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Epstein-Barr virus (EBV)–associated lymphoid prolifera-
tions are a well-recognized complication of congenital 
or acquired systemic immunosuppression. The CNS is a 
frequent site for development of such lymphoid prolifera-
tions. We describe the clinical, imaging, and pathologic 
observations of a CNS disorder histologically similar to 
posttransplantation lymphoproliferative disorder that 
occurred in four patients with autoimmune disease treated 
with mycophenolate mofetil (MM). Two patients had 
polymorphous lymphoplasmacytic infiltration of brain 
parenchyma, and two had monomorphous infiltrations 
consistent with diffuse large B-cell lymphoma. In situ 
hybridization for EBV-encoded RNA was positive in 
all four patients. All patients improved after MM with-
drawal and the use of rituximab. Because of a favor-
able toxicity profile, MM is now being used as steroid- 
sparing immunomodulatory therapy in autoimmune 
disorders. Based on our experience presented herein, 
we recommend caution in patient selection for MM and 
strict surveillance of those patients with autoimmune dis-
orders who receive MM. Neuro-Oncology 9, 364–369, 
2007 (Posted to Neuro-Oncology [serial online], Doc. 
D06-00136, May 23, 2007. URL http://neuro-oncology 
.dukejournals.org; DOI: 10.1215/15228517-2007-004)

Keywords: CNS, EBV, lymphoproliferation, mycophe-
nolate, primary CNS lymphoma

EBV-associated	lymphoproliferative		
disorder	of	CNS	associated	with	the	use		
of	mycophenolate	mofetil

Brian	Patrick	O’Neill,	Steven	Vernino,	Ahmet	Dogan,	and	Caterina	Giannini
Departments of Neurology (B.P.O.) and Laboratory Medicine (A.D., C.G.), Mayo Clinic and Foundation and 
the Mayo Clinic Cancer Center, Rochester, MN 55905; and Department of Neurology (S.V.), University of 
Texas Southwestern Medical Center, Dallas, TX 75390; USA

Received	August	9,	2006;	accepted	October	23,	2006.

Address	correspondence	to	Brian	Patrick	O’Neill,	Department	of	
Neurology,	200	SW	First	Street,	Rochester,	MN	55905,	USA.

Epstein-Barr virus (EBV)–associated lymphoid pro-
liferations are a well-recognized complication of 
congenital or acquired systemic immunosuppres-

sion and vary from an infectious mononucleosis-type 
lesion to frank lymphomas.1 Clinically, the most com-
mon associations are with iatrogenic immunosuppression 
following organ transplantation (posttransplantation 
lymphoproliferative disorders [PTLD])2,3 and with the 
acquired immunodeficiency of human immunodeficiency 
virus (HIV) infection.4

Although such proliferations can be seen in any ana-
tomical site, they have a predilection for extranodal sites 
and particularly immune-privileged sites such as the 
CNS.5 To that point, the CNS version of PTLD (CNS-
PTLD) accounted for 24% of all extranodal PTLD cases 
at one institution.6 Since then, we and others have docu-
mented an increased overall number of PTLD cases, and 
an increased percentage of CNS-PTLD cases, seemingly 
paralleling the use of the newer immunosuppressants 
such as cyclosporine and muromonab-CD3.7–9

We report clinical, imaging, and pathologic observa-
tions of four patients with EBV-mediated B-cell prolif-
erations that were histologically similar to CNS-PTLD 
but occurred without organ transplantation. These pro-
liferations occurred in patients with autoimmune dis-
orders treated with mycophenolate mofetil (MM). All 
were from our routine clinical practice. In situ hybrid-
ization for EBV-encoded RNA (EBER) was positive in 
all patients. Two of the four patients had frank diffuse 
large B-cell lymphoma (DLBCL) consistent with primary 
CNS lymphoma (PCNSL). All patients improved after 
MM withdrawal and the introduction of rituximab.
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Case	Reports	and	Description	of	Findings

Patient characteristics are summarized in Table 1.

Patient 1

This 88-year-old woman with type II diabetes (previ-
ously reported in Vernino et al.10) presented with a five-
year history of myasthenia gravis that for 37 months 
had been treated with MM (1,000 mg twice daily), 
and low-dose prednisone (5 mg every other day). She 
presented with mild headache and low-grade fever for 
two months, and then difficulty speaking (word-finding 
difficulty rather than dysarthria). She reported no sys-
temic symptoms.

