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Progressive multifocal leukoencephalopathy: MRI findings
in HIV-infected patients are closer to rituximab- than
natalizumab-associated PML
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Abstract

Objectives To compare brain MRI findings in progressive multifocal leukoencephalopathy (PML) associated to rituximab and
natalizumab treatments and HIV infection.

Materials and methods In this retrospective, multicentric study, we analyzed brain MRI exams from 72 patients diagnosed with
definite PML: 32 after natalizumab treatment, 20 after rituximab treatment, and 20 HIV patients. We compared T2- or FLAIR-
weighted images, diffusion-weighted images, T2*-weighted images, and contrast enhancement features, as well as lesion
distribution, especially gray matter involvement.

Results The three PML entities affect U-fibers associated with low signal intensities on T2*-weighted sequences. Natalizumab-
associated PML showed a punctuate microcystic appearance in or in the vicinity of the main PML lesions, a potential involve-
ment of the cortex, and contrast enhancement. HIV and rituximab-associated PML showed only mild contrast enhancement,
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punctuate appearance, and cortical involvement. The CD4/CD8 ratio showed a trend to be higher in the natalizumab group,

possibly mirroring a more efficient immune response.

Conclusion Imaging features of rituximab-associated PML are different from those of natalizumab-associated PML and are

closer to those observed in HIV-associated PML.
Key Points

* Nowadays, PML is emerging as a complication of new effective therapies based on monoclonal antibodies.
* Natalizumab-associated PML shows more inflammatory signs, a perivascular distribution “the milky way,” and more cortex

involvement than rituximab- and HIV-associated PML.

* MRI differences are probably related to higher levels of immunosuppression in HIV patients and those under rituximab

therapy.
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Abbreviations

AAN American Academy of Neurology
AIDS  Acquired immune deficiency syndrome
DNA  Deoxyribonucleic acid

DWI Diffusion-weighted images

FLAIR Fluid-attenuated inversion recovery

GM Gray matter

HIV Human immunodeficiency virus

IRIS Immune reconstitution inflammatory syndrome
ICV JC virus

MRI Magnetic resonance imaging

MS Multiple sclerosis

PCR Polymerase chain reaction

PML Progressive multifocal leukoencephalopathy
SWI Susceptibility-weighted imaging

WM White matter

Introduction

Progressive multifocal leukoencephalopathy (PML) is a rare
demyelinating disease of the central nervous system caused by
reactivation of the JC polyomavirus (JCV). JCV is a ubiqui-
tous polyomavirus, present in nearly 80% of the adult popu-
lation [1]. Primary infection is asymptomatic and leads to viral
persistence in infected hosts in different sites such as bone
marrow and kidneys. JCV reactivation is triggered by a de-
crease in immunity [2], more particularly in cell-mediated
immunity [3]. PML incidence increased notably during the
1980s with the HIV pandemic supporting the hypothesis of
the essential role played by cell-mediated immunity [1, 4].
Nowadays, PML is emerging as a complication of new
effective immunosuppressive and immunomodulatory drugs
[5]. Natalizumab is used as a treatment for multiple sclerosis
(MS) and is associated with an increased risk of PML, esti-
mated at 1/100 to 1/10,000 based on three identified risk fac-
tors (treatment duration longer than 24 months, anti-JCV an-
tibody index, and prior administration of immunosuppressive
therapies) [6]. Anti-JCV antibody levels in serum are indeed

used to stratify PML risk in anti-JCV antibody—positive MS
patients [6].

Natalizumab is a monoclonal antibody targeting the alpha-
4 integrin that inhibits transmigration of T cells, including
CD8 T cells, to and in the central nervous system, which can
explain in part its role in PML through a decrease of immune
control of JCV in the brain [1]. Two other characteristics are
that natalizumab forces the migration of hematopoietic stem
cells from the bone marrow in which JCV may be persistent
and the upward regulation of B cell maturation factors that
promote JCV growth [7].

Rituximab, an anti-CD20 monoclonal antibody targeting B
cell activity and currently used for hematological malignan-
cies and autoimmune disorders, is also associated with a mod-
erately increased risk of PML estimated at 1/32,000 [8].
Rituximab acts by depleting B cells and modifying T cell
activity, all of which supports a role of rituximab in PML
development [9].

Knowledge of the MRI pattern of PML is essential when
this diagnosis is suspected, especially in populations consid-
ered at risk, because the prognosis remains poor and is based
on early treatment [10], which consists exclusively so far in
restoring the immune system.

