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Abstract
Objective: As of 3 September 2013, 399 cases of natalizumab-associated progressive multifocal leukoencephalopathy (PML) were confirmed in multiple
sclerosis (MS) patients. We evaluated outcomes of natalizumab-treated MS
patients who were asymptomatic at PML diagnosis. Methods: Analyses included
data available as of 5 June 2013. Asymptomatic patients diagnosed with PML
by magnetic resonance imaging (MRI) findings and JC virus DNA detection in
the central nervous system were compared with patients presenting with symptoms at diagnosis. Demographics, MRI, and survival over 12 months were analyzed. Expanded Disability Status Scale (EDSS) and Karnofsky Performance
Scale (KPS) scores were recorded pre-PML, at diagnosis, and at 6 and
12 months post-diagnosis. Results: A total of 372 PML cases were analyzed; 30
patients were asymptomatic and 342 were symptomatic at PML diagnosis. Classifications of PML lesions on MRI in asymptomatic versus symptomatic
patients were unilobar in 68% versus 37%, multilobar in 21% versus 24%, and
widespread in 11% versus 40%. In both groups with unilobar lesions, frontal
lobe lesions predominated. Prior to PML, mean EDSS and KPS scores were
similar for asymptomatic and symptomatic patients. At diagnosis, mean EDSS
score was significantly lower for asymptomatic patients (4.1; n = 11) than for
symptomatic patients (5.4; n = 193; P = 0.038). Six months after PML diagnosis, asymptomatic patients had less functional disability than symptomatic
patients. As of 5 June 2013, 96.7% of asymptomatic patients and 75.4% of
symptomatic patients were alive. Interpretation: PML patients asymptomatic at
diagnosis had better survival and less functional disability than those who were
symptomatic at diagnosis.

Introduction
Natalizumab, a monoclonal antibody directed against a4
integrin, is approved for the treatment of relapsing forms
of multiple sclerosis (MS) based on its efficacy in reducing clinical relapses, disability progression, and magnetic
resonance imaging (MRI) disease activity measures.1–4 As
of 30 September 2013, natalizumab has been used to treat
120,500 patients, corresponding to 313,560 patient-years
of exposure.5 Natalizumab treatment is associated with an
increased incidence of progressive multifocal leukoencephalopathy (PML), a rare, demyelinating opportunistic

infection of the central nervous system (CNS) caused by
the JC virus (JCV).6–8 Established risk factors for natalizumab-associated PML include the presence of anti-JCV
antibodies in the blood, prior immunosuppressive (IS)
therapy, and duration of natalizumab treatment greater
than 2 years.9 Patients who are anti-JCV antibody negative are at a very low risk of PML (1/10,000). In patients
who are anti-JCV antibody positive, PML risk is stratified
based on prior IS use and treatment duration.5,9
As per recently published criteria by the American
Academy of Neurology, a confirmed diagnosis of PML
requires the presence of 3 factors: clinical symptoms, MRI
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findings suggestive of PML, and the presence of JCV
DNA in cerebrospinal fluid (CSF) or brain tissue samples.10 MRI findings suggestive of PML in combination
with JCV detection in the CSF but in the absence of
symptoms leads to a classification of “probable PML.”10
However, cases of asymptomatic PML can be considered
confirmed PML based on an alternative PML classification scheme (Data S1).11
There is increasing evidence that enhanced clinical vigilance including MRI, early PML diagnosis, suspension of
natalizumab treatment on suspicion of PML, and treatment of PML complications may optimize outcomes in
patients with natalizumab-associated PML.12,13 In an
analysis of 35 cases of natalizumab-associated PML, a
shorter time from symptom onset to PML diagnosis and
localized disease on MRI at diagnosis were associated with
improved survival.14
Despite the heterogeneous MRI findings in natalizumab-associated PML patients, MRI has been the most
sensitive method for detecting PML before clinical symptoms occur.15,16 The utility of routine MRI for monitoring natalizumab-treated patients has been highlighted in
several recent case reports and case series.15,17–25 In some
reports, patients were diagnosed with PML in the absence
of clinical symptoms when radiologic signs of PML were
detected on routine MRI and confirmed by JCV DNA
detection in the CSF by polymerase chain reaction.17,18,21,23,24 In others, MRI findings consistent with
PML were retrospectively identified on MRI scans
obtained several months before clinical symptoms of PML
were apparent.19,20,25
The clinical relevance of early PML detection by MRI
in asymptomatic patients in terms of its potential association with better survival and/or functional outcomes is
unknown. The aim of this study was to analyze all available cases of natalizumab-associated PML as of 5 June
2013, and compare demographic and clinical characteristics, MRI findings, functional status, and survival over
12 months between asymptomatic patients and patients
who were symptomatic at the time of PML diagnosis.

