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 ABSTRACT
Progressive multifocal leukoencephalopathy (PML), a rare, 
typically fatal, opportunistic infection caused by the JC 
virus, is becoming relevant to physicians in multiple special-
ties, including those who prescribe biologic agents for the 
treatment of autoimmune disorders. Reports of PML have 
led to US Food and Drug Administration alerts and warning 
letters regarding four immunosuppressive agents in recent 
years (natalizumab, rituximab, efalizumab, and mycophen-
olate mofetil). Consequently, informed clinical decision-
making requires understanding the risk of PML associated 
with these therapies. An estimate of the relative frequency 
of PML associated with specifi c rheumatic conditions has 
been generated. Systemic lupus erythematosus appears 
to be associated with susceptibility to PML that cannot 
be fully explained by the intensity of immunosuppressive 
therapy. Further, the use of rituximab in patients with 
rheumatic disease has raised concerns. However, defi ni-
tive attribution of cause is precluded by the limitations of 
the currently available data. All patients with rheumatic 
disease, regardless of the intensity of their current immuno-
suppressive therapy, should be considered potentially at 
risk of PML. With an evolving understanding of a greater 
clinical heterogeneity of PML, advances in diagnostic meth-
ods, and signifi cant implications for therapy, PML should 
be considered in the differential diagnosis of neurologic 
manifestations of rheumatic diseases.

P rogressive multifocal leukoencephalopathy 
(PML) is a rare, typically fatal, opportunistic 
infection caused by the JC virus (JCV). For-
merly an example of neurologic arcana, PML 

became an important clinical concern when it devel-

oped in patients with human immunodefi ciency virus 
(HIV) infection. More recently, PML has attracted the 
attention of rheumatologists following reports of its 
being associated with the use of targeted therapies such 
as natalizumab and rituximab.1

A recent survey of rheumatologists’ knowledge of 
and attitudes towards PML revealed that concerns over 
PML affect decisions on the use of biologic agents. Fur-
ther, rheumatologists have important real and perceived 
learning gaps regarding PML; for example, 41% of those 
surveyed could not identify the diagnostic test of choice 
for PML.2 

 PML IN RHEUMATIC DISEASES
The US Food and Drug Administration (FDA) issued 
an alert in December 2006 following documentation of 
two fatal cases of PML in patients with systemic lupus 
erythematosus (SLE), both of whom had been treated 
with rituximab.3 We subsequently performed a literature 
search to identify cases of PML associated with rheu-
matic diseases.1,4 Patients were included only if the 
information provided was suffi cient to substantiate the 
diagnosis of PML and the rheumatic disease in question; 
patients were excluded if they had HIV or cancer or had 
undergone organ transplantation. The search revealed 
50 patients with rheumatic diseases who had PML 
(Table 1); SLE was overrepresented (n = 32) despite 
a much lower population prevalence of SLE compared 
with rheumatoid arthritis. 

Examination of the immunosuppressive therapies pre-
scribed to these patients within 6 months of the onset 
of neurologic symptoms attributed to PML revealed that 
low-dose (≤ 15 mg/d) prednisone, with or without an 
antimalarial agent, was the only immuno suppressive 
therapy in 31% of patients with SLE and in 11% of 
patients with rheumatic diseases other than SLE. Three 
patients had no documented immuno suppressive ther-
apy in the 6 months prior to the onset of PML. Two 
patients with SLE were prescribed rituximab; no cases 
were reported in association with biologic therapies 
other than rituximab.4

In order to circumvent reporting bias, a nationwide 
hospital discharge database representing nearly 300 
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million patient discharges was used to determine the 
relative frequency of PML in patients with rheumatic 
diseases.5 Because of the reliance on diagnostic coding, 
rheumatic diseases were likely underreported in this 
sample; information on therapies was unavailable. After 
excluding patients who had HIV or cancer or were organ 
transplant recipients, four cases of PML were identifi ed 
per 100,000 SLE discharges. This rate was 10-fold higher 
than the rate associated with rheumatoid arthritis and 
20-fold higher than that of the background population.

