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Summary

Hemorrhage at presentation in primary CNS lymphoma is exceedingly rare. We describe a patient with primary
CNS lymphoma who presented with seizures and was found to have an intracerebral hemorrhage which prompted a
cerebral angiogram. Ultimately pathologic evaluation of the lesion revealed a highly cellular B-cell lymphoma with
marked hypervascularity and intense expression of vascular endothelial growth factor (VEGF). A review of four
other recent cases of primary CNS lymphoma at our institution revealed less-intense VEGF immunoreactivity. This
is the first report of VEGF expression in primary CNS lymphoma. The potential significance of VEGF expression
with respect to the biology of this tumor is discussed.

Introduction

An important goal in clinical cancer research is to be
able to correlate the imaging characteristics of tumors
with specific molecular features which underly their
biology.

Case Report

A 55 year-old man presented with tonic clonic seizures
involving the right arm. Physical examination was
remarkable for right upper extremity weakness. An
MRI of the brain revealed a hemorrhagic mass involv-
ing the left posterior frontal lobe with significant
surrounding vasogenic edema (Figure 1). A left pos-
terior frontal craniotomy was performed and biopsy
material showed diffuse large cell non-Hodgkin’s lym-
phoma, CD20-positive. Systemic staging evaluation,
including ophthalmologic examination, MRI of spine,
CT scans of chest, abdomen and pelvis and bone mar-
row biopsy, was negative. The CSF was cytologically
benign and complete blood count was within normal
limits. Coagulation tests were within normal limits.
The patient had previously been in excellent health.
An HIV test was negative.

The patient was treated for primary central ner-
vous system lymphoma. His initial treatment consisted

of dexamethasone and anticonvulsants. Subsequently
he was treated with a combination of high-dose
methotrexate, cytarabine, and Rituximab. A partial
response was obtained which lasted 10 months. How-
ever, because of progressive disease he ultimately was
treated with whole brain radiation and is currently in
remission, 30 months after diagnosis.

Pathologic review of the biopsy material showed an
invasive, highly cellular neoplasm consisting of malig-
nant lymphocytes. Marked hypervascularity was evi-
dent. (Figure 2). Immunoperoxidase analysis showed
that the tumor cells sexhibited intense reactivity for
vascular endothelial growth factor (VEGF). A review
of four other recent cases of primary CNS B-cell lym-
phoma tumors at our institution also revealed VEGF
immunoreactivity by lymphoma cells. Intensity of
VEGF staining in these cases, however, was markedly
lower than in this patient. Each of these cases also pre-
sented with gadolinium enhancement on MRI but not
with hemorrhage or with significant neovasculariza-
tion. The weakest VEGF expression in this cohort was
found in the one tumor which did not respond to high-
dose methotrexate plus Rituximab.

Discussion

Hemorrhage at the time of presentation in primary CNS
lymphoma is rare. In a recent review of the radiographic
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Figure 1. (A) An axial T1-weighted image (TR 600/TE min)
demonstrates parenchymal subcortical hypointensity and sulcal
effacement in the left frontal lobe, consistent with vasogenic
edema. A more focal hypointensity medially (arrow) likely repre-
sents cyst formation, while a focal hyperintensity (double arrow)
suggests the presence of subacute blood. A right parietal scalp
mass (asterisk) with signal characteristics that parallel fat repre-
sents an incidental lipoma. (B) An axial T2-weighted image (TR
2500/TE 80) demonstrates the vasogenic edema to better advan-
tage. In addition, multiple small foci of hypointensity located
anteriorly and a dominant focus of hypointensity (arrow) more
posteriorly are consistent with blood products. The areas which
show iso- or hypointensity on the T1WI and hypointensity on the
T2WI are consistent with deoxyhemoglobin, while the area which
is hyperintense on T1WI and hypointense on T2WI is consistent
with extracellular methemoglobin. (C) An axial post-gadolinium
T1-weighted image demonstrates irregular foci of enhancement
located anteriorly within the left frontal lobe (arrows), and a dom-
inant enhancing mass located more posteriorly (double arrow).
The multiple irregular foci of enhancement and dominant mass
suggest an underlying neoplastic process rather than the enhance-
ment that can be associated with a subacute hematoma. (D) A
coronal multiplanar gradient-refocused image (TR 787/TE 25/flip
angle 20) shows multiple regions of very low signal due to mag-
netic susceptibility effects caused by the presence of blood prod-
ucts. The zone of surrounding vasogenic edema is again seen as
surrounding high signal intensity.

