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ABSTRACT
Progressive multifocal leukoencephalopathy (PML) is an opportunistic infection associated with the reactivation of 
the JC virus, causing a severe demyelination within the central nervous system in patients with immunosuppres-
sion caused by disease or secondary to use of drugs. Several therapies used in the treatment of MS have reported 
cases of associated PML, most cases being related to Natalizumab treatment.
In this article we review specifi c MS medication with a reported risk for PML, and also revise PML epidemiology, 
pathogenesis, treatment and available approaches on therapy in patients at high risk for developing this infection.
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INTRODUCTION

PML is an opportunistic infection associated 
with the reactivation of the John Cunningham Vi-
rus (JCV), causing a severe demyelination within 
the central nervous system. (1).The JC is a ubiqui-
tous non-enveloped double-stranded DNA-virus of 
the Polyomaviridae genus, 50-86% of general pop-
ulation having positive antibodies. (1,4,16,37)

The infection was initially described in 3 pa-
tients with lymphoproliferative disorders in the 
1960s, afterwards reported in patients with severe 
immunosuppression caused by malignancies, gran-
ulomatous infl ammatory diseases, solid organ 
transplant recipients or secondary to the use of cer-
tain immunosuppressing drugs. Most cases were 
associated with HIV-infection prior to the introduc-
tion of highly aggressive antiretroviral therapy 
(HAART) when its’ prevalence among these pa-
tients dropped from 5% to 1.3%. (2)

Other neurological disorders related to the reac-
tivation of the JC virus have been described includ-
ing JC encephalopathy, JC meningitis and JC cere-
bellar granule cell neuronopathy. (4-8,16,37)

Interest in JC infections and especially PML has 
increased considerably since 2005, when fi rst cases 
were described in patients with Crohn and multiple 
sclerosis treated with Natalizumab.

In contrast to the classic PML, the form associ-
ated to Natalizumab treatment and HAART has an 
important infl ammatory component described as 
the immune reconstitution infl ammatory syndrome 
(IRIS) demonstrated by contrast enhancement of 
PML lesions on brain MRI; even if this form is con-
sidered to have a better prognosis, high mortality is 
still a concern with a reported rate of 23% among 
these patients. (4,9-10,37)

In the past years, new treatments for multiple scle-
rosis were introduced, with good control on disease 
clinical and imagistic activity, but emerging evidence 
report cases of PML associated with these drugs.
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After reviewing the available literature we focus 
on multiple sclerosis disease modifying therapies 
with reported cases of PML, PML pathology, diag-
nosis and available treatment. 

THEORIES ON PML PATHOGENESIS

The exact mechanism of infection is unknown 
and many theories are emerging. It is considered 
that the primary infection occurs during childhood 
and young adulthood via a respiratory or oropha-
ryngeal route, with minimal or no symptoms. JC 
virus appears to bind to the cell surface by sialic 
acid receptors which are linked to the serotonin re-
ceptor 5HT2a. This is followed by blood dissemi-
nation of the virus and establishment in lymphoid 
organs and kidneys, where the virus remains in a 
latent form, having intermittent urinary excretion. 
The virus has the ability to rearrange its genome 
into a neurotropic strain. It is considered that in pa-
tients with severe cellular immunosuppression de-
termined by disease or secondary to the use of medi-
cation, the virus with a high tropism for the brain, 
migrates and infects predominantly the oligodendro-
cytes, determining the characteristic demyelinating 
lesions because of the ineffective immune surveil-
lance and elimination of the infection. (37,38)

Demyelinating lesions involve the subcortical 
white matter, white and grey matter junction and 
also the cortex, the intracortical ones being of small 
dimensions and numerous as described in the latest 
pathology studies. (4,11)

Another hypothesis points to the role of B lym-
phocytes in the pathogenesis of PML, suggesting 
that these cells could be the site of the virus estab-
lishment, replication and molecular shift to the neu-

rotropic strain, thus providing the way for the virus 
to enter the brain, a theory also supported by the 
high prevalence of PML in B-cell disorders and by 
Natalizumab’s mechanism of action. (1,4,11,16)