Examination demonstrated nonfluent speech, para-
phasic errors, mild anomia, and right lower face and arm 
weakness. No fatigable weakness or peripheral lymph-
adenopathy was detected. Laboratory studies demon-
strated marked lymphocytopenia, including a reduced 
CD4 count of 158/ml (reference range, 401–1,532 cells/
ml). HIV testing was negative. MRI findings were consis-
tent with PCNSL, glioma, or infection. A cerebrospinal 
fluid (CSF) examination was not performed. A week of 
dexamethasone (4 mg three times daily) did not alter the 
contrast enhancement.

A stereotactic biopsy led to diagnosis of EBV-asso-
ciated DLBCL. The patient declined conventional che-
motherapy and radiation. She was treated by a single 
dose of intravenous rituximab (375 mg/m2) and discon-
tinuation of MM. Prednisone was increased to 60 mg 
daily for one week and then gradually tapered down 
to 20 mg every other day. Between August 2003 and 
May 2004, she improved to minimal right hemipare-
sis. MRI appearance of the tumor was improved. She 
subsequently received three additional weekly doses of 
intravenous rituximab. Follow-up MRI demonstrated 
complete resolution of PCNSL. She has remained clini-
cally stable from the tumor for 3.5 years. Symptoms of 

myasthenia gravis returned and were managed with rest, 
low-dose prednisone, and pyridostigmine.

Patient 2 

This 58-year-old woman presented with a two-month 
history of ataxia, diplopia, and dysarthria. CNS vas-
culitis was diagnosed nine years prior, and the patient 
was treated with high-dose corticosteroids and achieved 
complete remission. A year later, symptoms returned 
when corticosteroids were tapered. She was treated 
with azathioprine and then hydroxychloroquine sulfate. 
Three years later, MM replaced azathioprine.

She was clinically stable on a regimen of MM and 
hydroxychloroquine sulfate until the new symptoms 
began. MRI demonstrated new contrast-enhancing 
lesions in each middle cerebellar peduncle. The MM 
dose was increased from 2,000 mg daily to 2,500 mg 
daily, and 40 mg prednisone daily was added. Neuro-
logic symptoms progressed, and a repeat MRI demon-
strated a new contrast lesion in the corpus callosum and 
persistence of the prior lesions. Azathioprine, 50 mg 
three times daily, was added, but neurologic deteriora-
tion continued, and she was admitted to the hospital.

On general examination, she showed stigmata of 
prolonged corticosteroid usage such as proximal mus-
cle weakness and a cushingoid appearance. Neurologic 
examination revealed gaze-evoked rotational nystagmus 
and marked bilateral dysmetria. The proximal muscle 
weakness precluded gait testing. Repeat MRI now 
showed progression of CNS lesions and new contrast-
enhancing lesions in the right and left temporal lobes and 
in the left parietal and left occipital lobes (Fig. 1). Perti-
nent laboratory findings were confined to the CSF and 
included a lymphocytic pleocytosis of 80 mononuclear/
ml (reference range, ,5 mononuclear/ml), elevated pro-
tein of 114 mg/dl (reference range, 14–45 mg/dl), and six 
oligoclonal bands (reference range , four bands). Cyto-
logic examination and flow cytometry were normal. 

Table 1.	Cohort	and	results

Characterisitic	 Patient	1	 Patient	2	 Patient	3	 Patient	4

Age	(years)	 88	 58	 65	 57

Gender		 F	 F	 M	 F

AID	 Myasthenia	gravis	 CNS	vasculitis	 Relapsing	polychondritis	 Dermatomyositis

Duration	(years)	 5	 9	 5	 6

MM	dose	 1,000	mg	b.i.d.	 1,000	mg	b.i.d.	 1,000	mg	b.i.d.	 1,000	mg	b.i.d.