Treating physicians were queried at the time of PML case
confirmation and every 6 months thereafter for up to
24 months post-PML diagnosis using a standardized
PML data collection tool (DCT; Table S1) designed to
capture specific information regarding the patient’s PML
disease status, vital status (alive or deceased), and additional retrospective data pertinent to the patient’s medical
history (e.g., age, gender, MS disease duration, natalizumab exposure, serostatus of anti-JCV antibody, and
prior IS use). Data were supplemented by details captured in the natalizumab global safety database. Some
treating physicians also provided PML patient information at intervals apart from, and in addition to, the
6-month DCT schedule.
Functional disability status was also assessed by the
treating physician using the Expanded Disability Status
Scale (EDSS, Table 1)26 and/or the Karnofsky Performance Scale (KPS, Table 2).27 EDSS and KPS scores were
assessed pre-PML (on natalizumab therapy), at PML diagnosis, and at 6 and 12 months post-PML diagnosis.
MRI examinations were performed at 1.5 or 3 T using
protocols specified at the local site. All examinations
included axial fluid attenuated inversion recovery (FLAIR)
and/or axial dual echo spin-echo proton-density and
T2-weighted images. All available MRIs and MRI reports
were reviewed by an individual board-certified radiologist.
A subset of the MRI data was also evaluated by an external advisory board15 and a reference center (Image Analysis Center, VU University Medical Center Amsterdam,
The Netherlands). The classification of PML lesions on
MRI based on review of the MRI reports provided was
as follows: unilobar (confined to 1 lobe), multilobar
(involving 2 or more contiguous lobes), or widespread
(involving 2 or more noncontiguous lobes and/or present
in both hemispheres).28

Methods

Statistical analyses

Confirmation of PML
The diagnosis of PML was confirmed by either a positive
brain tissue examination showing evidence of viral cytopathic changes on hematoxylin and eosin staining associated with either positive immunohistochemistry for SV40
or in situ hybridization for JCV DNA, or by the presence
of JCV DNA in CSF and consistent MRI findings.
If a patient had clinical symptoms, the patient was classified as symptomatic at the time of PML diagnosis. If the
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patient did not have clinical symptoms, the patient was
classified as asymptomatic at the time of PML diagnosis.

Clinical and radiological assessments

Categorical variables were presented as frequencies; continuous variables were reported by mean, median, and
range. Functional outcomes, as assessed by available EDSS
and KPS scores, were compared in asymptomatic and
symptomatic PML patients at each time point using a
Mann–Whitney-Wilcoxon test.29,30 Polynomial regression
using the locally weighted scatterplot smoothing (LOWESS) algorithm was employed to evaluate functional outcome over time.31 All tests of statistical significance
assumed a 2-sided alternative hypothesis and a 0.05
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Table 1. Expanded Disability Status Scale.

Table 2. Karnofsky Performance Scale.

