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Primary central nervous system lymphomas constitute less than 2% of primary brain
tumors. Although their cause is unknown, they are in some way related to immunosuppression. The typical patient is a middle-aged man who displays the syndrome of
a subacute mass lesion. These tumors most commonly occur as a single, bulky mass
in the hemispheric white matter or the deep gray matter, but multiple tumors occur
in approximately a fourth of the patients. The findings on computed tomography are
distinctive and nearly pathognomonic. The majority of these tumors are B-cell
lymphomas with aggressive histologie changes. Surgical intervention should be re
served for tissue diagnosis because surgical removal does not seem to influence the
outcome. Conventional therapy consists of whole-brain irradiation with or without
chemotherapy. The prognosis for patients with such tumors is grim, the median
duration of survival being less than 2 years with conventional therapy and the 5-year
survival being less than 5%.

Lymphomas are the fifth most common cause of
cancer-related deaths in the United States. 1
Approximately 50,000 new cases of lymphoma
are diagnosed each year, 31,700 of which are
non-Hodgkin's lymphoma. Non-Hodgkin's lym
phoma may affect the nervous system at various
levels and directly or indirectly cause a wide
spectrum of neurologic illnesses. 2 4 Secondary
involvement of the nervous system typically
occurs late in the course of non-Hodgkin's lym
phoma and can be predicted on the basis of such
factors as young age, diffuse histologie changes,
earlybone marrow involvement, and widespread
systemic disease. 5 · 6 Even when systemic non-

c u r r e n t address: William Beaumont Army Medical Cen
ter, El Paso, Texas.
Address reprint requests to Dr. B. P. O'Neill, Department of
Neurology, Mayo Clinic, Rochester, MN 55905.
Mayo Clin Prue 64:1005-1020, 1989

Hodgkin's lymphoma initially manifests with
involvement of the nervous system, the spec
trum of the disease is similar—that is, epidural
spinal cord compression and neoplastic menin
gitis. 7 In contrast, metastatic spread of systemic
lymphoma to the cerebral parenchyma is rare
(probably present in fewer t h a n 1% of neurologic
cases at autopsy). 8
Most intracranial malignant lymphomas are
primary and are of the non-Hodgkin's lymphoma
type. These primary central nervous system
non-Hodgkin's lymphomas (PCNSL) are uncom
mon tumors of the nervous system, constituting
0.85 to 2.0% of all primary brain tumors. 9 · 10 The
frequency of occurrence of PCNSL, however, is
increasing beyond t h a t which can be accounted
for by improved diagnostic capabilities and ex
ceeds the increasing frequency of systemic lym
phoma. 11 Aside from the observation that PCNSL
begins and develops in the nervous system, and
in most cases does not spread elsewhere, the
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histologie findings are identical to the malignant
lymphocytes of systemic non-Hodgkin's lymphoma. 12 If one considers the unique nature of
the central nervous system site, treatment prin
ciples applicable to systemic non-Hodgkin's
lymphoma should also be relevant to PCNSL.

In all cases studied, the main microscopic
pathologic feature has been a diffuse cytologie
process; follicular forms (in the Working Formu
lation; nodular forms in the Rappaport classifi
cation) do not occur. In general, these tumors
begin as perivascular infiltrates, spread centrifugally, and eventually invade intact brain pa
renchyma (Fig. 2). In advanced tumors, large
expansive areas of lymphoma retain no perivas
cular relationship. The cellular infiltrate, which
usually is dense, consists of a mixture of cells
including perivascular histiocytes, microglia,
plasma cells, and several types of lymphocytes;
the predominant cell type determines the
pathologic classification. In most cases, the
pathologic infiltrate consists predominantly of
large lymphoid cells. Necrosis may occasionally
be present. 2 5 The periphery of the tumor may be
composed of hypertrophie reactive astrocytes
that, if sufficient pleomorphism occurs, may
mimic a low-grade astrocytoma. 26 Thus, as in
extranodal lymphomas elsewhere in the body,
diagnostic confusion can occur if biopsy speci
mens are obtained from the peripheral part of
the tumor.
Unlike malignant gliomas, endothelial prolif
eration is not a feature of non-Hodgkin's lym
phomas; instead, an intense vascular response
and perivascular infiltration are evident. The
histologie hallmark of cerebral lymphomas is
the multiplication of basement membranes of
those blood vessels t h a t are involved by the
lymphomatous process. 27 When stained with
silver reticulum stains (Fig. 3), this buildup is
strikingly demonstrated (a finding that prompted
the earlier term "reticulum cell sarcoma").
In the Working Formulation classification,
most non-Hodgkin's lymphomas are of interme
diate to high grade and typically are of either
diffuse large cell or diffuse mixed cell histologie
type. Less common forms are the immunoblas
tic and small cleaved cell types (more detailed
histologie descriptions are provided else
where 1 · 21 ' 2829 ). Also, we and others have recently
seen primary T-cell lymphomas of the brain
without clinical evidence of systemic T-cell
lymphoma or acquired immunodeficiency syn
drome (AIDS). 25 · 30 Immunohistochemical stud-