features of 33 cases of primary CNS lymphoma, none
were associated with intracranial bleeding [1]. This
is the first demonstration, of which we are aware,
of VEGF expression by tumor cells in primary CNS

lymphoma. Histologic analysis of this case suggests a
correlation between intratumoral hemorrhage, neovas-
cularization and the degree of VEGF expression in pri-
mary central nervous system lymphoma.

Over the past several years, a vast accumulation of
evidence suggests that the growth of solid tumors is
dependent on angiogenesis. Recent evidence suggests
that the growth of hematologic malignancies is also
associated with an angiogenic phenotype. For example,
several recent studies have demonstrated that elevated
serum levels of VEGF is associated with poor out-
come in systemic non-Hodgkin’s lymphoma [2,3]. One
recent study has demonstrated that simultaneous serum
elevation of VEGF and basic fibroblast growth factor
(bFGF) is an independent predictor of poor progno-
sis in non-Hodgkin’s lymphoma [4]. Moreover, expo-
sure of human vascular endothelial cells to recombinant
human VEGF results in an increase in the level of gene
expression for several hematopoietic growth factors
including macrophage colony-stimulating factor, gran-
ulocyte colony-stimulating factor and interleukin-6 [5].
These findings raise the possibility that angiotropism
in primary central nervous system lymphoma may con-
stitute an important paracrine growth mechanism for
lymphoma progression.

Expression of VEGF by primary central nervous
system lymphoma cells may contribute significantly
to several of the pathobiological features of this tumor.
First, the majority of primary central nervous system
lymphomas are associated with enhancement on MRI
or CT scan [6]. While these tumors typically obtain
nourishment by angiotropism and not by angiogenesis,
expression of VEGF could contribute to the vascu-
lar destabilization and permeability changes which
characterize the disrupted blood-brain barrier in these
tumors, thus accounting for this contrast enhancement
[7]. VEGF stimulates the formation of endothelial
fenestrations and is a strong inducer of vascular per-
meability, with a potency 50,000 times greater than
histamine [8]. Second, VEGF expression could con-
tribute to the vasogenic edema which is characteristic
of this type of brain tumor. Third, overexpression
of VEGF isoforms 121 and 165 has been shown to
induce vascular destablization in an animal model of
glioblastoma, resulting in intracerebral hemorrhage
[9]. The intense VEGF expression noted in this case
also supports a role for VEGF overexpression and the
induction of spontaneous tumor hemorrhage. Fourth,
glucocorticoids have a critical role in the treatment
of primary CNS lymphoma: at least 25% of patients
exhibit a radiographic response to dexamethasone
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Figure 2. (a) Hematoxylin and eosin stain of primary CNS lymphoma tumor obtained from the patient showing high-grade lesion
with evidence of neovascularization. (100×). (b) Diffuse VEGF immunoreactivity by primary central lymphoma cells was detected.
(400×). Bar = 10 µm. Trace VEGF immunoreactivity was detected in normal brain. High levels of VEGF immunohistochemistry
was demonstrated using both a monoclonal antibody (Pharmingen) and with a polyclonal antibody (Santa Cruz). Immunoreactivity was
abrogated when a blocking peptide was used. Four other primary CNS lymphoma tumors analyzed exhibited moderate levels of VEGF
immunoreactivity.

[10]. The basis for this effect may be secondary to at
least two mechanisms of action: while glucocorticoids
likely exert a direct apoptotic effect on malignant lym-
phocytes, it is also plausible that dexamethasone may
also reduce lymphoma-associated vascular permeabil-
ity by blocking both the expression and/or actions
of VEGF [11]. Fifth, VEGF-mediated permeability
changes may contribute positively to the relatively suc-
cessful role of systemic chemotherapy in this disease.

While further studies are required to confirm this
observation, these findings suggest a potential applica-
tion of biological therapies which inhibit VEGF action
in the treatment of this highly lethal brain tumor.
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