EDSS score

Description

Progression

Score

Description

0.0
1.0
1.5
2.0
2.5
3.0

Normal neurological exam
No disability, minimal signs on 1 FS
No disability, minimal signs on 2 of 7 FS
Minimal disability in 1 of 7 FS
Minimal disability in 2 FS
Moderate disability in 1 FS; or mild disability in 3–4 FS,
though fully ambulatory
Fully ambulatory but with moderate disability in 1 FS;
mild disability in 1 or 2 FS; moderate disability in 2 FS;
or mild disability in 5 FS
Fully ambulatory without aid, up and about 12 h a day
despite relatively severe disability; able to walk
without aid 500 m
Fully ambulatory without aid; up and about much of
the day; able to work a full day; may otherwise have
some limitations of full activity or require minimal
assistance; relatively severe disability; able to walk
without aid 300 m
Ambulatory without aid for about 200 m; disability
impairs full daily activities
Ambulatory for 100 m; disability precludes full daily
activities
Intermittent or unilateral constant assistance (cane,
crutch, or brace) required to walk 100 m with or
without resting
Constant bilateral support (cane, crutch, or braces)
required to walk 20 m without resting
Unable to walk beyond 5 m even with aid, essentially
restricted to wheelchair, wheels self, transfers alone;
active in wheelchair about 12 h a day
Unable to take more than a few steps; restricted to
wheelchair; may need aid to transfer; wheels self,
but may require motorized chair for full day
Essentially restricted to bed, chair, or wheelchair,
but may be out of bed much of day; retains self-care
functions; generally effective use of arms
Essentially restricted to bed much of day; some effective
use of arms; retains some self-care functions
Helpless bed patient; can communicate and eat
Unable to communicate effectively or eat/swallow
Death due to MS

Mild

100

Normal; no complaints; no
evidence of disease
Able to carry on normal activity;
minor signs or symptoms of
disease
Normal activity with effort;
some signs or symptoms of
disease
Cares for self; unable to carry
on normal activity or do
active work
Requires occasional assistance;
able to care for most personal
needs
Requires considerable assistance
and frequent medical care
Disabled; requires special care
and assistance
Severely disabled; hospital
admission is indicated; death
not imminent
Very sick; hospital admission
necessary; active supportive
treatment necessary
Moribund; fatal processes
progressing rapidly
Death

3.5

4.0

4.5

5.0
5.5
6.0

6.5
7.0

7.5

8.0

8.5
9.0
9.5
10.0

EDSS, Expanded Disability Status Scale; FS, functional scale(s); MS,
multiple sclerosis.
Source: Kurtzke.26

significance level uncorrected for multiple comparisons.
All analyses were conducted using SAS/STAT software,
version 9.3, and R, version 2.15.32
A sensitivity analysis of functional outcomes was conducted, matching asymptomatic and symptomatic cases
with the same degree of MRI involvement (lesion number
and location). All previously described statistical analyses
were applied to categorical and continuous variables,
respectively, of this subset population.

Able to carry on normal
activity and to work;
no special care needed

90

80

Moderate

70

Unable to work; able to
live at home and care
for most personal needs;
varying amount of
assistance needed
Severe

60

Unable to care for self;
requires equivalent of
institutional or hospital
care; disease may be
progressing rapidly

30

50
40

20

10
0
Source: Karnofsky and Burchenal.27

Results
Patients
As of 5 June 2013, there were 372 confirmed postmarketing cases of natalizumab-associated PML in MS patients
worldwide. The majority (70.7%) were female and twothirds were from outside the United States. The median
duration of natalizumab exposure was 39.5 months
(range 8–94), and 27.7% of patients had prior IS use.
Thirty patients (8.1%) were classified as asymptomatic
and 342 patients (91.9%) as symptomatic at the time of
PML diagnosis. Demographic and clinical characteristics
were comparable between the two groups (Table 3). More
than 80% of asymptomatic PML patients and 60% of
symptomatic PML patients were from locations outside
the United States.
The median time to PML diagnosis, defined as time
from first suspect MRI (for asymptomatic patients) or
from PML symptoms (for symptomatic patients) to first
JCV DNA positive CSF or positive brain biopsy, was
12 days (range 0–168) in asymptomatic patients and
28 days (range 0–368) in symptomatic patients (Table 3).

ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

3

Asymptomatic Natalizumab-Associated PML

T. Dong-Si et al.

Table 3. Demographics and clinical characteristics of asymptomatic and symptomatic PML patients.