Duration	(months)	 37	 46	 11	 8

Syndrome		 Hemispheric	 Posterior	fossa	 Hemispheric	 Encephalopathy

Duration	(months)		 2	 2	 3	 1

Imaging	 Single,	r/e	 Multiple,	c/e	 Multiple,	r/e	 Multiple,	irregular	c/e

Pathology	 DLBCL	 DLBCL	 PLPD	 PLPD

EBV	 Positive	 Positive	 Positive	 Positive	

Treatment	 DMX,	RTX	 DMX,	RTX	 DMX,	RTX	 DMX,	RTX

Response	 CR	 CR	 PROG	 CR

Abbreviations:	AID,	autoimmune	disorder;	MM,	mycophenolate	mofetil;	b.i.d.,	twice	daily;	r/e,	ring	enhancing;	c/e,	contrast	enhancing;	DLBCL,	diffuse	large	B-cell	lymphoma;	

PLPD,	polymorphous	B-cell	lymphoproliferative	disorder;	EBV,	Epstein-Barr	virus;	DMX,	dexamethasone;	RTX,	rituximab;	CR,	complete	response;	PROG,	progression.
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Patient 3 

This 65-year-old man presented with a three-month his-
tory of headaches followed by right-side weakness and 
sensory difficulties. His neurologic syndrome quickly 
followed installation of a pacemaker. He was initially 
evaluated at an outside hospital where CT imaging of 
the head (MRI contraindicated because of pacemaker) 
demonstrated numerous areas of low attenuation both 
supratentorially and infratentorially. The lesions had a 
ring-enhancing appearance with a minimal degree of 
mass effect associated with them.

The patient had a five-year history of relapsing poly-
chondritis in the setting of long-standing hypothyroid-
ism and psoriasis. He was initially managed with pred-
nisone; azathioprine was added a year later to allow 
steroid tapering. Inadequate control of disease activity, 
however, prompted the introduction of MM one year 
later. At the time of referral, his immunosuppressant 
medication was MM 1,000 mg twice a day, azathioprine 
50 mg three times day, and prednisone 2.5 mg daily.

Neurologic examination demonstrated a right-side 
hemiparesis and a mild degree of dysarthria but no lan-
guage disturbance. Serum lactate dehydrogenase (LDH) 
was normal. A peripheral blood smear showed unusual 
red blood cell morphology such as toxic neutrophils, 
and spiculated cells. A CT scan done for surgical plan-
ning demonstrated numerous areas of low-attenuation 
change near the  gray–white junction throughout the 
cerebrum and cerebellum; there was minimal, if any, 
mass effect. These lesions had relatively uniform ring 
enhancement; a small lesion adjacent to the atrium of 

A five-day treatment region of methylprednisolone, 
1 g daily, failed to improve her clinical status. A ste-
reotactic biopsy of the right temporal lobe lesion led to 
the diagnosis of EBV-associated polymorphous B-cell 
lymphoproliferative disorder. EBV in situ hybridiza-
tion showed the presence of EBV-positive populations 
of lymphocytes and plasma cells. The kappa/lambda 
light chain stains displayed an excess of lambda light-
chain–expressing plasma cells (Fig. 2).

MM was discontinued, and the patient commenced 
a regimen of rituximab and intravenous cyclophospha-
mide. After 3 months cyclophosphamide was discon-
tinued, and the patient continued to receive monthly 
rituximab. Eleven months later, the patient was living 
at home, independent in all daily activities, and walking 
without assistance. The most recent MRI demonstrated 
only scattered T2 hyperintensities without contrast 
enhancement.

Fig.	1.	Distinctive	MRI	of	patient	2.	The	initial	scan	after	the	onset	
of	new	symptoms	showed	contrast-enhancing	lesions	in	each	
middle	cerebellar	peduncle.	The	prebiopsy	scan	demonstrates	new	
contrast-enhancing	lesions	in	the	right	and	left	temporal	lobes,	
the	left	parietal,	and	the	left	occipital	lobes.	The	figure	displays	
the	left	occipital	lobe	lesion	on	fluid-attenuated	inversion	recovery	
(FLAIR)	(A)	and	postgadolinium	(B)	images;	and	the	left	tempo-
ral	lobe	lesion	on	FLAIR	(C)	and	postgadolinium	(D)	images.Note	
homogeneous	and	dense	contrast	enhancement.	A	scan	11	months	
after	diagnosis	and	treatment	with	rituximab	and	cyclophospha-
mide	showed	only	scattered	T2	hyperintensities	without	contrast	
enhancement.