These data show that PML is a rare occurrence in 
patients with rheumatic diseases, and SLE appears to be 
associated with a predisposition to PML. This predispo-
sition in patients with SLE does not appear to be propor-
tional to the degree of iatrogenic immuno suppression, 
emphasizing the role of host factors.

 DISEASE-MODIFYING DRUGS AND PML RISK
In addition to certain disease states, disease-modifying 
biologic drugs have recently been associated with rare 
instances of PML.

Rituximab
The fi rst case of rituximab-associated PML in the setting 
of rheumatoid arthritis was recorded in September 2008.6 
The patient had longstanding rheumatoid arthritis and 
Sjögren syndrome. She received four courses of ritux-
imab and was diagnosed with PML 18 months after the 
last dose; she died 1 month later. Her therapy for rheu-
matoid arthritis included a tumor necrosis factor (TNF) 
antagonist prior to rituximab initiation and treatment 
with methotrexate and steroids before, during, and after 
rituximab therapy. Oropharyngeal cancer developed in 
this patient 9 months prior to the onset of PML and was 
treated with chemotherapy and radiation therapy.

Another case of PML in a patient with rheumatic dis-
ease who had been treated with rituximab was notable 
because it was the fi rst in which the patient had not 
previously been treated with an anti-TNF agent.7

Ascertaining cause of PML in patients treated with 
rituximab is diffi cult because the potential pathogenic 
mechanism remains unknown. Humoral immunity is 
not protective against PML, leading to speculation 
that the loss of other B-cell functions, such as those of 
antigen-presenting cells or cytokine production, may 
lead to a defect in cell-mediated immunity. Another 
theory posits that reconstitution of naïve B cells with 
latent JCV infection following B-cell depletion from 
rituximab therapy may somehow facilitate the develop-
ment of PML.

Efalizumab
Efalizumab is a monoclonal antibody that targets 
CD11a, the alpha subunit of lymphocyte function–asso-
ciated antigen 1. Efalizumab blocks binding to intercel-

lular adhesion molecule 1, and thereby blocks T-cell 
adhesion and migration. CD11a is also expressed on a 
variety of other leukocytes and lymphocytes such as B 
cells, monocytes, and natural killer cells. 

Efalizumab was approved in 2003 by the FDA for the 
treatment of moderate to severe plaque psoriasis. It is 
estimated that 46,000 patients have been treated with 
efalizumab worldwide since its approval. In 2008, a black 
box warning was added to the efalizumab prescribing 
information following the occurrence of serious infec-
tions, including pulmonary tuberculosis, necrotizing 
fasciitis, and invasive fungal infections.8 Subsequently, 
four cases of PML, three of which were fatal, were 
reported in psoriasis patients treated with efalizumab. 
Of note, these were the fi rst cases of PML reported in 
patients with psoriasis. Of more concern, the affected 
patients were among a group of approximately 1,100 
patients who had been treated with efalizumab for more 
than 3 years. In February 2009, a public health advisory 
was issued by the FDA,9 and efalizumab was voluntarily 
withdrawn by its manufacturer 2 months later.

Belatacept
Belatacept is a recombinant soluble fusion protein of the 
extracellular domain of human cytotoxic T-lymphocyte 
antigen-4 with a fragment of a modifi ed Fc domain of 
immunoglobulin G1. Recently approved by the FDA for 
prophylaxis of renal transplant rejection, it is a second-
generation, higher-avidity version of abatacept. Abata-
cept is licensed for the treatment of rheumatoid arthritis 
and is under investigation for the treatment of vasculitis 
and SLE. Belatacept differs from abatacept by only two 
amino acids. 