PATHOLOGIC FEATURES
The tumor currently called PCNSL was first
described by Bailey 13 as a "perithelial small cell
sarcoma." Various morphologic criteria have
been used to categorize the cell of origin of this
tumor; thus, PCNSL has previously been re
ferred to as reticulum cell sarcoma, 14 microgli
oma, 15 and immunoblastic sarcoma. 16 The néoplastic cells of PCNSL, however, are identical to
those t h a t constitute extracranial lymphomas.
On the basis of morphologic, ultrastructural,
and immunologie studies, they are neoplastic
lymphocytes t h a t recapitulate the pathologic
spectrum of the lymphomas t h a t occur outside
the central nervous system. 12 · 1720
Modern nomenclature classifies tumors on
the basis of the predominant cell type. Three
major systems are currently used. Our institu
tion uses the Working Formulation from the
National Cancer Institute to classify nonHodgkin's lymphomas, and such terminology
will be used throughout this report (Table 1).
The Working Formulation classification of nonHodgkin's lymphomas for clinical usage, which
was published in 1982, is a clinicopathologic
schema t h a t facilitates translation among the
major systems of classification. 21
Most PCNSL are bulky tumors, contiguous
with either the meningeal or the ventricular
surface (Fig. 1). The cut surface is dark or pale
gray and is characteristically granular. Some
PCNSL are diffusely infiltrating lesions or have
a multinodular pattern. At least 20% of patients
have multiple lesions at the time of initial
manifestation, and some series report incidence
figures as high as 33.5%. 22 Although many
PCNSL are supratentorial, as many as 25%
occur infratentorially. 23 Some sites, such as the
corpus callosum and basal ganglia, are suffi
ciently characteristic to approach diagnostic sig
nificance 24 (Table 2).
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Table 1.—Pathologic Classifications of Non-Hodgkin's L y m p h o m a s *
Working Formulation
classification
Low grade
ML, small lymphocytic
ML, follicular, predominantly
small cleaved cell
ML, follicular, mixed small
cleaved and large cell
Intermediate grade
ML, follicular, predominantly
large cell
ML, diffuse small cleaved
cell
ML, diffuse, mixed small
and large cell
ML, diffuse large cell
High grade
ML, large cell immunoblastic
ML, lymphoblastic
ML, small noncleaved cell
Miscellaneous
Composite
Mycosis fungoides
Histiocytic
Extramedullary plasmacytoma
Unclassifiable

Rappaport
classification

Lukes and Collins
classification

Diffuse lymphocytic,
well differentiated
Nodular, poorly differentiated
lymphocytic
Nodular, mixed lymphocytichistiocytic

Small lymphocytic and plasmacytoid
lymphocytic
Small cleaved FCC, follicular only
or follicular and diffuse
Small cleaved FCC, follicular; large
cleaved FCC, follicular

Nodular histiocytic

Large cleaved or noncleaved
(or both) FCC, follicular
Small cleaved FCC, diffuse

Diffuse lymphocytic, poorly
differentiated
Diffuse mixed lymphocytichistiocytic
Diffuse histiocytic
Diffuse histiocytic
Lymphoblastic convoluted
or nonconvoluted
Undifferentiated, Burkitt's
and non-Burkitt's

Small cleaved, large cleaved, or
large noncleaved FCC, diffuse
Large cleaved or noncleaved FCC,
diffuse
Immunoblastic sarcoma, T-cell
or B-cell type
Convoluted T-cell
Small noncleaved FCC

*FCC = follicular center cell; ML = malignant lymphoma.
Data from the Non-Hodgkin's Lymphoma Pathologic Classification Project. 2 '

ies can provide a more accurate classification of
lymphoid tumors, which can be applied to biopsy
material even when it is obtained by means of a
stereotactic procedure. 25 In our recent review of
64 patients with PCNSL (Table 3), immunohistochemical data were available for 13. 2 i As
expected, most tumors were of the B-cell type,
but three T-cell lymphomas were identified. The
small numbers of T-cell PCNSL may simply
reflect the recent routine application of immunohistochemical studies. Occasionally, a rela
tively undifferentiated "small, blue cell tumor"
poses a diagnostic challenge to neuropatholo
gists. For such lesions, immunohistochemical
staining, as well as staining for common leuko
cyte antigen, epithelial membrane antigen, and
S-100 protein, and also electron microscopy are