Age at diagnosis, years
Mean
Median (range)
Female, n (%)
Weight, kg
Mean
Median (range)
Duration of MS at diagnosis, years
Mean
Median (range)
Natalizumab exposure, months
Mean
Median (range)
Prior IS use, yes, %
EDSS score on natalizumab pre-PML
Mean
Median (range)
KPS score on natalizumab pre-PML
Mean
Median (range)
Time to PML diagnosis2, days
Mean
Median (range)
CSF JCV DNA3, copies/mL
Mean
Median (range)
Geography, n (%)
United States
Rest of world

Asymptomatic
PML patients
(n = 30)

Symptomatic
PML patients1
(n = 342)

All PML patients
(n = 372)

42.7
43.5 (22–61)
(n = 30)
21 (70.0)

45.1
45.0 (14–73)
(n = 337)
242 (70.8)

44.9
45.0 (14–73)
(n = 367)
263 (70.7)

68.7
65 (50–98)
(n = 12)

75.4
68 (46–163)
(n = 142)

75.1
68 (46–163)
(n = 154)

12.1
12.0 (4–29)
(n = 19)

14.1
12.5 (1–51)
(n = 120)

13.8
12.0 (1–51)
(n = 139)

40.6
40.5 (24–94)
(n = 30)
23.3

39.8
40.0 (8–77)
(n = 342)
28.1

39.9
39.5 (8–94)
(n = 372)
27.7

3.2
3.0 (1–6.0)
(n = 18)

3.8
4.0 (0–8.5)
(n = 172)

3.7
3.5 (0–8.5)
(n = 190)

85.0
90.0 (60–100)
(n = 10)

80.2
80.0 (40–100)
(n = 112)

80.6
80.0 (40–100)
(n = 122)

37.6
12 (0–168)
(n = 30)

44.6
28 (0–368)
(n = 330)

NA

277,000
668 (12–4,970,000)
(n = 24)

185,000
510 (1–10,200,000)
(n = 289)

192,000
510 (1–10,200,000)
(n = 313)

4 (13.3)
26 (86.7)

123 (36.0)
219 (64.0)

127 (34.1)
245 (65.9)

CSF, cerebrospinal fluid; EDSS, Expanded Disability Status Scale; IS, immunosuppressant; JCV, JC virus; KPS, Karnofsky Performance Scale; MS,
multiple sclerosis; NA, not applicable; PML, progressive multifocal leukoencephalopathy.
1
Two Crohn’s disease patients are included.
2
Time from first suspect MRI (for asymptomatic patients) or PML symptom (for symptomatic patients) to PML diagnosis date, defined as first positive JCV DNA in CSF or positive brain biopsy.
3
First positive test.

Reported MRI frequencies prior to PML diagnosis in
asymptomatic PML patients were every 3 months in one
patient, every 4 months in one patient, every 6 months in
four patients, and every 12 months in one patient;
frequency was not reported in 23 cases. MRI frequencies
for most of the symptomatic PML patients were unknown.
Natalizumab was discontinued in all patients upon
suspicion of PML and 24 of 30 (80.0%) asymptomatic
and 276 of 342 (80.7%) symptomatic PML patients were
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treated with plasma exchange (PLEX). For the remaining cases, PLEX was not performed or not reported.
Immune reconstitution inflammatory syndrome (IRIS)
was subsequently reported in 20 asymptomatic PML
patients (66.7%) and in 248 symptomatic PML patients
(72.5%). PML-IRIS was defined as worsening of clinical
symptoms and lesion progression including signs of
inflammation and mass effect on MRI, as determined by
the reporting physician.

ª 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

T. Dong-Si et al.

Asymptomatic Natalizumab-Associated PML

Asymptomatic (n = 28)

PML symptom patterns
At the time of this analysis, 19 asymptomatic PML
patients had at least 6 months of follow-up data available
after PML diagnosis. The other 11 cases either had not
reached the 6-month follow-up time point (n = 8) or
were lost to follow-up (n = 3). Of the 19 asymptomatic
patients with at least 6 months of follow-up, 11 (57.9%)
remained symptom free over a median of 16.0 months
(range 4.8–27.3); the remaining eight asymptomatic PML
patients (42.1%) subsequently developed clinical symptoms. One patient who developed symptoms did not have
a symptom onset date available. For the other seven
patients, the median time from first suspect MRI to the
onset of initial symptoms was 20 days (range 1–130).
Median follow-up time for the patients who had symptoms at the time of PML diagnosis was 17.5 months
(range 7.0–27.0).
The type and frequency of PML symptoms were generally similar in symptomatic patients and in asymptomatic
patients who subsequently developed symptoms. Behavioral and/or cognitive and motor symptoms were the
most common symptoms overall (seen in 55.6% of
asymptomatic and 51.5% of symptomatic PML patients);
visual symptoms occurred more frequently in symptomatic patients, consistent with the MRI location of PML
lesions (Table 4).