TABLE 1
PML associated with rheumatic disease1,4

 No. (%) 
Rheumatic disease patients with PML*

Systemic lupus erythematosus 32 (64)
Idiopathic infl ammatory myositis 6 (12)
(5 dermatomyositis/1 polymyositis)
Rheumatoid arthritis 5 (10)
(1 with polymyositis overlap)
Wegener granulomatosis 4 (8)
Other† 3 (6)

* Confi rmed number of diagnoses of PML in patients with rheumatic disease 
reported in the English-language medical literature through April 2009.

† Sjögren’s syndrome and CD4 lymphopenia (n = 1), localized scleroderma 
and amyloidosis (n = 1), and destructive polyarthritis (+ANA, Jo1) with CD4 
lymphopenia (n = 1)

PML = progressive multifocal leukoencephalopathy
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Two cases of PML have been reported in association 
with belatacept, one in a patient following renal transplan-
tation and the other in a patient following liver transplan-
tation. Both patients had been treated with other standard 
immunosuppressive therapies for prophylaxis of organ 
transplant rejection, including mycophenolate mofetil. 

Mycophenolate mofetil
Mycophenolate mofetil is the prodrug of mycophenolic 
acid. Both have been the subjects of FDA alerts regard-
ing PML, based on a January 2008 report of 10 defi nite 
and 7 possible cases of PML occurring with mycophen-
olate mofetil. The patients affected included four with 
SLE, none of whom underwent a renal transplant.10

In a retrospective cohort study of 32,757 renal 
transplant patients, Neff et al11 found 14 cases of PML 
per 100,000 person-years among patients treated with 
mycophenolate mofetil following kidney transplant 
compared with none in patients who did not receive 
mycophenolate mofetil. It is diffi cult to ascertain risk 
with mycophenolate mofetil because it is standard 
therapy among renal transplant patients, leaving few 
patients in these groups unexposed.

Given the FDA alert with respect to mycophenolate 
mofetil and PML,10 the frequent use of mycophenolate 
mofetil in the setting of SLE, and the concerns about pos-
sible predisposition to PML among patients with SLE, it 
will be important to clarify the level of risk in patients 
with SLE who are treated with mycophenolate mofetil.

 AGGREGATE EXPERIENCE: 
REVIEW OF FEDERAL DATABASE

We examined the aggregate experience of PML in asso-
ciation with autoimmune disorders and biologic disease-

modifying antirheumatic drug (DMARD) exposures 
reported in the FDA Adverse Event Reporting System 
(AERS) database.12 A total of 19 confi rmed cases of PML 
in patients with rheumatic diseases were uncovered: 10 
in patients with SLE, 5 in patients with rheumatoid 
arthritis, 3 in patients with vasculitis, and 1 in a patient 
with dermatomyositis. The patients with PML included 
six who received rituximab for the management of rheu-
matic diseases (Table 2). In all six patients, rituximab was 
the most recently prescribed DMARD. Four cases were 
identifi ed in patients treated with anti-TNF therapy, 
but three of these had received anti-TNF therapy prior 
to rituximab, and the other was receiving concomitant 
cyclophosphamide for rheumatoid vasculitis.

Ten cases of PML were confi rmed with cyclophos-
phamide treatment, and cyclophosphamide was the 
most recent DMARD prescribed in two of these cases. 
Five cases were confi rmed with mycophenolate mofetil 
(in four of which it was the most recently prescribed 
DMARD) and six with azathioprine (in three of which 
it was the most recently prescribed DMARD).

Risk of PML with DMARD therapy
Rituximab. The confi rmation of six cases of PML among 
rituximab-treated rheumatoid arthritis patients is a 
source of concern. Nevertheless, PML is a rare adverse 
event. It occurs in fewer than 1 in 10,000 rituximab-
treated patients who have rheumatoid arthritis, among 
a total of approximately 130,000 such patients. A better 
understanding of the potential mechanism responsible 
for the increased risk of developing PML may help in risk 
prediction and to guide patient selection for this agent. 