often useful. In these instances, electron micros
copy reveals no junctional complexes (desmosomes), a feature t h a t distinguishes nonHodgkin's lymphomas from epithelially derived
tumors. 2 6
The frequency and distribution of PCNSL
histologie types were calculated by Hobson and
associates' 51 from reports of 352 patients in the
literature. On the basis of their findings, one can
conclude t h a t diffuse large cell lymphoma (or
histiocytic lymphoma in the Rappaport classifi
cation) is the most common histologie type, oc
curring in more than half of the cases. Our
experience has been similar (Table 3); 43 of 64
patients had diffuse large cell lymphoma, 8 of
which were immunoblastic. 2 5 Only the study by
Jellinger and colleagues 32 showed a trend to-
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Fig. 2. Perivascular accumulation (arrow) of neoplastic
lymphocytes and infiltration of surrounding brain. (Hematoxylin-eosin; xlOO.)
Fig. 1. Coronal section from 64-year-old man with primary
central nervous system lymphoma. Note bulky basal gan
glia tumor (Zarge arrow ) and second smaller tumor in corpus
callosum (small arrow).

ward more favorable histologie features—that
is, well-differentiated and poorly differentiated
lymphocytic lymphomas (Rappaport classifica
tion) in most of their patients—a finding t h a t
other studies have not confirmed. Our data

Table 2.—Location of P r i m a r y Central N e r v o u s
S y s t e m L y m p h o m a s i n 424 Cases
Location
Supratentorial
Frontal
Temporal
Parietal
Occipital
Deep nuclei
Pineal
Other*
Infratentorial
Cerebellum
Brain stem
Spinal cord
Multiplet

Subgroup
(%)
26.2
15.4
14.0
4.5
13.8
0.5
28.5
80.3
16.4
3.3
142

33.5

*Not otherwise specified.
tMultiple lesions within a single hemisphere, lesions in
volving more than one hemisphere, or involvement of the
méninges.
From Murray and associates.- 2 By permission of the
American Association of Neurological Surgeons.

suggest t h a t tumors with favorable histologie
features are uncommon; of our 64 patients, only
2 and 5 patients had well-differentiated or poorly
differentiated histologie findings, respectively
(small lymphocytic and diffuse small cleaved cell
lymphomas in the Working Formulation).
ETIOLOGIC FACTORS
Although the cause of PCNSL is unknown, in
teresting advances in the knowledge about etiologic mechanisms have been made from patients
with AIDS and with tropical spastic paraparesis. 33 · 34 What may be accepted as true today,
however, may change dramatically as new data
emerge. Other useful reviews have been pub
lished about the pathogenesis of lymphomas. 28,35
PCNSL are more likely to occur in certain
clinical situations and within certain identifi
able groups. An increased risk of developing
PCNSL is associated with the following condi
tions:
collagen vascular diseases such as
Sjögren's syndrome, 36 systemic lupus erythematosus, 3 7 and rheumatoid arthritis; 3 8 chronic
immunosuppression as seen in cardiac, thymic,
and renal transplantation 3 9 4 1 and congenital
immunodeficiency syndromes; 42 and AIDS. 4 3 4 5
PCNSL is now the most common noninfectious
space-occupying lesion in patients with AIDS
and is the fourth leading cause of death in such
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Table 3.—Distribution of H i s t o l o g i e F i n d i n g s * i n
Series of 64 Mayo P a t i e n t s With P r i m a r y Central
N e r v o u s S y s t e m L y m p h o m a (1974-1986)
Finding

Fig. 3. Perivascular infiltration with reticulum production
in cerebral lymphoma. (Reticulum stain; xlOO.)

Light microscopy
Diffuse large cell
Diffuse large cejl,
immunoblastic
Diffuse mixed cell
Small lymphocytic
Other
Small cleaved cell
Small noncleaved cell
Burkitt's
Non-Burkitt's
Immunohistochemistry
B cell
K

λ
Tcell
Helper T cell

patients. Rosenblum and co-workers 46 · 47 recently
stated that the yearly incidence of PCNSL will
exceed that of low-grade astrocytomas and ap
proach the yearly incidence of meningiomas. A
more alarming statistic, from a recent report by
the Surveillance, Epidemiology, and End-Re
sults program (SEER) at the National Cancer
Institute, 11 suggested that the actual incidence
of PCNSL is increasing beyond the general in
crease in cases of lymphoma. The SEER data are
even more noteworthy because t h a t study at
tempted to avoid an AIDS bias by eliminating
never-married men from their analysis. Hobson
and associates 31 suggested t h a t this increase
may reflect the availability and the ready use of
immunosuppressant drugs in a wide variety of
clinical situations.
Theories about why PCNSL develop revolve
around one of several possibilities, perhaps
enhanced by exogenous or endogenous immunosuppression. Hochberg and colleagues 48 found
the Epstein-Barr virus genome in neoplastic
lymphocytes from one patient with PCNSL and
demonstrated immunohistochemical localization
of the Epstein-Barr virus antigen in the region of
brain lymphoma from other patients. This find
ing suggested selective incorporation of the vi
rus in tumor cells or actual viral induction of the
tumor. Such an association should be even more
likely in AIDS because of the increased fre-