In the classic form widely described in the HIV population,
PML manifests itself as white matter (WM) lesions affecting
the U-shaped subcortical fibers with a decreased signal on T1-
weighted sequences and an increased signal on T2-weighted
sequences. On diffusion-weighted images (DWI), the signal is
generally increased with restricted diffusion on borders corre-
sponding to active demyelination. Low signal on magnetic
susceptibility sequences in U-fibers adjacent to the WM le-
sions of PML has been recently described and appears in
relation to intracellular accumulation of iron in macrophages
and glial cells during myelin degeneration [15]. Those lesions
are often not enhanced and have little or no mass effect [11].
Previous studies have shown differences in the MRI pattern
with natalizumab-associated PML (Table 1). Indeed, with
natalizumab, there are various inflammatory signs such as
contrast enhancement and small punctuations in or adjacent
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Table 1 Key MRI features of HIV-associated PML, natalizumab-associated PML and IRIS-PML according to the litterature review
HIV-PML Natalizumab-PML IRIS-PML
MRI key features MRI key features key features
References [11,12] [13, 14]
Location and aspect on ~ Hypersignal Hypersignal with a punctuate or microcystic Aggravation with extension or

T2/FLAIR Subcortical, affecting U-fibers
Posterior fossa is frequently affected
especial middle cerebellar peduncles
Occasionally, lesions may be limited to
the cerebellum and/or brainstem
Respect of the spinal cord or optic nerves
Edges Clear sharp towards GM when U-fibers are
involved
Mass effect Absent
Contrast enhancement Rare
Diffusion Hyperintense with a peripheral rim in

restriction of diffusion

aspect in the vicinity of the main PML
lesions Subcortical, affecting U-fibers,
possibly the cortex and the deep GM, not
respecting the WM/GM border

PML lesions or new lesion

Clear sharp towards GM and ill-defined to-

wards WM
Absent Present with brain edema
Frequent, punctuate, or linear Frequent
Hyperintense Hyperintense

to lesions with an increased signal on T2-weighted images and
a perivascular distribution called “the milky way” [2, 16, 17].
The lesions have ill-defined boundaries towards WM and
sharp boundaries towards gray matter (GM), with cortical
GM more frequently involved [18]. A hypothesis to explain
these results would be the difference in the level of immuno-
suppression induced by HIV and natalizumab.

In this study, we first aimed to compare the MRI presenta-
tion of rituximab-associated PML to natalizumab or HIV-
associated PML, and also analyze biological parameters to
assess if the differences in MRI could be the consequence of
different immunosuppression levels.

Materials and methods
Patients

This retrospective study was approved by our institutional
review board.

Inclusion criteria were (1) a “definite” PML diagnosis ac-
cording to the American Academy of Neurology criteria [19]
including clinical and imaging-compatible features and detec-
tion of JCV DNA in the cerebrospinal fluid or in brain tissue
by polymerase chain reaction (PCR) or immunohistochemis-
try; (2) HIV-infected patients or patients treated with immu-
nomodulatory or immunosuppressive drugs such as
natalizumab or rituximab, possibly in association with other
drugs and whatever the initial illness; and (3) consent was
provided for in the hospital’s charter. Exclusion criteria were
patients diagnosed with PML from other causes than HIV
infection or associated with other drugs than natalizumab or
rituximab and those under 18 years of age. The occurrence of
Immune Reconstitution Inflammatory Syndrome (IRIS) or an
opportunistic infection was not a cause for exclusion.
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Classical demographic data such as gender, age at the time
of diagnosis, and underlying illness were collected, as well as
CD4 and CD8 numbers. Between 2008 and 2018, 87 patients
from 16 centers in France and Luxembourg were retrospec-
tively identified (Fig. 1). Of these 87 patients, 72 fulfilled all
the inclusion criteria and were therefore included: 32 patients
had relapsing-remitting MS and were treated with
natalizumab, 20 patients were treated with rituximab (16 had
a hematopoietic malignancy, 2 an autoimmune disorder, and 2
an immune deficiency), and 20 patients had an HIV infection.

Imaging

All patients underwent a multisequence MRI protocol. Due to
the study’s multicenter design, the explorations were carried
out with diverging sequences, magnetic fields strength, acqui-
sition parameters and parameters related to spatial resolution.
We chose to define the first brain MRI performed at suspicion
of PML as the reference examination for all comparisons. All
MRIs were unblinded and reviewed by a junior radiologist (a
trainee) with the assistance of an experienced senior
neuroradiologist.