Anti-TNF therapy. A paucity of confi rmed cases in 
patients treated with anti-TNF therapy argues against 
a signifi cant risk of PML associated with this therapy, 
especially considering the estimated 2 to 3 million rheu-
matoid arthritis patients who are receiving treatment 
with anti-TNF agents. A note of caution is sounded by 
a recent case report of PML in a rheumatoid arthritis 
patient. The patient had been treated with infl iximab, 
with the only background therapy being methotrexate.13 
Ongoing vigilance is therefore necessary.

Mycophenolate mofetil. All fi ve confi rmed cases of 
PML in mycophenolate mofetil-treated patients had 
earlier received treatment with cyclophosphamide. 
These data indicate no clear signal of excess risk with 
mycophenolate mofetil above that seen with other non-
biologic immunosuppressive agents, such as cyclophos-
phamide or azathioprine. 

 CONCLUSION AND RECOMMENDATIONS
PML has been reported in association with a variety 
of disease states, although a predisposition in patients 
with SLE has become apparent. Synthetic and biologic 
immunosuppressive therapies have also been impli-

TABLE 2
Immunosuppressive agents in patients with PML12

 Confi rmed*  Most recent
 (n = 19) DMARD

Rituximab 6 6
Anti-TNF therapy 4   1†

Abatacept 0 —
Cyclophosphamide 10   2†

Mycophenolate mofetil 5 4
Azathioprine 6 3
Other 10 4 

* Past or present treatment with the agents listed. All patients were treated with 
more than one agent.

†One patient on concomitant cyclophosphamide and infl iximab 
DMARD = disease-modifying antirheumatic drug; PML = progressive multifocal 
leukoencephalopathy; TNF = tumor necrosis factor
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cated, but PML may also occur in the setting of minimal 
iatrogenic immunosuppression. 

Until greater clarity can be achieved, all patients 
with systemic rheumatic diseases should be considered 
at risk for PML, regardless of the nature or intensity of 
their immunosuppressive therapy. In this context, dif-
ferentiating PML from neurologic syndromes related to 
the underlying rheumatic disease (eg, neuropsychiatric 
SLE, cerebral vasculitis) is critical, particularly given 
the markedly different approaches to management. 

PML should be considered in patients with unex-
plained subacute progressive focal and diffuse neurologic 
defi cits, especially if their clinical or radiologic status 
worsens in the face of increased intensity of immuno-
suppressive therapy. Spinal cord or optic nerve involve-
ment argues against PML. A normal magnetic resonance 
image (MRI) has a high negative predictive value, and 
frank infarction is not a feature of PML. In classic PML, 
contrast enhancement is typically absent and routine 
cerebrospinal fl uid (CSF) analysis is typically normal. 
However, contrast enhancement and edema on MRI, 
lymphocytic CSF pleocytosis, and elevated CSF protein 
may be seen in the more recently described “infl amma-
tory PML,” in which case the distinction from cerebral 
vasculitis or neuropsychiatric SLE may be more diffi cult. 
Angiography appears normal in patients with PML. 

The diagnostic test of choice is a polymerase chain 
reaction (PCR) assay for JCV in CSF. If the PCR is 
repeatedly negative, then a brain biopsy should be con-
sidered, especially in the setting of progressive neurologic 
decline in patients receiving immuno suppressive therapy. 

 DISCUSSION

Dr. Simpson: To what extent are these lesions in the 
brain being attributed to the underlying vasculitis, par-
ticularly in SLE, as opposed to pursuing a PML diagnosis, 
and how might this result in dramatic underreporting of 
the complication?

Dr. Molloy: We found that PML is almost certainly 
underdiagnosed, particularly in SLE patients. If a patient 
succumbs to assumed neuropsychiatric SLE, how often 
is an autopsy undertaken? One telling paper from Swe-
den documented four cases of PML in SLE patients.14 
In one of these, the diagnosis was made retrospectively 
from autopsy tissue that had been banked 20 years previ-
ously. It undoubtedly is underdiagnosed.