No. of cases
35

5
4

8
10
2
9

1
3
3
5
1

10
3

*Based on the working formulation classification of nonHodgkin's lymphomas proposed by the National Cancer
Institute.

quency of occurrence of antibody to EpsteinBarr virus. Recently, Murray and co-workers 49
reported the demonstration of the Epstein-Barr
virus genome in tumor tissue from four patients
with AIDS and PCNSL but not in brain tissue
from nine patients with AIDS but no PCNSL.
On the basis of the AIDS experience, Rosenberg
and colleagues 50 suggested t h a t a decrease in
immunologie surveillance may allow conversion
of a polyclonal B-cell proliferation to an overt
malignant lesion. Furthermore, they specu
lated t h a t B-cell-tropic Epstein-Barr viruses
potentially "immortalize" their respective target
lymphocytes. 47 · 51
Most patients with PCNSL are clinically and
immunologically normal before the typically
abrupt onset of their symptoms. Because most
patients with PCNSL are in the sixth decade of
life or older, occurrence of the tumor may simply
reflect the diminished immune surveillance in
elderly persons. Chromosomal breaks or viral
stimulation may cause B-cell proliferation and
eventually give rise to a single clone of cells with
growth potential. This clonai excess in lymphoproliferative tissues can progress to oligoclo-
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nal or monoclonal lymphomas because of faulty
T-cell suppression. 52 - 53 This outcome may be
particularly likely when such growth occurs in
an immunlogically "privileged" extranodal site
such as the brain. 4 7
The interaction of the diminished immune
surveillance in elderly persons and the chronic
stimulation by chromosomal abnormalities can
be seen in Richter's syndrome, in which large cell
lymphoma develops in the setting of chronic
lymphocytic leukemia. 54 Such a transformation
evolved in two of our older male patients, one of
whom had never received chemotherapy. 55 Some
evidence has suggested t h a t the lymphoma
develops as a dedifferentiation of the leukemic
cell, inasmuch as clones of cells from chronic and
acute phases have demonstrated similar immu
nologie characteristics. 5 6
A hereditary influence on the development of
lymphomas has been suggested by the high
frequency of occurrence in families of patients
with immunologie disorders and in patients with
inherited immunologie deficiency diseases. 57 In
reference to PCNSL, however, little information
is available. Our recent review suggested such
an increased risk—30% of our patients with
PCNSL had a family history of cancer, including
two patients with other family members who
had a lymphoproliferative disorder. Another
five patients had a prior personal history of
cancer, two of whom had been treated with
immunosuppressive agents. 2 3

were present. Approximately a third of the
patients had changes in mental status, and only
9% had seizures. In a retrospective review of 83
cases of PCNSL from the Armed Forces Insti
tute of Pathology, Henry and colleagues 27 found
a similar distribution of clinical manifestations.
In our recent review, 23 at the time of diagnosis
of PCNSL approximately equal percentages of
patients had generalized symptoms (such as
headache, increased intracranial pressure, and
generalized seizures), focal symptoms (hemimotor or hemisensory symptoms, visual field
changes, and focal seizures), and combinations
of generalized and focal symptoms (Table 4). In
contrast to some prior studies, however, focal
signs such as aphasia, hemimotor or hemisen
sory deficits, visual field losses, and brain-stem
or cerebellar signs were noted in approximately
45% of those patients, whereas 16% had diffuse
signs such as encephalopathy, dementia, and
papilledema. A review of the published reports
in which sufficient evidence was present about
the initial manifestations generally supported
these observations. Overall, approximately equal

CLINICAL FINDINGS
The typical patient with PCNSL is a middleaged man with a recent appearance of nonfocal
neurologic symptoms. Most frequently, involve
ment occurs in patients from 40 to 60 years old,
and in most series, a 2-to-l male-to-female dis
tribution has been reported. 12 · 22 · 31 · 58 · 59 The dura
tion of symptoms from onset to diagnosis is
approximately 3 months. A survey by Hobson
and associates 31 found nonfocal and nonspecific
symptoms in more t h a n 50% of the patients. At
the time of initial examination, most of these
patients had headache, nausea, vomiting, and
symptoms of increased intracranial pressure. In
42% of the patients, focal signs and symptoms

Table 4.—Clinical Characteristics at the Time of
D i a g n o s i s of Primary Central N e r v o u s System
L y m p h o m a i n 64 Mayo Patients*
Patients
Characteristic
Sex
Men
Women
Symptoms
Generalized
Focal
Both
Signs
Generalized
Focal
Both
None
Duration of symptoms (wk)
0-4
5-12
13-20
21-104

No.