To compare PML lesions, we described the location (fron-
tal lobe, parietal lobe, occipital lobe, temporal lobe, basal gan-
glia, supra- or infratentorial or both), involvement of cortex
and/or deep GM, distribution (unilobar involving a single
lobe, multilobar involving more than one contiguous lobe,
widespread involving more than two contiguous lobes or non-
contiguous lobes or bilaterality), boundaries (sharp towards
WM and GM, ill-defined towards WM and GM), lesion char-
acteristics (aspect on T2-weighted images defined as homo-
geneous or microcystic corresponding to small lesions in or
adjacent to the main PML lesions with an increased signal
called the milky way; the presence or absence of a hyposignal
on T2*/SWI/SWAN-weighted images, signal on DWI, and
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Fig. 1 Flow chart illustrating the
patient selection and inclusion
process. PML = progressive
multifocal leukoencephalopathy,
AAN = American Academy of
Neurology

From 2008 to 2018
87 patients with

definite (AAN criteria)
PML diagnosis from
14 centers

natalizumab
n=32

rituximab HIV
n=20 n=20 n=15

Excluded

the presence or absence of a rim of diffusion restriction); con-
trast enhancement (defined as absent, surrounding, homoge-
neous punctuate or adjacent).

Statistical analysis

Statistical analysis was performed using R software, version
3.1, via the GMRC Shiny Stat application of the Strasbourg
University Hospital (2017) and using the XLSTAT software
in its Addinsoft 2016 version. We compared the MRI findings
between the three groups using the chi-square test and be-
tween the NAT/RITUX, NAT/HIV, and RITUX/HIV groups
using the chi-square test with Holm correction. We compared
biological data between the three groups using the Shapiro test
and between the NAT/RITUX, NAT/HIV, and RITUX/HIV
groups using the Student # test with Holm correction.

Results
Demographic data

Median patient age (for all groups) was 49.0 years (range, 26—
76). In the patient groups, the median age was 42.62 years for
the natalizumab group (range, 26-53), 61.5 years for the ri-
tuximab group (range, 40—76) and 46.9 for the HIV group
(range, 26-64). Forty men (55.6%) and 32 women (44.4%)
were included in the study: 14 men (43.8%) and 18 women
(56.2%) in the natalizumab group, 10 men and 10 women
(50% each) in the rituximab group, and 16 men (80%) and 4
women (20%) in the HIV group.

Imaging results
The imaging results are summarized in Table 2 and Table 3.
Location of PML lesions

There was a statistically significant difference in supratentorial
involvement between the three groups (78.1% in the

natalizumab group, 85% in the rituximab group, and 40% in
the HIV group (p= 0.003), especially when comparing the
natalizumab group vs the HIV group (p= 0.0269) and the
rituximab group vs the HIV group (p=0.0269) with fewer
supratentorial lesion locations in cases of PML occurring in
an AIDS context. Concerning GM involvement, there was a
significant difference between the three groups for the cortex
(p<0.001) and for the basal ganglia (p =0.025). Post hoc
analysis was only contributive for cortex involvement and
showed a difference between the natalizumab group vs the
HIV/rituximab groups with more cortex involvement in cases
of PML that occurred under natalizumab treatment than the
other two groups (p =0.0036 for natalizumab vs rituximab
and p =0.0084 for natalizumab vs HIV).

Aspect of PML lesions

Analysis of the edges towards both WM and GM (Fig. 2)
showed significant differences between groups. Indeed,
lesions were more frequently clearly defined towards
GM and ill-defined towards WM in the natalizumab
group with no significant difference between the rituxi-
mab and HIV groups.

The milky way aspect on T2- or FLAIR-weighted im-
ages (Fig. 2) was significantly different between the three
groups (p =0.02) and more often seen in the natalizumab
group vs the rituximab group (51.6% for natalizumab and
5% for rituximab [p =0.005]). On DWI, the vast majority
of PML lesions had an increased signal (90.9% for
natalizumab, 89.5% for rituximab and 100% for HIV).
We isolated cases with a peripheral signal in restriction
of diffusion (corresponding to a decrease of the signal on
ADC mapping), called the demyelination front. For this
parameter, we observed a significant difference between
natalizumab/rituximab (22.7% for natalizumab, 63.2% for
rituximab [p =0.0426]) and natalizumab/HIV (22.7% for
natalizumab, 84.2% for HIV, [p<0.001]) but none be-
tween the rituximab and HIV groups. (Fig. 3). Lesions with
a peripheral contrast enhancement showed a significant
difference between the three groups (p = 0.003) and tended
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Table 2 Summary of imaging