Dr. Calabrese: Even in the most recent rituximab-asso-
ciated cases of PML, several patients were empirically 
given additional immunosuppressive therapy because it 
was presumed that they had a comorbid neuropsychiat-
ric rheumatic complication. The presence of neuropsy-
chiatric complications ascribed to an autoinfl ammatory 
disease generally warrants escalation of immunosuppres-

sive therapy. It has always been standard practice for us 
to rule out opportunistic infection, but JCV infection 
has not been on the radar screen until very recently. 

Dr. Molloy: I’d like to emphasize that, in our literature 
review, 50% of the rheumatic disease patients diag-
nosed with PML had been treated with more intensive 
immuno suppressive therapy. It was only after they con-
tinued to deteriorate that JCV infection was suspected 
and PML ultimately diagnosed.

Dr. Berger: Is it fair to say that the incidence of PML 
in SLE is about 10 times that in rheumatoid arthritis?

Dr. Molloy: In the hospital discharge database, it was 
10-fold higher in SLE than in rheumatoid arthritis, but 
we can’t draw a conclusion from the AERS database 
because we don’t have a denominator. The database 
consists of voluntary submission of cases.

Dr. Calabrese: The information that we can expect to 
glean from the database is profoundly limited, for all the 
reasons that you enumerated. Despite the fl aws, we’re 
obligated to continuously examine it because sometimes 
a case or two may provide some special insight.

Dr. Simpson: As neurologists, we often lag behind 
rheumatologists in the use of new treatments, including 
intravenous immune globulin (IVIG) and now ritux-
imab. Rituximab is becoming the go-to drug for a num-
ber of neurologic diseases. I’m using it quite a bit and 
have observed some dramatic responses in patients with 
chronic infl ammatory demyelinating polyneuropathy, 
for example, in whom IVIG or plasmapheresis was fail-
ing. Anecdotally, some of the turnarounds in polymyo-
sitis and even myasthenia gravis are remarkable as well. 
I’m not sure to what extent neurologists—particularly 
peripheral neurologists—who use rituximab are recog-
nizing PML.

Dr. Fox: The index of suspicion is probably vastly dif-
ferent among multiple sclerosis (MS) specialists and 
general neurologists. Neurologists who treat MS will 
be acutely aware of PML because of its association with 
natalizumab.

Dr. Berger: Yes, but you’re talking about possibly two 
orders of magnitude difference between natalizumab and 
rituximab. In fact, PML is rarely reported in the setting 
of neurologic disease. It’s mostly reported in the setting 
of rheumatologic disease.

Dr. Rudick: I don’t necessarily agree with you. Ascer-
taining the true incidence of PML with agents other 
than natalizumab is diffi cult. One is unlikely to miss a 
case of PML in an MS patient treated with natalizumab, 
but most cases stemming from the use of these other 
disease-modifying drugs are probably being missed.
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Dr. Calabrese: I get two messages out of this body of 
work. Number one is that while PML is rare, it is seen 
across the spectrum of immunosuppressive agents, 
including biologic and nonbiologic drugs. Number two 
is that PML is seriously underreported and underrecog-
nized, which is probably leading to suboptimal patient 
care. Rituximab was recently approved for treatment of 
Wegener granulomatosis, and this disease is heavily pre-
treated with cyclophosphamide. You would expect that 
PML is on the radar among clinicians caring for patients 
whose diseases warrant the use of increasingly complex, 
potent, and novel immunosuppressives. 

Dr. Berger: There is one other biologic agent you left 
out—alemtuzumab. It wipes out all of the B cells and T 
cells; the B cells repopulate but the T cells remain sup-
pressed for a long period. If ever there was a drug whose 
action mirrors what happens in HIV, alemtuzumab is 
that drug. Yet, PML is rarely seen with alemtuzumab. 
Alemtuzumab-associated PML has not been reported in 
the MS population, and it has only been seen in two 
transplantations that I’m aware of. I’m not saying that 
it doesn’t occur, but we’re not seeing it with the same 
frequency that one would predict given its profi le.
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