%

41
23

64
36

23
22
19

36
34
30

10
29
21
4

16
45
33
6

33
19
7
5

52
30
11
8

*The median age of the 64 patients was 60 years (mean age,
58.4 years).
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numbers of patients will have neurologic symp
toms of generalized or focal origin or both. Sei
zures occur in 0 to 30% of patients.12,31·58·59
In a review of more than 1,200 cases of AIDS,
Rosenblum and co-workers47 found that PCNSL
developed in 1.9% of all such patients during
their life-span, including 0.6% whose tumor was
the first manifestation of AIDS. The clinical
manifestations in this group of patients are
similar to those in other patients with PCNSL;
however, the mean age is younger, and the
tumors are more often multifocal at the time of
diagnosis. These findings may reflect the more
aggressive histologie patterns of the AIDS-associated PCNSL. Whereas large cell immunoblastic and small cell, noncleaved types (in the work
ing formulation classification) occurred in only
12.5% and 6.25% of all non-AIDS PCNSL cases,
these are the most common types in AIDSassociated PCNSL (30% and 60%, respectively).
This finding compares with high-grade lympho
mas noted in more than half of the systemic
lymphomas associated with AIDS and less than
20% in the general population (Table 5).
A typical pattern of initial manifestation has
been established for PCNSL. Nevertheless,
several uncommon neurologic syndromes occur
in patients with PCNSL, and their features are
sufficiently characteristic to suggest the possi

bility of PCNSL above other diagnostic consid
erations. 60 These syndromes include a uveocyclitis coincident with or before the diagnosis of
PCNSL, a subacute encephalitis with subependymal infiltration, a syndrome with multifocal
central nervous system lesions, and a multiple
sclerosis-like illness with exacerbations and
corticosteroid-induced (or rarely spontaneous)
remissions.
The finding of uveitis is particularly signifi
cant. Eye symptoms may precede cerebral
symptoms by months to years. Although they
may initially respond to topical or systemic cor
ticosteroide, at least two-thirds of the patients
with uveitis eventually have PCNSL, usually
ipsilateral to the only or the most severely af
fected eye.61 The pathologic finding is a dense
infiltration of the vitreous and retina, particu
larly at the posterior pole, 79% of which cases are
bilateral. 62 The correct diagnosis is usually
made after vitreous biopsy when the patient
fails to respond to corticosteroid therapy. 63 In
our experience, 11% of patients with PCNSL had
episodes of uveitis that preceded the diagnosis of
PCNSL by months to years. In another 6%,
uveitis was diagnosed coincident with the dis
covery of the tumor when a thorough ophthalmologic examination was done as part of a standard
staging process.23·60

Table 5.—Clinical Differences in Patients Who Have Primary Central
Nervous System Lymphoma With or Without Acquired
Immunodeficiency Syndrome (AIDS)*
Factor
Pathology
Light microscopy
Immunohistochemistry
Multiple lesions (%)
At initial examination
At autopsy
Age distribution
Initial manifestation
Duration of symptoms

AIDS

Non-AIDS
DLC, DMC

LC immunoblastic,
small noncleaved
Bcell

T cell >20%

>40
100
4th decade
Diffuse > focal
Days to weeks

<25
44
6th decade
Diffuse > focal
1-3 mo

*DLC = diffuse large cell; DMC = diffuse mixed cell; LC = large cell. Cerebrospinal
fluid, computed tomographic, magnetic resonance imaging, and angiographie data
were similar in the two groups. Survival data were not comparable because of AIDS.
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In those cases of a relapsing remitting course,
initially diagnosed as multiple sclerosis, no
patient had optic neuritis or spinal cord dysfunc
tion, two sites particularly affected by multiple
sclerosis. Some unusual sites for occurrence of
PCNSL have been in the méninges manifesting
as a primary meningeal lymphoma,64 in the
spinal cord manifesting as a primary intramedullary lymphoma,65 and in the brain stem in
association with an encephalopathy-dementia
syndrome.66