Fig.	2.	Characteristic	features	of	Epstein-Barr	virus	(EBV)–associated		
polymorphous	B-cell	lymphoproliferative	disorder	observed	in	
patient	2.	There	is	evidence	of	a	polymorphous	infiltrate	involving	
both	leptomeninges	(A,	D)	and	parenchyma	(B),	with	perivascular	
distribution.	The	infiltrate	is	composed	predominantly	of	lympho-
cytes	and	plasma	cells,	as	confirmed	by	the	plasma	cell	marker	
CD138	(E).	The	kappa/lambda	light	chain	stains	displayed	an	
excess	of	lambda	light-chain–expressing	plasma	cells	(F).	The	EBV	
in	situ	hybridization	showed	the	presence	of	EBV-positive	popula-
tions	of	lymphocytes	and	plasma	cells	both	in	parenchyma	(C)	and	
leptomeninges	(H).
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the right lateral ventricle demonstrated an incomplete 
ring of enhancement. There were also enhancing lesions 
involving the left cerebral peduncle, upper left pons, and 
the ventral medulla at the cervicomedullary junction. 
A fluorodeoxyglucose–positron emission tomography 
study co-registered with CT demonstrated intense iso-
tope uptake through both cerebellar hemispheres, mod-
erate to intense homogeneous uptake corresponding to 
the right cerebral and left peduncle lesions, and moder-
ate nonhomogeneous uptake throughout both cerebral 
and cerebellar hemispheres.

Stereotactic biopsy of the right frontal lesion dem-
onstrated EBV-associated DLBCL. CSF analysis showed 
seven oligoclonal bands, an elevated CSF index of 1.67 
(reference range, 0–0.85), and pleocytosis consisting of 
98 white blood cells/ml (reference range, ,5/ml). EBER 
was positive in CSF. Flow cytometric immunopheno-
typing showed a population of CD19-positive B-cells 
with a monotypic staining pattern for lambda surface 
immunoglobulin light chains, consistent with involve-
ment of large B-cell lymphoma. Staging tests revealed no 
evidence of occult systemic lymphoma.

Following discontinuation of MM and azathioprine, 
the patient was started on a regimen of dexamethasone 
and rituximab. He received a total of four doses of ritux-
imab with modest improvement of imaging but without 
a clinical response. He was transferred to his home com-
munity for supportive care.

Patient 4

This 57-year-old woman presented with a cognitive 
impairment and hallucinations. She had a six-year his-
tory of biopsy-proven dermatomyositis treated with a 
variety of immunosuppressants, including high-dose 
corticosteroids and azathioprine. Approximately eight 
months prior to admission, MM was started at a dose 
of 1,000 mg twice daily. Up to the onset of her neu-
rologic symptoms, she had been well and functioning 
normally.

Neurologic examination was normal with the excep-
tion of word-finding difficulties and a decrease in inter-
mediate memory function. MRI demonstrated three 
enhancing lesions. The largest was in the mesial left tem-
poral lobe with irregular contrast enhancement and a 
small zone of surrounding T2 signal hyperintensity. There 
was a smaller right temporal lobe contrast-enhancing  
lesion and a subtle focus of contrast enhancement in the 
right operculum. These two latter lesions had subtle high 
signal and fluid-attenuated inversion recovery (FLAIR) 
sequences. None demonstrated mass effect. Initial labo-
ratory studies including LDH were normal. CSF exam 
was normal except for a lymphocytic pleocytosis of 19 
cells/ml; cytologic examination was negative.

Stereotactic biopsy of the left temporal lobe lesion 
demonstrated an EBV-associated polymorphous B-cell 
lymphoproliferative disorder composed of a mixture 
of small B-cells, large transformed immunoblasts, and 
plasma cells. In situ hybridization for EBER was positive 
in lymphoid cells. JC virus in situ hybridization studies 
were negative. MM was discontinued, and the patient 

commenced dexamethasone and rituximab treatment. 
Three months after diagnosis, the patient had no imag-
ing evidence of active disease and had improved neuro-
logic function.

Discussion

Extrapolating from PTLD, we assume the lymphopro-
liferation and subsequent lymphoma were associated in 
some way with immune deficiency, whether by drugs, 
underlying medical condition, or other means. In EBV-
associated lymphoproliferation, the specific immune 
deficiency appears to be inadequate cytotoxic T-cell 
activity.11 After EBV infection in immune-competent 
individuals, the virus remains present in vivo in lym-
phocytes as a life-long latent infection under strict EBV-
specific T-cell control. If this control is removed (or prob-
ably even if it is modified), the oncogenic properties of 
the virus may become apparent.12 This is assumed to be 
one of the mechanisms of PTLD development. However, 
even with robust immunosuppression, PTLD occurs 
infrequently,13 and severe T-cell immunodeficiency alone 
does not invariably result in lymphomatous conditions.14 
Furthermore, athymic mice (T-cell immunodeficient) can 
still reject EBV-immortalized cells.15 We are unable to 
comment on the role of cytotoxic T-cells in this cohort.