MRI findings Natalizumab Rituximab HIV

Localization N=32 N=20 N=20
Supratentorial 78.1% (25/32) 85% (17/20) 40% (B/20)
Infratentorial 6.2% (2/32) 10% (2/20) 20% (4/20)
Both 15.6% (5/32) 5% (1/20) 40% (8/20)
Bilaterality 62.5% (20/32) 75% (15/20) 55% (11/20)
Frontal 75% (24/32) 75% (15/20) 70% (14/20)
Temporal 21.9% (7/32) 35% (7/20) 55% (11/20)
Parietal 43.8% (14/32) 55% (11/20) 45% (9/20)
Occipital 46.9% (15/32) 40% (8/20) 45% (9/20)
Unilobal 28.1% (9/32) 15% (3/20) 15% (3/20)
Multilobar 15.6% (5/32) 10% (2/20) 15% (3/20)
Widespread 56.2% (18/32) 5% (1/20) 70% (14/20)
Cortex reached 59.4% (19/32) 10% (2/20) 15% (3/20)
Basal ganglia reached 25% (8/32) 5% (1/20) 40% (8/20)
Thalamus 21.9% (7/32) 0% (0/20) 30% (6/20)
Corpus callosum 9.4% (3/32) 20% (4/20) 35% (7/20)

Inner capsule
Cerebellum
Brainstem
Edges
[1I-defined towards WM
Sharp towards WM
I1I-defined towards GM
Sharp towards GM
T2/FLAIR
Homogeneous hypersignal
Microcystic hypersignal
T2 /SWAN/SWI
Hypointense signal
DWI
Hypersignal
Rim of demyelination
ADC
Unchanged
High
Enhancement
None
Surrounding
Homogeneous
Punctuate
Remote

12.5% (4/32)
18.8% (6/32)
21.9% (7/32)
N=32

100% (32/32)
0% (0/32)
6.2% (2/32)
93.8% (30/32)
N=32

96.8% (30/31)
51.6% (16/31)
N=16

62.5% (10/16)
N=22

100% (22/22)
22.7% (5/22)
N=22

9.1% (2/22)
90.9% (20/22)
N=31

38.7% (12/31)
19.4% (6/31)
6.5% (2/31)
51.6% (16/31)
38.7% (12/31)

20% (4/20)
10% (2/20)
10% (2/20)
N=20

35% (7/20)
60% (12/20)
15% (3/20)
85% (17/20)
N=20

100% (20/20)
5% (1/20)
N=17

47.1% (8/17)
N=19

94.7% (18/19)
63.2% (12/19)
N=19

10.5% (2/19)
89.5% (17/19)
N=20

55% (11/20)
45% (9/20)
0% (0/20)
10% (2/20)
0% (0/20)

45% (9/20)
55% (11/20)
50% (10/20)
N=20

96% [19]
5% [1]

45% [9]
55% [14]
N=20
100% [20]
30% [7]
N=18
36.9% [7]
N=19
100% [19]
84.2% [18]
N=19

0% (0)
100% [19]
N=20

80% [18]
10% [2]

0% (0)

20% [4]

5% [1]