dense.31,58 In our experience, however, most
PCNSL (67%) were isodense relative to gray
matter, and none was hypodense.24 When a
contrast agent can be administered, virtually all
tumors enhance, and the majority (70%) show a
dense homogeneous pattern (Fig. 4). In some
patients with PCNSL (4 to 10%), ringlike en
hancement or clearly denned "cystic" areas within
the lesion were noted. This ringlike lesion may
mimic the radiographie appearance of an ab
scess; however, the wall of a PCNSL is usually
much thicker than the wall of an abscess.24 Most
PCNSL (75%) are in contact with either the
ependymal or the meningeal surface, or both.
This finding and the distinct contrast enhance
ment suggest a meningioma (pseudomeningioma
pattern); however, the location, lack of calcifica
tion, and tendency toward multiplicity favor
PCNSL.24 A radiographie observation that has
attained almost diagnostic significance is the
prompt partial to complete resolution of the
computed tomographic abnormality after the
administration of corticosteroids. A "ghost tu
mor"67 is illustrated in Figure 5. Whether actual
cytoreduction or simply stabilization of the bloodbrain barrier (or both) accounts for this phe
nomenon is unknown.
Approximately 50 to 60% of PCNSL are lo
cated peripherally (in the hemispheric gray
matter or adjacent lobar white matter), and
another 25% are located in deep midline struc
tures (the septum pellucidum, basal ganglia, or
corpus callosum). At the time of initial examina
tion, 10 to 30% of patients have multiple lesions.
Most tumors, however, are single, at the periph
ery, and in the frontal lobe.24 The amount of
computed tomographic mass effect varies.
Thomas and MacPherson68 defined two groups
of patients: (1) those with deeper lesions that
were well demarcated with little mass effect or
surrounding "edema" (hypodensity) and that
had appreciable homogeneous enhancement and
(2) those with poorly demarcated superficial
lesions with variable density, contrast enhance
ment, and mass effect. Our findings correspond
to their descriptions.
Skull roentgenograms typically show normal
findings. Magnetic resonance imaging of PCNSL

CEREBROSPINAL FLUID
In most studies, cerebrospinal fluid examina
tions were limited to those patients with PCNSL
in whom increased intracranial pressure was
not a concern and in whom a lumbar puncture
could be performed safely. In a review by Mur
ray and associates,22 cerebrospinal fluid studies
were performed in 92 of 267 patients (34%), and
of these 92, only 9 (10%) had evidence of lym
phoma cells. Hobson and colleagues,31 who
reviewed five other articles and their own expe
rience, concluded that more than 80% of patients
in whom cerebrospinal fluid studies were done
had an elevated protein level and more than 40%
had an increased cell count. Therefore, one can
conclude that the cerebrospinal fluid findings
are usually abnormal but the abnormalities may
be nonspecific, and increased cerebrospinal fluid
protein is the most common abnormality. A
mononuclear cell pleocytosis was also frequently
seen, but cytologie results are probably positive
in fewer than 10% of cases. Application of new
techniques to identify lymphoma cells may show
that a greater number of patients have menin
geal involvement.
RADIOGRAPHIC CHARACTERISTICS
No computed tomographic appearance is abso
lutely diagnostic of PCNSL (Table 6); however, a
homogeneously enhancing lesion (or lesions)
located in the central gray matter or corpus
callosum should be considered highly suggestive
of PCNSL because few other lesions have this
type of appearance. In most series, at least 60%
of cases have been denser than adjacent normal
brain tissue, and less than 10% have been hypo-
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Table 6.—Computed T o m o g r a p h i e Characteristics of P r i m a r y Central
Nervous System Lymphomas
Density
Without contrast
>60% hyperdense
<10% hypodense
With contrast
>70% dense,
homogeneous
<10% ringlike

Mass effect
Majority
Deep lesions
Well demarcated
Little mass effect
Minority
Subcortical
Poorly demarcated
Variable mass effect

has not yet been widely reported. The few
available reports suggest that no imaging fea
ture is pathognomonic for PCNSL. In one re
port,69 magnetic resonance imaging features of
PCNSL in a patient with AIDS were not suffi
ciently characteristic to distinguish the tumor
from an abscess, and enhancement with gado
linium diethylenetriaminepentaacetic acid did
not prove useful. In our experience with six
patients, magnetic resonance imaging provided
no more information than that obtained from

Location
>75% ependymal or
meningeal contact
Approximately 60% lobar
Approximately 25% deep
midline structures
Septum pellucidum
Basal ganglia
Corpus callosum
10-30% multiple

computed tomography, in terms of either lesion
detectability or lesion specificity.24 If PCNSL
are located subependymally, the magnetic reso
nance imaging signal differential between that
of the cerebrospinal fluid and that of the tumor
may be insufficient for detection of such lesions.
Therefore, in this situation, computed tomographic scanning with use of a contrast agent is
more beneficial (Fig. 6). The use of new signaling
techniques such as proton-weighted scanning
may avoid this problem.

Fig. 4. Computed tomographic scans of large frontal lobe primary central
nervous system lymphoma. A, Without contrast medium, demonstrating
increased noncontrasted density. B, After administration of contrast agent,
showing dense homogeneous, avid enhancement.
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Fig. 5. Computed tomographic scans of primary central nervous system
lymphoma at foramen of Munro. A, At time of initial examination (open arrow).
B, After 1 week of corticosteroid treatment, note so-called ghost tumor {closed
arrow).