CLINICAL AND IMAGING FEATURES OF PML

PML usually manifests as subacute neurological 
defi cits in a patient with severe immunosuppres-
sion, in our case a patient with Natalizumab treat-
ment and with risk factors associated; depending 
on location of the lesion within the CNS, initial 
symptoms may vary, but altered mental status, mo-
tor defi cits (hemiparesis or monoparesis), limb 
ataxia, gait ataxia, visual symptoms, aphasia or sei-
zures should alert the attending physician to further 
investigate these patients. As the name implies, the 
evolution is progressive and multifocal, has a high 
mortality rate and survivors are left with moderate 
to severe disability in nearly 80% of cases. (1,4, 
12,16,37)

Natalizumab-associated PML has a better prog-
nosis than PML in HIV-patients, survival with 
treatment being reported in 75% of diagnosed cas-
es. (12,16,37)

PML has a typical appearance on MRI, compris-
ing symmetrical or asymmetrical multifocal areas 
of demyelinization that do not conform to vascular 
territories, nor have surrounding edema in the clas-
sical form; they usually don’t enhance, except in 
the cases associated with the immune reconstitu-
tion infl ammatory syndrome, typical of Natalizum-
ab-associated PML, when also mass effect can be 
present. PML lesions may be hyperintense on DWI, 
uni- or bilateral and preferentially located in the 
periventricular areas, subcortical white matter, 

Characteristi cs MS Relapse PML
Clinical 
presentati on

Diplopia, opti c neuriti s, paresthesia, mono-, 
hemi- or paraparesis

Commonly behavioral, psychiatric, retrochiasmal visual defi cits, sei-
zures, aphasia, hemiparesis

Evoluti on Hours to days, normally stabilizes and usually 
can resolve without treatment

Progressive over days to weeks

Appearance Smaller, ovoid-shaped, well defi ned lesions Large, uni/multi focal white matt er lesions (> 3 cm), with sharp bor-
ders towards grey matt er and ill-defi ned toward the white matt er; 
oft en surrounded by smaller T2 punctate lesions

Locati on Supratentorial: in the periventricular white 
matt er – Dawson’s fi ngers, deep white matt er, 
juxtacorti cal or infratentorial: cerebellum, spi-
nal cord, the brainstem

Predominantly in the subcorti cal white matt er of the frontal lobes, 
can aff ect parietal, occipital lobes, can follow white matt er tracks, 
cross the corpus callosum; internal capsule, rarely within the brain-
stem or cerebellum, uncommon in the spinal cord

FLAIR Hyperintense equal to T2 appearance Hyperintense, more sensiti ve for detecti on of PML lesions in subcor-
ti cal areas

Mass eff ect Larger lesions may show slight mass eff ect Mass eff ect not typical; PML-IRIS may exhibit edema and mass eff ect
Contrast 
enhancement

Acute lesions will enhance; C-shaped or nodu-
lar enhancement 

40-50% of Natalizumab – associated PML enhance; patt ern may be 
patchy, punctate, or rim-like

TABLE 1. Clinical and MRI differences in MS relapse versus PML – Modifi ed from (16) and (37)
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brainstem, pyramidal tracts, and cerebellum or may 
involve the corpus callosum; of note, the cortical 
areas of demyelination are not seen on convention-
al MRI. (4,13-16,37)

In multiple sclerosis patients a very important 
and in the same time diffi cult task for the neurologist 
is to distinguish between a disease relapse and PML 
initial symptoms; the following table consists of 
clinical and imaging data that could give physicians 
a hint when discerning between the two entities (Ta-
ble 1).

PML DIAGNOSIS

In patients with a suggestive clinical and imagis-
tic setting, in our case MS patients with Natalizumab 
treatment and risk factors associated with this medi-
cation, PML can be diagnosed using the polymerase 
chain reaction to demonstrate the presence of the 
JCV DNA in the CSF; the PCR has a sensitivity of 
72-92% and a specifi city of 92-100%. (16)

Following the algorithm (Fig. 1), in the case of 
negative PCR, the recommendation is to take into 

consideration differential diagnosis, but also to re-
peat the evaluation; in the case of unrevealing re-
sults, brain biopsy should be performed, this re-
maining the gold standard for defi nite diagnosis 
– sensitivity of 64-96% and a specifi city of 100%, 
but rarely needed. (16,17,37)

NEW MULTIPLE SCLEROSIS TREATMENTS 
ASSOCIATED WITH PML

Widely used immunomodulatory agents for treat-
ment of RRMS including IFN- 1a, IFN- 1b, and 
glatiramer acetate, were proved to have benefi cial 
effect on patients suffering from multiple sclerosis. 
No risk of PML was demonstrated after prolonged 
use of this medication, however, with the introduc-
tion of new effi cient therapies, the development of 
PML became a concern for these patients.