to predominate in the rituximab group (45% in the rituxi-
mab group vs 19.4% in the natalizumab group and 10% in
the HIV group). Lesions with micronodular enhancement
were significantly different between the three groups (p =
0.003), with more cases in the natalizumab group versus
the rituximab group (p =0.0187). There was no difference
between natalizumab and HIV groups even if there were
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more lesions of this type in the natalizumab group (51.6%
vs 20% in the HIV group). Finally, for distant enhance-
ment, there was a difference between the three groups
(p<0.001), specifically between natalizumab and rituxi-
mab (p=0.0134) and the natalizumab and HIV (p =
0.0358) groups, with more of this type of enhancement in
the natalizumab group (Fig. 4). Non-enhanced lesions were
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Table 3 Comparison between
groups MRI findings Comparison of the three ~ Natalizumab vs Natalizumab vs ~ Rituximab vs
groups rituximab HIV HIV
Localization
Supratentorial 0.003 0.8023 0.0269 0.0269
Cortex reached <0.001 0.0036 0.0084 1
Basal ganglia 0.025 0.2788 0.4058 0.0693
reached
Thalamus 0.022 0.1342 0.742 0.0805
Inner capsule 0.034 0.7382 0.0637 0.3538
Cerebellum 0.02 0.6485 0.0321 0.0208
Brainstem 0.012 0.4688 0.1439 0.0472
Edges
IMI-defined <0.001 <0.001 0.8107 <0.001
towards WM
Sharp towards <0.001 <0.001 0.8107 0.0015
WM
IMI-defined 0.003 0.577 0.0087 0.169
towards GM
Sharp towards GM 0.003 0.577 0.0087 0.169
T2/FLAIR
Microcystic 0.02 0.005 0.218 0.192
hypersignal
T2"/SWAN/SWI
Hypointense 0.381
signal
DWI
Rim of <0.001 0.0426 <0.001 0.2691
demyelination
Enhancement
None 0.015 0.3935 0.0276 0.3538
Surrounding 0.003 0.1988 0.6153 0.1008
Homogeneous 0.501
Punctuate 0.003 0.0187 0.0991 0.6579
Remote <0.001 0.0134 0.0358 1
significantly different between the three groups (p = Discussion

0.015), higher in the HIV groups with 80%.

Biological results

CD4/CD8 data were available for 10 patients in the
natalizumab group, 12 in the rituximab group, and 15 in the
HIV group (Fig. 5). The mean CD4/CD8 ratio was 1.95 (95%
confidence interval [CI95], 1.44-2.46) in the natalizumab
group, 1.09 (CI95, 0.55-1.64) in the rituximab group, and
0.12 (CI95, 0.04-0.19) in the HIV group. Statistical analysis
showed that the CD4/CDS ratio was much lower in the HIV
group compared to the natalizumab and the rituximab groups
(Student #-test with Holm correction, p < 0.001 and p =0.001,
respectively) and was lower in the rituximab group compared
to the natalizumab group (p =0.001).

This study aims to describe the MRI characteristics of PML
associated with rituximab and natalizumab and in HIV infec-
tion while comparing imaging findings with the level of im-
munosuppression. We therefore compared CD4/CDS ratios
and found lower ratios in HIV-related PML compared to other
groups, as well as a lower CD4/CD8 ratio in the rituximab
group compared to the natalizumab group. This suggests that
immunosuppression in rituximab is not as severe as in HIV-
PM but still stronger than in natalizumab-PML.

One of the characteristics of PML under natalizumab de-
scribed in previous studies [2, 22] is the description of inflam-
matory signs such as microcystic lesions on T2-weighted im-
ages giving a Milky Way appearance [20, 23]. We found
significantly more Milky Way lesions in the natalizumab
group compared to the rituximab group but no significant
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Fig. 2 Brain MRI from a patient with rituximab-associated PML. On
FLAIR-weighted images (a), we observe several demyelinating
supratentorial and juxtacortical lesions, bilateral and asymmetric. b
Diffusion-weighted images and (¢) ADC mapping show an increased

difference between the natalizumab and HIV groups, even if
they tended to predominate in the natalizumab group.

The other “inflammatory” sign usually attributed to
natalizumab-PML is contrast enhancement, estimated at 35
to 40% of patients in the literature [2]. In the present study,
it accounted for 61.3% of the natalizumab group. A difference
was observed between the three groups, especially when the
enhancement was micronodular, similar to the Milky Way
perivascular distribution predominating in the natalizumab
group compared to the rituximab and HIV groups.

By inducing a lower degree of immunosuppression compared
to HIV, natalizumab-associated PML has more inflammatory
signs. This could be due to the mode of action of this drug, which
is a more selective immunomodulating agent [17].

We found more supratentorial involvement in drug-related
PML than in the HIV-associated form where the brainstem
and cerebellum are more likely to be affected. Cortical in-
volvement and the typical aspect of the edges (sharp towards
GM and ill-defined towards WM) are found preferentially in
the natalizumab group, as also found in previous studies [18,
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signal on diffusion with no rim of restriction. In (d) T1 without contrast
and (e) T1 after intravenous injection of contrast, we observe a peripheral
enhancement of the main lesion

22]. There is no obvious explanation for these characteristics
in relation to a difference in the level of immunosuppression.