Symptomatic (n = 298)

11%
37%

40%

21%

68%
24%

Unilobar (n = 19)

Unilobar (n = 109)

Multilobar (n = 6)

Multilobar (n = 71)

Widespread (n = 3)

Widespread (n =118)

Figure 1. Distribution of PML lesions in asymptomatic and
symptomatic PML patients. MRI data for 46 patients, including two
asymptomatic patients, were not available. Total percentages may be
greater than 100% due to rounding. PML, progressive multifocal
leukoencephalopathy; MRI, magnetic resonance imaging.

common presentation in both asymptomatic and symptomatic patients. Twelve of 17 asymptomatic PML
patients (70.6%) and 56 of 107 symptomatic PML
patients (52.3%) had unilobar lesions in the frontal lobe.
Eleven percent of asymptomatic patients had widespread
lesions, compared with 40.0% of symptomatic patients.
Figure 2 shows representative MRI scans of progression
from asymptomatic to symptomatic PML.

MRI findings
Brain MRI results at diagnosis were available for 28
asymptomatic and 298 symptomatic patients. A greater
proportion of asymptomatic PML patients compared with
symptomatic PML patients had unilobar lesions at diagnosis (Fig. 1). Unilobar frontal lobe lesions were the most
Table 4. PML symptoms observed in asymptomatic patients who
later became symptomatic and in patients symptomatic at PML diagnosis.

PML symptoms1, n (%)

Asymptomatic
PML patients
(n = 8)

Symptomatic
PML patients
(n = 342)

Cognitive/behavioral
Motor
Speech
Visual
Cerebellar
Seizure
Sensory

5
3
1
0
1
1
1

176
163
100
68
64
27
23

(55.6)
(33.3)
(11.1)
(0)
(11.1)
(11.1)
(11.1)

(51.5)
(47.7)
(29.2)
(19.9)
(18.7)
(7.9)
(6.7)

PML, progressive multifocal leukoencephalopathy.
Symptoms reported at a later stage after diagnosis in asymptomatic
patients and at diagnosis in symptomatic patients; each patient may
have more than one symptom.

1

Survival
As of 5 June 2013, 96.7% (29 of 30) of asymptomatic
PML patients and 75.4% (258 of 342) of symptomatic
PML patients were alive. Mean duration of follow-up was
13.4 months (median [range]: 13.9 [3.4–26.6]; n = 16) in
asymptomatic patients and 11.2 months (median [range]:
8.7 [0–34.7]; n = 203) in symptomatic patients. In the
nonsurviving asymptomatic PML case, the time to death
from diagnosis was 13.2 months; cause of death was suicide likely due to the patient’s preexisting depression. The
mean time from PML diagnosis to death in symptomatic
PML patients (n = 78) was 4.2 months (median [range]:
2.3 [0.07–35.1]); data were not available for 6 patients.

Functional outcomes
Asymptomatic PML patients had significantly less functional disability at diagnosis and at 6 months post-PML
diagnosis compared with symptomatic PML patients
(Table 5). Over time, EDSS scores were consistently lower
in asymptomatic PML patients than in symptomatic PML
patients (Table 5; Fig. 3A). Asymptomatic patients also
had less impairment over time as assessed by KPS, with
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Figure 2. Representative MRI scans of progression from asymptomatic to symptomatic PML. Asymptomatic PML was diagnosed in a 43-year-old
woman with no prior IS use who had previously received interferon beta-1a. Twenty-two months after natalizumab initiation, she had no clinical
signs of PML, but MRI showed a hyperintense cortical ribbon on both sides of the superior frontal sulcus (panel 1). Four months later the patient
was still asymptomatic, but follow-up imaging showed multilobar lesions and natalizumab was discontinued (panel 2). Six months after first
visualization of PML on MRI, PML symptoms, primarily visual, had developed and widespread lesions were present on brain MRI scan (panel 3).
Anti-JCV antibody was detected in CSF at this time. MRI, magnetic resonance imaging; PML, progressive multifocal leukoencephalopathy; IS,
immunosuppressive; JCV, JC virus; CSF, cerebrospinal fluid.