Drugs associated with PML in MS patients in-
clude natalizumab, fi ngolimod and dimethyl fuma-
rate. Another drug used for treatment of RRMS, 
Alemtuzumab, was linked to cases of PML in other 
diseases. (38)

FIGURE 1. Algorithm for diagnosing progressive multifocal leukoencephalopathy
FLAIR: fl uid-attenuated inversion recovery; JCV: JC virus; PML: progressive multifocal 
leukoencephalopathy; PRES: posterior reversibile encephalopathy syndrome; VZV: varicella-
zoster virus.
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Natalizumab
Natalizumab was fi rst introduced as treatment 

for RRMS in 2004, shortly removed from the mar-
ket due to PML development, but because of its 
proven effi cacy – 68% decrease in relapse rate and 
40% reduction of disability development – it was 
re-introduced in 2006.

Natalizumab is a humanized monoclonal anti-
body targeting VLA4-Integrins (α4β1-integrin), in-
hibiting leukocytes adhesion and transmigration 
across the blood-brain barrier into the central ner-
vous system, thus preventing the specifi c infl am-
matory events leading to the development of mul-
tiple sclerosis lesions. It was proven that 
Natali zumab also affects active central nervous 
system infl ammation, mediated by the leukocytes 
already present in the CNS, by blocking the inter-
ference between α4β1 integrin-expressing leuko-
cytes and extracellular matrix proteins such as fi -
bronectin and osteopontin (14-16,18,38)

By September 2015, 142,000 patients with MS 
received treatment with Natalizumab, and 585 cases 
of PML were reported so far. This led to an overall 
PML incidence in Natalizumab receiving patients of 
4.12/1,000 cases (95% CI 3.71 to 4.36/1,000 patients).

Specifi c risk factors are now known to increase 
the incidence of PML in this group of patients. These 
include: prior history of JCV infection by detecting 
the presence of JCV antibodies; prior exposure to 
immunosuppressing therapy and the use of Natali-
zumab for more than 24 months, the latter being 
proven to increase the risk of developing PML from 
1/10,000 to 1/1,000 following 2 years of treatment. 
The last risk factor is the titre level of JCV antibodies 
in the blood, a level of below 1.5 being considered as 
low risk for developing PML (Fig. 2). (19,37)

Up to this moment, 23% of the 585 patients di-
agnosed with PML have died and 77% are alive 
with varying disability levels.

Even though PML incidence is considered low, 
current protocols recommend periodic monitoring 
by MRI and serological testing of JCV antibodies 
at 6 months of treatment. Alternative therapies 
should be considered if seroconversion occurs and 
the patient has a high-risk profi le (JCV antibodies 
>1.5, treatment with Natalizumab >24 months). 
(4,16,19,27,37,38)

Natalizumab-associated PML treatment
To date there is no specifi c treatment of PML, all 

the measures and medication used in the setting of 
this disease has the purpose of restoring the pa-
tient’s immune system in order to naturally fi ght 
and eliminate the virus.