The proportion of hyposignal seen on T2*- or SWAN-
weighted images at the cortical-subcortical junction adjacent
to PML lesions (Fig. 6) did not differ between PML groups, in
agreement with other studies [15, 21, 24]; this sign seems
nonspecific in PML for the underlying cause of immunosup-
pression. A demyelination front on diffusion-weighted images
is often found with PML in the HIV group and in the rituxi-
mab group but more rarely in the natalizumab group. If the
demyelination front is related to the active nature of the dis-
ease, we can hypothesize that the PML associated with ritux-
imab is more like HIV-PML than natalizumab-PML, possibly
due to closer immunosuppression levels [25].

Limitations

The main limitations of this study are its retrospective and
unblinded design as well as the limited number of patients
analyzed with complete clinical, biological, and available
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Fig. 3 Inseveral cases of natalizumab-associated PML showing in (a) on
FLAIR-weighted images, we can see GM and especially cortical involve-
ment of the left parietal lobe adjacent to the WM lesion. The left thalamus
is also the site of a demyelinating lesion. In b, we observe on T2-weighted
images the Milky Way aspect with microcystic lesions with an increased
signal. In ¢, clear sharp edges towards GM and ill-defined edges towards

imaging data. This is explained by the relative rarity of PML
even in large referral centers. Secondly, due to the multicenter
design of the study, the explorations were performed on dif-
ferent MRIs, both 1.5 T and 3 T and with nonstandardized
protocols, and there were some inevitable variations in MRI
acquisition parameters between patients [26].

WM of the demyelinating lesions. In d, e, and f, brain MRI from a patient
with natalizumab-associated PML showing in (d) a demyelinating right
frontal lesion on FLAIR-weighted image with (e) contrast micronodular
enhancement in the lesion and (f) remotely in the right temporal lobe.
Finally, we can see an increased signal on diffusion-weighted images (h)
with no rim in restriction on ADC mapping (g)

Regarding the demographic data, we note that the age of the
patients differs according to the group, with a tendency to youn-
ger patients in HIV and natalizumab groups. This may constitute
a selection bias and is explained by the epidemiological data of
the pathology studied, with MS and HIV affecting younger peo-
ple compared to hematological malignancies.
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Fig. 4 An example of a HIV-
PML case with an infratentorial
right cerebellar demyelinating le-
sion on a. In b, no contrast en-
hancement of this lesion.
Diffusion-weighted images and
ADC mapping of a patient show-
ing an increased signal on diffu-
sion (¢) with a rim of demyelin-
ation in restriction of diffusion (d)

MRI interpretation was made difficult by the coexis-
tence of inflammatory lesions in the natalizumab group
related to MS as well as by the coexistence of

Fig. 5 Box diagram of the extent
of the CD4/CDS8 ratio of patients

by group
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Fig. 6 T2*- and susceptibility-
weighted images from patients
diagnosed with PML showing a
linear hyposignal on cortical-
subcortical junction adjacent to
PML demyelinating lesions

patients in the HIV group after initiation of antiretroviral
therapy). Concerning inclusion criteria, the vast majority
of patients in the natalizumab group had already received
immunosuppressive treatments before natalizumab treat-
ment was initiated, as had those in the rituximab group,
who often had several treatments acting on immunity be-
fore or at the same time as rituximab. However, in the
present study, we did not make any distinction in the
groups according to these possible treatments. Their im-
pact on the MRI pattern of PML lesions is therefore not
excluded. Two other factors may have come into play in
the MRI pattern of PML under rituximab that we did not
consider: first, the initial disease of the patient, which
could be responsible for the development of PML, espe-
cially in the case of hematopoietic malignancies [27].
Secondly, the rigorous MRI follow-up of patients in the
natalizumab group made it possible to detect PML at an
earlier stage than in the HIV and rituximab groups.
Adequate assessment of the quantitative and functional as-
pects of the global immune response is still a challenge in
immunocompromised patients. In HIV-infected patients, the
CD4/CDS ratio is considered to be a good marker of the re-
maining immune response but may not be as relevant in other
immunosuppressed groups such as patients treated with
natalizumab or rituximab, irrespective of the underlying dis-
ease. The CD4/CD8 ratio does not incorporate the full level of

immunosuppression—due to the diversity and complexity of
the immune system; in our study, it indirectly and partially
reflects the patient’s immune status.

Conclusion

Imaging features of rituximab-associated PML generally look
more similar to those of the classically described PML with
HIV than those related to natalizumab. Those similarities may
be explained by a higher level of immunosuppression in HIV
patients and patients treated with rituximab compared to pa-
tients treated with natalizumab.
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