Table 5. Mean EDSS and KPS scores over time in asymptomatic and
symptomatic PML patients.
Asymptomatic
PML patients
EDSS score
Pre-PML
At diagnosis
At 6 months
At 12 months
KPS score
Pre-PML
At diagnosis
At 6 months
At 12 months

Symptomatic
PML patients

P value

3.2
4.1
4.9
5.1

(n
(n
(n
(n

=
=
=
=

21)
11)
11)
6)

3.7
5.4
6.6
6.5

(n
(n
(n
(n

=
=
=
=

179)
193)
87)
59)

0.336
0.038
0.007
0.169

84.0
70.0
71.5
56.0

(n
(n
(n
(n

=
=
=
=

10)
11)
10)
5)

81.1
53.8
47.1
46.6

(n
(n
(n
(n

=
=
=
=

97)
122)
108)
67)

0.475
0.008
<0.001
0.178

P value from Mann–Whitney–Wilcoxon test. EDSS, Expanded Disability
Status Scale; KPS, Karnofsky Performance Scale; PML, progressive
multifocal leukoencephalopathy.
Bold text indicates statistical significance.

asymptomatic patients having consistently higher KPS
scores (Table 5; Fig. 3B). The correlation coefficient for
EDSS and KPS scores was 0.712.
When compared with symptomatic patients who presented with only frontal lobe unilobar involvement
(n = 56), asymptomatic patients still had less functional
disability (mean EDSS score: 6.5 vs. 4.9) and impairment
(mean KPS: 46.0 vs. 71.5) at 6 months.

Discussion
The concept of detecting demyelinating diseases in an
asymptomatic stage using a highly sensitive paraclinical
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tool such as MRI is well established in the field of MS,
where the term “radiologically isolated syndromes” has
been used to describe subclinical MS.33,34 In the context
of opportunistic infections, the current data and a number of recent case reports17,18,21,23,24 suggest that PML
may be diagnosed based on brain MRI findings and the
presence of JCV DNA in the CSF or on brain biopsy in
the absence of clinical symptoms. This observation
departs from the traditional 3-part diagnostic algorithm
requiring clinical symptoms in combination with MRI
findings and JCV DNA detection in the CNS for a diagnosis of definite PML.10,35,36 It also suggests that clinicians with natalizumab-treated MS patients should be
aware that clinical symptoms are not required to make
the diagnosis of PML; such a requirement could delay
timely diagnosis and intervention.
In our study, 8% of patients (n = 30) were asymptomatic at the time of PML diagnosis. The average time
to PML diagnosis was shorter in asymptomatic patients
than in symptomatic patients (12 vs. 28 days). The
majority (86.7%) of asymptomatic PML patients were
diagnosed outside the United States, which may reflect
differences in clinical management of patients during natalizumab treatment. In the United States, best practice
recommendations were published in 2009 by an expert
panel, which recommended that an MRI scan be conducted at least annually in natalizumab-treated patients,
with several panel members reporting that they perform a
routine MRI after 6 months of treatment and then annually. All panel members also reported performing an MRI
at the time of a relapse or if there were signs or symptoms of PML.37 Meanwhile, European centers may have
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Symptomatic
Asymptomatic

A
10.0

EDSS score

8.0
6.0
4.0
2.0
0.0
−30

−24

−18

−12

−6

Diagnosis

6

12

18

24

30

−30

−24

−18

−12

−6

Diagnosis

6

12

18

24

30

B
100

KPS score

80
60
40
20
0

Months from PML diagnosis

Figure 3. (A) EDSS and (B) KPS scores for asymptomatic and symptomatic PML patients measured over time. Weighted polynomial regression
using the LOWESS algorithm. The EDSS and KPS scores for asymptomatic and symptomatic PML patients are shown for time points prior to PML
diagnosis, at PML diagnosis, and post-PML diagnosis. Each symbol represents a single patient measurement at a single time point. EDSS and KPS
scores were not available for all patients at all time points. Data prior to diagnosis were gathered from medical records. The dark gray lines
represent polynomial regression trend-lines (LOWESS curves) for asymptomatic patients; the light gray lines represent polynomial regression trendlines (LOWESS curves) for symptomatic patients. EDSS, Expanded Disability Status Scale; KPS, Karnofsky Performance Scale; PML, progressive
multifocal leukoencephalopathy; LOWESS, locally weighted scatterplot smoothing.