In MS patients on Natalizumab, this means the 
immediate discontinuation of Natalizumab fol-
lowed by a fi ve-day regimen of plasma exchange in 
order to increase the elimination of the medication 
from the patient’s system; taking into consideration 
the probable role of the 5HT1A receptor in the in-
fection, mirtazapine is recommended in addition, 
using a daily dosage of 15-45 mg (grade 2C recom-
mendation). (22,37)

 In these patients with PML, IRIS should be ex-
pected during the 3-6th week after plasma exchange, 
in its most severe form producing a rapid neuro-
logical degradation and evidence of extensive brain 
swelling on MRI; only in the setting of both – neu-
rological and MRI deterioration, should glucocorti-
coids be added to the therapy. Multiple regimens of 
high dose intravenous glucocorticoids can be used, 
dexametasone 32 mg/daily divided in 4 doses for 2 
weeks or methylprednisolone 1 g/daily for 5 con-
secutive days, followed by slow oral taping of the 
treatment. (16,20,21)

Maraviroc, a CCR5 receptor antagonist used in 
the treatment of HIV, has results documented in 2 
case reports: one in a patient treated for PML-asso-
ciated to Natalizumab use and another one in a 
HIV-positive patient, the used dosage in both cases 
being 600 mg/daily. In a third case of natalizumab-
associated JCV granule cell neuronopathy, maravi-
roc treatment was not associated with improve-
ment; new data is needed to document the possible 
use of maraviroc in treating these patients. (37)

A new approach on this potentially fatal disease 
is coming from Prof. Roland Martin’s group from 
the University of Zürich, who is working on devel-
oping an active vaccine: “We made a major break-
through, we managed to isolate antibody producing 
cells from a patient who survived PML and use 
them to produce neutralizing antibodies against the 
JC virus. These human antibodies have a major ad-
vantage: they recognize the most important mu-
tants of the JC virus that can cause PML. They now 
make promising candidates for the development of 
a treatment for PML.” (23,24)

The prognostic factors identifi ed so far are: pa-
tient’s age, the level of MS disability previous to 
the infection and early detection in the form of ra-
diologically isolated PML; localized disease on 
MRI – unilobar versus multilobar infection has an 
overall survival of 85% versus 66% for the multilo-
bar form. (16,37)

PML associated with Natalizumab treatment has 
a better prognosis than that occurring in HIV-pa-
tients, 80% of those diagnosed remaining alive one 
year after diagnosis but more than half of them with 
moderate to severe neurological disability.
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Fingolimod
Fingolimod is an oral approved fi rst line therapy 

for RRMS in 2010. The molecule is phosphorylated 
to its active form resembling sphingosine 1-phos-
phate (S1P), and acts as an agonist to S1P receptors 
(S1P1, S1P3, S1P4, S1P5). S1P is a cell membrane 
component that makes-up to 25% of the lipid in the 
myelin sheath and regulates cell proliferation and 
movement but also has pronounced effects on im-
mune function and lymphocyte migration.

Fingolimod’s high affi nity to S1P receptors in-
duces their down-regulation, thus blocking the 
lymphocytes within the lymphoid tissue and reduc-
ing auto-aggressive cell infi ltration into the central 
nervous system. It also crosses the blood brain bar-
rier and, in vitro studies have shown that when it 
binds to oligodendrocytes it protects them from cell 
death and also promotes processes involved in re-
myelination. (25,26)

To date 3 cases of PML related to Fingolimod 
treatment were reported in an estimated 125,000 
MS patients receiving this treatment.

The fi rst PML case identifi ed was in early 2015 
in a 49 years old patient with a history of MS of 5 
years, had previous treatment with interferon and in 
the last.

4 years was treated with Fingolimod. Lesions 
suggestive for PML were described on a routine 
MRI, while no clinical signs were present; the lum-
bar puncture with PCR analisys of CSF for JCV 
DNA was positive. (38)

Another PML case, also reported in 2015, was 
in a 54 years old male that had MS for 14 years, had 
DMT with interferon for 12 years (IFN-1b) and 
had JCV positive antibodies since 2012. He also 
had a history of ulcerative colitis treated with me-
salamine. He was switched to Fingolimod and re-
ceived treatment for 2.5 years before presenting to 
the ER accusing cognitive impairment, motor ina-
bility and spastic hemiparesis, symptoms that oc-
curred 3 weeks before admission. Of note in this 
case is that the patient presented lymphopenia since 
the beginning of his treatment with Fingolimod 
(330-550/mm3).

In both cases fi ngolimod was discontinued.
The third case of PML was recently reported in 

a patient diagnosed with Crohn’s disease and a his-
tory of colorectal cancer for which he received 
chemo and radiotherapy; no additional details are 
available at this moment.