Although cerebral angiography discloses
abnormal findings in more than 90% of cases of
PCNSL studied, the abnormalities are often
nonspecific. The most common abnormality is
an avascular mass (occurring in approximately
60% of cases).12·31·70·71 Another 30 to 40% of the

tumors display diffuse homogeneous staining or
a blush that persists from the capillary to the
venous phase, again suggestive of the imaging
appearance of a meningioma.24·31 Thus, a densely
contrast- enhancing lesion on computed tomogra
phy that is avascular or nearly so on angiogra-

Fig. 6. Periventricular primary central nervous system lymphoma, depicted better
on computed tomographic scan (A) than on magnetic resonance image (B, arrow).
(See text for further discussion.)
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phy should alert the clinician to the probability
of a PCNSL—and even more so if multiple and
deep-seated lesions are detected.

additional irradiation to the spine if the cerebrospinal fluid cytology is positive, and Mendenhall
and co-workers 79 extended these guidelines by
recommending prophylactic irradiation to the
spinal axis in a dose of 30 to 35 Gy.
Most clinicians, however, have not advocated
spinal axis irradiation in the absence of spinal
signs or symptoms even when the cytologie re
sults are positive, because it necessitates irra
diation of the spine and pelvic bone marrow
stores that are needed if the patient is to tolerate
chemotherapy and because symptomatic spinal
recurrences of PCNSL are extremely rare.

SURGICAL TREATMENT
There is ample evidence, and almost unanimous
belief, that aggressive surgical decompression
with partial or gross total removal of a PCNSL is
of no benefit to the patient. 2 7 This outcome is
partly attributable to the characteristics of the
tumor (large mass, subacute course) and of the
patients (elderly) and partly attributable to the
multifocal diffuse nature of the neoplasm.
Murray and associates 22 reviewed the results in
85 patients with PCNSL who underwent only
surgical treatment. The median reported sur
vival time was 1 month, and long-term survival
was achieved in only one patient. The extent of
surgical resection had no effect on the duration
of survival.
The main role of neurosurgical intervention in
PCNSL is for tissue diagnosis. Our preferred
method of obtaining tissue for diagnosis is by
computer-assisted stereotactic biopsy. We have
recently demonstrated that, with this technique,
sufficient tissue can be obtained safely from
patients with PCNSL to yield an accurate diag
nosis, provide histologie subtype classifications,
and even allow immunohistochemical studies. 2 5
RADIATION THERAPY
Radiation therapy significantly improves sur
vival of patients with PCNSL over t h a t of no
treatment or surgical treatment only. 22 · 27 - 7275
Investigators, however, do not agree about what
the total dose of irradiation should be and whether
the dose is best delivered to the whole brain or
locally. Also, controversy surrounds the issue of
irradiation of the spinal axis for prevention of
relapse.
Dose-response information suggests t h a t an
improved survival time is associated with wholebrain treatment dosages of 50 Gy or more (Fig.
7); Cox and colleagues 76 and Berry and Simpson 77
demonstrated improved local control and sur
vival with doses t h a t exceeded 45 Gy and 50 Gy,
respectively. Littman and Wang 78 suggested 45
Gy in conjunction with a 10-Gy tumor boost and

CHEMOTHERAPY
Drugs effective in systemic non-Hodgkin's lymphomas, such as bleomycin, cyclophosphamide,
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Fig. 7. Graph showing survival time in 188 cases from the
literature and 10 additional cases of primary central ner
vous system lymphoma treated with whole-brain irradiation.
Solid line = patients receiving a dosage of 50 Gy or more.
Broken line = patients receiving a dosage of less than 50 Gy.
The difference was statistically significant (P<0.05). ( From
Murray and associates. 22 By permission of the American
Association of Neurological Surgeons.)
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doxorubicin, and vincristine, have poor penetra
tion of the blood-brain barrier. Although many
studies have demonstrated alteration of the
blood-brain barrier in patients with intracranial
neoplasms, Neuwelt and co-workers 80 suggested
t h a t only a partial permeability of the bloodbrain barrier is present in patients with PCNSL.
To counter this, they administered hyperosmolar concentrations of mannitol intra-arterially
to allow penetration of the blood-brain barrier
with methotrexate. In 12 patients with multiagent chemotherapy in conjunction with bloodbrain barrier modification, they found a 75% 1year survival with a mean follow-up of 19 months
after diagnosis; this analysis included 7 patients
who had recurrent or progressive disease after
radiation therapy. All these patients, however,
received systemic chemotherapy and cortico
steroide; thus, assessing the effect of barrier
modification is difficult. In addition to t h a t
study, anecdotal reports have described benefits
from various chemotherapeutic regimens. 8 1 8 5
In the published repc rts of formal trials, how
ever, most of the studies have included a small
number of patients, have been retrospective,
and have been poorly standardized. Further
more, in many of these studies, no long-term
follow-up has been available.
PROGNOSIS
Among the various reports of prognosis of pa
tients with PCNSL (Table 7), Jellinger and asso
ciates 32 estimated t h a t patients ν φ ο receive no
treatment have a median survival of 1.8 months.
The combination of surgical treatment, irradia
tion, and chemotherapy extended the duration
of survival to 17.2 months in a group in which
most patients had what were considered "good
prognosis" histologie findings. Henry and col
leagues 27 reported a mean survival of 3.3 months
for patients with PCNSL who received no treat
ment and 4.6 months for those who had surgical
treatment only. In most studies of radiation
therapy for the management of PCNSL, the
survival data from Berry and Simpson 77 are
cited—a 47% 1-year median survival and a 16%
2-year median survival. Their report of a me
dian duration of survival of 10 months is in close
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Table 7.—Prognosis of P a t i e n t s With Primary
Central N e r v o u s S y s t e m L y m p h o m a a n d
P a t t e r n s of R e c u r r e n c e
Median survival (mo)
No therapy
Radiation therapy
Combination therapy
Survival (%)
1-year
2-year
3-year
5-year
P a t t e r n of recurrence (%)
Local
Distant