been performing MRI scans more frequently, as suggested
in a PML case report published in 2012 in which the
authors described performing brain MRI scans every
6 months for all relapsing MS patients treated with natalizumab.38 The PML case reported by Phan-Ba and colleagues was also included in a case series, in which a
group of European authors suggested that “brain MRI
scans every 3–4 months could be considered for interval
MRI vigilance.”24 Similarly, in a set of recommendations
published in 2011 by the International Multiple Sclerosis
Expert Forum, it was stated that “more frequent MRI has
been suggested (every 3–6 months)” in patients at
increased risk for PML.12 Although our data were limited,
no clear pattern of frequency of MRI testing was
discerned between those patients who were asymptomatic
and those who were symptomatic. Clinical characteristics

of asymptomatic and symptomatic PML patients were
comparable prior to PML diagnosis. Importantly, there
were no significant differences in functional disability, as
measured by EDSS and KPS prior to PML diagnosis.
In asymptomatic patients, most lesions were unilobar,
whereas 63% of PML patients symptomatic at diagnosis
had lesions that were multilobar or widespread. However,
the majority of unilobar lesions on MRI in both asymptomatic and symptomatic PML patients were in the frontal lobe. Less than 50% of asymptomatic patients
subsequently developed PML symptoms, and 11 of 19
patients with follow-up data available remained symptom
free over a median 16 months. When symptoms were
subsequently observed in asymptomatic patients, they
were primarily cognitive/behavioral and motor symptoms
and occurred a median of 3 weeks after diagnosis. The
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general type and pattern of symptoms observed in asymptomatic patients who subsequently became symptomatic
generally mirrored that of patients who were symptomatic
at PML diagnosis.
Overall, functional disability, measured by both EDSS
and KPS, was comparable in both populations up to
30 months prior to PML diagnosis. However, asymptomatic PML patients demonstrated less functional disability
at PML diagnosis and at 6 months postdiagnosis compared with symptomatic PML patients. The survival rate
was higher in asymptomatic patients than in patients who
were symptomatic at diagnosis.
The shorter time to diagnosis of asymptomatic patients
compared with symptomatic patients may have allowed
more rapid therapeutic intervention (stopping natalizumab and removal of natalizumab via PLEX) to facilitate
immune reconstitution. However, whether this led to the
improved outcome of the patients remains speculative.
This analysis had several limitations. We had a relatively small number of asymptomatic PML cases, and
most of the cases had incomplete data regarding MRI frequency prior to PML diagnosis. It also should be noted
that there are still many unknown factors regarding our
understanding of PML. The possibility of lead time bias
accounting for the observed longer duration of survival in
asymptomatic patients cannot be ruled out because of the
nonrandomized nature of the analysis. It is also possible
that asymptomatic PML patients may represent a cohort
of patients who have a slower progression of PML disease
than those who were symptomatic at the time of diagnosis and, therefore, have a better prognosis; this could
account for the absence of clinical symptoms and better
outcomes (length time bias). We have observed in an earlier review of MRIs in natalizumab-treated patients with
PML that some patients appear to have rapidly progressive disease (e.g., 2 months), while others appear to have
a slower disease progression (e.g., 6 months). This may
be due to yet unknown differences in host or viral attributes that may contribute to these observations.39
These data provide evidence of favorable outcomes
when PML is diagnosed in the absence of clinical symptoms in natalizumab-treated patients. Clinicians treating
patients with natalizumab should be aware that symptoms
are not required in order to make a diagnosis of PML.
Given that it is currently unclear if more frequent MRI
testing contributes to identification of asymptomatic PML
and the associated outcomes, it is premature to recommend any specific algorithm that might be used to more
effectively identify this cohort of patients. It can be noted,
however, our data and the published case reports and case
series support the high value of MRI as a tool in detecting PML disease activity at an asymptomatic stage, which
appears to be associated with more favorable outcome.
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