So far, 11 other cases of PML are reported after 
switch from Natalizumab to Fingolimod. All pa-
tients had exposure to Natalizumab for a median of 

5 years and, all of them presented positive JCV an-
tibodies prior to switching to Fingolimod. There-
fore it is diffi cult to determine whether the infec-
tion was related to the new therapy or was 
subsequent to the Natalizumab use. (25,26,38)

Dimethyl Fumarate
Dimethyl fumarate is an oral administered ther-

apy approved as fi rst line treatment for RRMS. The 
molecule has immunomodulatory and neuroprotec-
tive effects by activating the nuclear factor (eryth-
roid-derived 2)-like 2 (Nrf2) antioxidant response 
pathway, therefore promoting the cells anti-oxidant 
and protective mechanisms. An in vitro model stud-
ied the effects of dimethyl fumarate and concluded 
that it actually causes a short period of oxidative 
stress resulting in intraneuronal synthesis of glu-
tathione antioxidant (GSH) mediated through the 
Nrf2 pathway. Other research groups have pro-
posed additional dimethyl fumarate actions medi-
ated through nitric oxide, interleukins, tumor ne-
crosis factor (TNF-α) or other cytokines. (28-30)

Dimethyl fumarate has been in use for many 
years in treatment of dermatologic diseases; the 
fi rst case of PML occurred in a patient with psoria-
sis. The patient was of a 42 years old female with a 
5 years exposure to dimethyl fumarate (420 mg/
daily), who presented with right 6 moths-progres-
sive hemiparesis. MS was suspected in this case, 
but MRI scan revealed lesions suggestive for PML 
and the lumbar puncture confi rmed presence of 
JCV antibodies; there was associated lymphopenia 
(200/mm3). 

To date, 4 cases of PML were reported in psoria-
sis patients receiving dimethyl fumarate including 
the case presented above, with two of them having 
other possible predisposing conditions, sarcoidosis 
with immunosuppressive previous treatment and 
colorectal cancer respectively. (38)

A single case of PML was reported in a patient 
with defi nite MS receiving dimethyl fumarate. It 
was the case of a 54 years old female, that had a 12 
years history of MS, underwent treatment with 
glatiramer acetate for 2 years, then was switched to 
dimethyl fumarate when she was enrolled in the 
DEFINE trial. She received 240 mg of dimethyl fu-
marate three times per day for 4.5 years; lymphope-
nia was present for 3 years (290-580/mm3). She had 
good control of her illness until 2014 when she de-
veloped gait instability, speech disturbance and had 
left arm uncoordinated movements. A MS relapse 
was considered and she was treated with methyl-
prednisolone but with no clinical response, fol-
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lowed by plasma exchange. MRI and CSF evalua-
tion diagnosed the patient with PML. (38)

To conclude, 155.000 MS patients received 
treatment with Dimethyl fumarate to this date and 
only one case of PML was described in these pa-
tients.

Alemtuzumab
Alemtuzumab is a monoclonal antibody that tar-

gets CD52 cell surface glycoprotein. It is indicated 
as treatment in patients diagnosed with RRMS that 
present with inadequate response to 2 or more dis-
ease modifying therapies. 

Alemtuzumab has a long-lasting effect due to its 
depletion of CD52 bearing B and T cell thought 
antibody-dependent cell-mediated cytolysis and 
complement-dependent cytolysis. (31,32)

There are no PML cases reported so far in MS 
patients receiving Alemtuzumab; however there 
are 57 patients that presented with PML after being 
treated with this medication for chronic lympho-
cytic leukemia (55) and lung transplant (2). The 
particularity of these cases was that PML onset was 
at approximately 1 month after treatment initiation. 
(32,38)

High risk patients monitoring – what to do 
upon discontinuation of Natalizumab

While the incidence of PML is low considering 
the number of MS patients that undergo DMT, it 
must be taken into consideration when recommend-
ing a treatment plan.

Some risk factors have already been described 
associated with Natalizumab treatment, this mean-
ing that there is a need for safe and effective alter-
native DMT to control disease activity upon dis-
continuation of Natalizumab.

