsy is a rational next step in the work-up of
primary CNS lymphoma. In this way, a diagnosis
can be obtained. In primary CNS lymphoma, the
extent of resection has no influence on survival
(5, 43). Radiation therapy, with or without sub-
sequent chemotherapy, has been the mainstay of
treatment for primary CNS lymphoma but has
yielded median survival rates of only about 15-
20 months (44). Systemic chemotherapy for sys-
temic lymphoma yields a 60% 5-year survival
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TABLE 2: Results of radiologic examination of non-AIDS primary CNS lymphoma patients

Signal Inten-

_ No.of Enhancement sity of Zone 75ne | Radial Zone 2 Radial Abuts Vent. _
Patient . 1 = . Mass Effect Location
Lesions Measurement® Measurement’ System
Type 1 Gd TI T2
1 1 H 3+ ND Hypo Iso 1 5 1t #+ DPV
2 1 H 3+ ND Hypo Iso 1.5 4 3+ + Left temporal
3 1 H 3+ ND Hypo Iso 2 5 0 #* Left parietal
4 2 R 3+ ND Hypo Iso 3 3 2+ + Left parietal
H 3+ ND Hypo Iso 1 2 2+ Left temporal
5 1 H 2+ ND Iso Hyper 1 5 0 + Left parietal
6 1 H 3+ ND Hypo Hyper 1 2 0 + DPV
7 2 H 2+ ND Iso Hypo 0.5 1 0 + Left frontal
H 1+ Iso Hypo 0.5 1 0 i Left frontal
8 1 R 3+ 3+ Hypo Iso 3 3 1+ + Corpus callosum and periventricular
white matter
9 2 H 3+ 3+ Iso Hyper 1 3 1+ + Hypothalamus
H 3+ 3+ Iso Iso 0.5 1 1+ Left cerebellar hemisphere
10 1 R 3+ 3+ Iso Hyper 2.5 2 0 + Right parietal
11 3 H 3+ 3+ Iso Iso 1 5 1+ + Left frontal
H 3+ 3+ Iso Iso 1 3 1+ = Left temporal
H 3+ 3+ Iso Iso | 3 1+ = Right frontal
12 1 H 3+ 3+ Hypo Hyper 2 5 2+ = Right parietal
13 1 H 3+ 3+ Hypo Hyper 1:5 2 2+ + Left temporal
14 1 H 3+ 3+ Hypo Iso 1.5 3 2+ = Left frontal
15 1 H 3+ 3+ Hypo Iso 25 2 2+ % Left frontal parietal
16 1 R 3+ 3+ Hypo Iso 1.5 2 1+ + Left basal ganglia
17 2 H 3+ 3+ Hypo Iso 1 1 1+ + Pons
R 3+ 3+ Iso Iso 0.5 9 0 + Thalamus surrounding 3rd ventricle
18 2 H 3+ 3+ Hypo Iso 2 5 3+ + Right occipital-large dural base
H 1+ 1+ Hypo Hyper 0.5 2 0 — Left parietal
19 5 H 2+ 3+ Iso Hyper 1 0 1+ + Right cerebellar hemisphere
H 1+ 2+ Iso Hyper 1 2 1+ = Right midbrain
H 1+ 1+ Iso Iso " 0 0 + Right lentiform
H 1+ 1+ Iso Iso * 0 0 + Left lentiform
H 0 3+ Iso Iso 0.5 0 0 s Right frontal
20 3 H 3+ 3+ Iso Hyper 0.5 0 2+ o Right midbrain
H 3+ 3+ Iso Hyper 0.5 4 0 = Right lentiform
H 3+ 3+ Iso Hyper 0.5 4 0 . Left lentiform
Note.—I, iodine-based enhancement; Gd, gadolinium-based enhancement; ND, not done. The degree of enhancement was graded subjectively as: 0,

none; 1+, mild; 2+, moderate; 3+, marked. The type of enhancement was described as H, homogenous or R, ring; +, the lesion abutted the ventricular
system; —, the lesion did not abut the ventricular system. Mass effect was graded as: O, none; 1+, mild; 2+, moderate; 3+, marked. T1, T1-weighted
image; T2, T2-weighted image. DPV, diffuse periventricular. Zone 1: refers to the area of enhancement. Zone 2: refers to the abnormal signal

surrounding the enhancing area.

® The radial measurements in Zones 1 and 2 are in centimeters. The radial measurement of Zone 1 was obtained from the geometric center of Zone
1 to the boundary of Zones 1 and 2. The radial measurement of Zone 2 was obtained from the boundary of Zones 1 and 2 to the boundary of Zone 2

and brain with normal signal intensity on T2-weighted images.

rate (45, 46). Chemotherapy, used alone, has had
only modest efficacy in treating primary CNS
lymphoma, but may be more effective if given
prior to radiotherapy (47-49). However, chemo-
therapy given in association with osmotic blood-
brain barrier disruption parallels the excellent,
durable responses seen with systemic disease and
may not require radiotherapy (50).
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