The incidence of lymphoma in patients with congeni-
tal and acquired immunodeficiency is elevated, and some 
forms resemble PTLD by histologic appearance and 
by being associated with EBV.16 However, the genetic 
lesion responsible for the immunodeficiency itself may 
predispose to tumorigenesis, as in ataxia telangiecta-
sia.17 Similarly, there is an excess risk of developing lym-
phoma in patients with autoimmune disorders such as 
rheumatoid arthritis, some of which are EBV negative.18 
Although standard treatments such as methotrexate or 
cyclophosphamide are potentially mutagenic, cases have 
been reported where no immunosuppressive agent was 
ever used.18 In our cohort, each had an underlying auto-
immune disorder, so MM may have been unrelated or 
no more than a contributing factor to the development 
of lymphoma.

The newer immunosuppressive regimens have a more 
selective and more profound effect on pathways of lym-
phocyte regulation than do earlier regimens that were 
more “global” in their effects. Azathioprine, the stan-
dard immunosuppressant in the early era of posttrans-
plantation treatment, is a nonselective inhibitor of several 
enzymes involved in purine synthesis, a step critical to 
T- and B-cell division.19 In contrast, cyclosporine exerts 
its immunosuppressive action by inhibiting the enzyme 
calcineurin phosphatase and appears to more selectively 
affect T-lymphocytes by inhibiting the transcription of 
genes encoding interleukin-2 and other cytokines.20

The MM prodrug mycophenolic acid (MPA) is a 
selective inhibitor of inosine monophosphate dehydro-
genase, the rate-limiting enzyme in de novo synthesis 
of guanosine nucleotides important in leukocyte pro-
duction.21 MPA inhibits the subsequent proliferation 
of human T- and B-lymphocytes, but its effect appears 
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to be more selective on T-lymphocytes.21 For example, 
MPA suppresses the recruitment of lymphocytes and 
monocytes into inflammatory sites and suppresses 
the elimination of allogeneic cells.22 It also suppresses  
T-lymphocyte–mediated immunopathogenetic events in 
rheumatoid arthritis, perhaps by inhibiting leukocyte 
attraction to activated endothelial cells.23

MM is widely used in adults and children as it 
improves the risk of rejection and permits a reduction or 
even withdrawal of corticosteroids without an increased 
overall risk for PTLD or solid cancers.24,25 Up to now, 
MM has not been considered to be mutagenic. How-
ever, at least contemporaneously, MM has been asso-
ciated with an increase in CNS-PTLD at major trans-
plantation centers. For example, nearly three-fourths 
of PTLD patients culled from the records of 11 French 
transplantation centers between 1976 and 1998 had 
their tumors develop in the late 1990s.9 In that cohort, 
7 of 10 patients had their lymphoma occur after their 
long-term immunosuppression was switched from aza-
thioprine to MM. In contrast, this type of “jump” has 
not been reported when prednisone and azathioprine 
was changed to muromonab-CD3.26

In support of our data regarding MM and PTLD-like 
disorders are two recent reports in addition to the report 
of Vernino et al.10 One described a 48-year-old woman 
who developed an EBV-associated B-cell lymphoma of 
the CNS one year after her immunosuppressive therapy 
for autoimmune skin disease was changed to MM. Dis-
continuation of her therapy led to a complete regres-

sion of the lymphoma.27 The second was a 58-year-old 
woman who developed a subacute mass lesion syndrome 
one year after MM was started for lupus nephritis.28 A 
brain biopsy revealed an EBV-positive DLBCL. Treat-
ment consisted of chemotherapy and MM withdrawal. 
Clinical follow-up was not provided in the report.

Because of a favorable toxicity profile, MM is now 
being used as steroid-sparing immunomodulatory ther-
apy in a variety of autoimmune disorders. MM may be 
associated with a higher incidence of PTLD and PTLD-
like disorders than other immunosuppressive agents, but 
this requires further study. Until that time, based on our 
experience presented herein, we recommend caution in 
patient selection for MM and strict surveillance of those 
patients with autoimmune disorders who receive MM.
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