The TOFINGO study published in July 2015 
evaluated the effi cacy of switching patients from 
Natalizumab to Fingolimod within a specifi c time 
frame since the last infusion. 142 patients were en-
rolled, of which 112 (78.9%) completed the study; 
they were separated into 3 groups according to the 
beginning of their Fingolimod treatment which was 
at 8, 12 and 16 weeks after last Natalizumab infu-
sion. The study concluded that initiating Fingoli-
mod therapy at 8-12 weeks since last Natalizumab 
infusion is associated with lower risk of MRI and 
disease relapse than after 16 weeks. (33)

Another study published in May 2015 by Carlo 
Tornatore, et. al., now in extension, evaluated the 
effi cacy of switching from Natalizumab to Dimeth-
yl Fumarate. It evidenced several risk factors that 
might infl uence the diseases stability when switch-

ing therapy: age (<60 years of age were 1.8x more 
likely to be unstable), sex (female patients were 
2.9x more likely to be unstable) and treatment gap 
(8 or less weeks between Natalizumab and Dimeth-
yl fumarate did not modify the disease stability. In 
conclusion the study proved that the majority of pa-
tients remained stable when switching from Natali-
zumab to Dimethyl Fumarate and the extension of 
this study is now in course to evaluate the MRI 
changes and relapse rate after the switch. (34)

An ongoing study that began in September 2015 
by Northwestern New York Multiple Sclerosis 
Center is analyzing the effectiveness of switching 
MS patients treated with Natalizumb at risk for 
PML to Terifl unomide within the fi rst 4 weeks after 
stopping the infusions. The study has so far recruit-
ed 15 patiens and the 6 months interim analysis 
showed that 13 of the 15 patients have stable MRI 
parameters with no new T2 enlarging hyperintensi-
ties. Although 2 patients presented contrast-en-
hancing lesions, terifl unomide was continued, in 
one case accompanied by short-term intravenous 
corticosteroids. There are no signs of PML in nei-
ther of the recruited cases. In conclusion the admin-
istration of Terifl unomide within the fi rst 4 weeks 
form the last Natalizumab infusion proved safe and 
effective. (35)

Another theoretical model proposed by Prof. Dr. 
Gavin Giovannoni, is to switch patients from Natali-
zumab to Alemtuzumb. 3 scenarios are described 
based on risk of PML development. The fi rst sce-
nario was to immediately switch asymptomatic PML 
risk patients directly from Natalizumab to Alemtu-
zumab after a control MRI and CSF analysis – this is 
considered of being of high risk if carry-over PML 
develops. The second propose scheme, considered to 
be of intermediate risk, was to stop Natalizumab, 
have a 3 months gap during which Natalizumab will 
wash-out, have a baseline MRI, determination of 
JCV serology and then start of Alemtuzumab thera-
py. The last scenario, implies using a bridging thera-
py of 6-12 months with oral agents between Natali-
zumab last infusion and starting treatment with 
Alemtuzumab. It is theoretically considered to be of 
low risk, of low effi cacy when considering disease 
relapses and also at risk of PML for using Alemtu-
zumab after the bridging agent. (36)

CONCLUSION

Several drugs used in MS treatment (Natalizum-
ab, Alemtuzumab, Fingolimod, Dimethyl Fuma-
rate) have reported cases of associated PML, most 
cases being secondary to Natalizumab treatment. 
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Risk factors have been identifi ed in order to 
evaluate PML risk in patients treated with Natali-
zumab (previous exposure to immunosuppressive 
medication, history of JC infection, Natalizumab 
use for more than 2 years and titre level of JCV 
antibodies), but no defi nite risk factors for the other 
drugs used to treat MS with reported cases of JC 
virus reactivation. Prolonged lymphopenia and an 
antibody index of >0.9 appear to favour PML de-
velopment.

Routine screening of the antibody status and 
MRI should be performed in these patients.

To date, there is no specifi c treatment for this 
condition, MS medication causing the complica-
tion needs to be discontinued and the measures and 
drugs used has the role of restoring the patient’s im-
mune system in order to naturally fi ght and elimi-
nate the virus.

Even if PML remains a rare complication in this 
setting, its course is usually severe, having a report-
ed mortality rate of 23% and more than half of its 
survivors have moderate to severe neurological dis-
ability.
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