1.8
10.0
17.2
47
16
8
3
93
7

agreement with t h a t of the Radiation Therapy
Oncology Group, which found a median survival
of 45+ weeks in a recently completed study
(personal communications). In a review of 693
cases of PCNSL, Murray and co-workers 22 found
an 8% 3-year survival and a 3% 5-year survival.
Loeffler and associates 86 reported that ap
proximately 78% of PCNSL recur, usually about
15 months after treatment. Late recurrences
are also possible. In the study by Murray and
colleagues, 22 half of the patients who survived 5
years had a relapse between 5 and 12.5 years
after diagnosis. Our experience has been simi
lar. 23 Of the recurrences, 93% are confined to the
central nervous system and 7% are outside the
central nervous system. In our review of 64
cases, symptomatic recurrences outside the
central nervous system were in the kidney, co
lon, and testis. This pattern of systemic failure
brings into focus an unresolved issue about
PCNSL—that is, whether they are simply an
other type of extranodal lymphoma with poten
tial for systemic failure, or whether they are a
primary brain tumor with a unique histologie
pattern. Local recurrences may be found at the
original tumor site, but in those patients who
have had a complete response at the original
site, we have typically found a recurrence at
another central nervous system site. 87 Our own
experience indicates t h a t the currently avail
able histologie data show no clear correlation
with survival, a finding distinctly different from
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non-Hodgkin's lymphoma at other extranodal
sites. Although the histologie type of the puta
tive recurrent lesion has seldom been confirmed,
when such studies have been done, the histologie
characteristics of the original and recurrent
tumors have been identical. 87

treatment. Chemotherapy for PCNSL is still in
the developmental stage. The prognosis for
patients with this tumor is grim; the median
duration of survival is less than 2 years, and the
5-year survival is less t h a n 5%.

CONCLUSION
PCNSL is a rare tumor, constituting less t h a n
2% of primary brain tumors and 1% of all nonHodgkin's lymphomas. Its clinical manifesta
tion is typically t h a t of a subacute mass lesion.
No clear predilection for focal versus general
findings has been noted. Rather, increased intracranial pressure, headache, nausea, vomit
ing, changes in mental status, and dementia are
the most common clinical manifestations. Re
sults of cerebrospinal fluid examination are of
ten nonspecifically abnormal (increased protein
concentration), and fewer t h a n 10% of cases
show positive cytology. The radiologie features
are distinctive and virtually pathognomonic: a
large, single, hyperdense, homogeneously con
trast-enhancing mass with a tendency to occur
in the hemispheric white matter or the deep gray
matter. Multiple and deep central lesions on
computed tomography are highly suggestive of
PCNSL, particularly if the angiogram displays
an avascular mass or a mass with a faint tumor
stain.
The pathologic features are those of a diffuse
histiocytic lymphoma (Rappaport classification)
or a diffuse large cell lymphoma (Working For
mulation classification). PCNSL are mostly of
B-cell origin, and the histologie p a t t e r n
recapitulates that found in non-Hodgkin's lym
phomas elsewhere in the body. Occult systemic
lymphomas should be excluded by a staging pro
cedure that includes routine blood and urine
studies, chest roentgenography, computed to
mography of the abdomen, bone marrow analy
sis, cerebrospinal fluid cytology (if the clinical
situation permits), slit-lamp examination of both
eyes, and ultrasound studies of the testes (in
male patients).
Surgical intervention should be reserved for
tissue diagnosis. Whole-brain irradiation with
or without chemotherapy is the most common
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