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Abstract

Purpose Progressive multifocal leukoencephalopathy (PML) is a rare but severe demyelinating disease caused by the polyoma-
virus JC (JCV) in immunocompromised patients. We report a series of patients with primary immune deficiencies (PIDs) who
developed PML.

Methods Retrospective observational study including PID patients with PML. Clinical, immunological, imaging features, and
outcome are provided for each patient.

Results Eleven unrelated patients with PIDs developed PML. PIDs were characterized by a wide range of syndromic or genet-
ically defined defects, mostly with combined B and T cell impairment. Genetic diagnosis was made in 7 patients. Before the
development of PML, 10 patients had recurrent infections, 7 had autoimmune and/or inflammatory manifestations, and 3 had a
history of malignancies. Immunologic investigations showed CD4" lymphopenia (median 265, range 50-344) in all cases. Six
patients received immunosuppressive therapy in the year before PML onset, including prolonged steroid therapy in 3 cases,
rituximab in 5 cases, anti-TNF-« therapy, and azathioprine in 1 case each. Despite various treatments, all but 1 patient died after a
median of 8 months following PML diagnosis.

Conclusion PML is a rare but fatal complication of PIDs. Many cases are secondary to immunosuppressive therapy warranting
careful evaluation before initiation subsequent immunosuppression during PIDs.
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Abbreviations
PID Primary immune deficiency

PML  Progressive multifocal leukoencephalopathy
JCV Polyomavirus JC

PCR  Polymerase chain reaction

CSF Cerebrospinal fluid

MRI  Magnetic resonance imaging

CID Combined immunodeficiencies

CVID Common variable immunodeficiency
HSCT Hematopoietic stem cell transplantation
Introduction

Progressive multifocal leukoencephalopathy (PML) is a rare
but severe demyelinating disease caused by the reactivation
and access to the brain of the ubiquitous polyomavirus JC
(JCV), which targets oligodendrocytes and to lesser extent
astrocytes. Conditions associated with cellular immunodefi-
ciency, such as human immunodeficiency virus (HIV) infec-
tion, hematological malignancies, organ transplantation, and
immunosuppressive therapy with monoclonal antibodies such
as natalizumab for multiple sclerosis or Crohn’s disease can
cause PML. Immunodeficiency leads to reactivation of the
virus from its latent reservoir in the kidneys, lymphoid tissue,
and bone marrow-derived cells, leading to infection and lytic
replication in the central nervous system and PML [1]. The
clinical outcome of patients with PML is dismal, with an in-
exorable progression toward death within months after the
onset of symptoms [2]. There is no specific antiviral treatment,
and the only efficient therapeutic approach remains the recon-
stitution of a systemic antiviral immune response. The under-
lying pathogenesis of PML remains unclear.

Primary immune deficiencies (PIDs) are rare inherited dis-
orders resulting in impaired immune responses that may lead
to increased susceptibility to infections, immune dysregula-
tion with autoimmune disease and aberrant inflammatory re-
sponses, and malignancy [3]. Over 340 distinct genetic disor-
ders affecting the innate and/or adaptive arms of the immune
system have been identified to date but many PIDs remain of
unknown origin [4]. Susceptibility to infection can be broad or
restricted to one pathogen (e.g., herpes simplex encephalitis
associated with impaired TLR3 signaling [5]). PML can com-
plicate the course of several types of PIDs, mostly PIDs with
combined immunodeficiency [6—14]. Four patients with PML
and dominant gain-of-function mutation in signal transducer
and activator of transcription 1 (STAT1) were also recently
reported [6]. Precisely how STATI is involved in the JCV
regulatory pathway is unknown, but the authors suggest that
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this might be secondary to enhanced expression of pro-
grammed cell death protein ligands 1 (PD-L1) detected in T
cells from STAT1 GOF patients, rendering T cells anergic and
leading to T cell exhaustion and dysfunction [6].

So far, no study has systematically detailed the clinical and
radiological presentation of PML occurring in PIDs. Here, we
report a series of 11 patients with PID who developed PML
during the course of their disease, and provide a description of
the clinical, immunological, imaging features, and outcome.

Methods

This retrospective observational study was performed on a
cohort of patients with PIDs from the French National
Reference Center for Primary Immune Deficiencies
(CEREDIH, Paris, France). Patients who developed PML as
a first manifestation or during the course of PID were includ-
ed. PIDs were classified according to the recent classification
from the Primary Immunodeficiency Expert Committee of the
International Union of Immunological Societies [4]. For each
patient, disease history including infectious and non-
infectious complications, clinical features, and immunological
investigations before and at onset of PML were collected.

Immunologic analysis of the T, B, and natural killer cell
compartments was performed by means of flow cytometry
with a FACScalibur (BD Biosciences, Le Pont de Claix,
France) and mAbs against CD3, CD4, CDS8, CD19, CD16,
CD45RA, and CD45RO, as described elsewhere [15, 16].
Lymphocyte proliferation was determined in vitro based on
the amount of tritiated thymidine incorporated into peripheral
blood mononuclear cells, as described previously [15, 16],
after stimulation with PHA or specific antigen after an appro-
priate immunization schedule. Each study was run in parallel
with samples from healthy adult control subjects.

Diagnostic criteria of the consensus statement from the
American Academy of Neurology Neuroinfectious Disease
Section were used for PML diagnosis [2]. For all patients,
physical examination, neuroimaging finding, cerebrospinal
fluid (CSF) characteristics, treatment, and outcome were col-
lected. All the cerebral magnetic resonance imaging (MRI)
were reviewed by a radiologist experienced in infectious dis-
eases. Extensive microbiological investigations to rule out
bacterial, viral, fungal, and mycobacterial infections were
done in all patients in blood and CSF. Evaluation of JCV viral
load was performed in CSF at the virology laboratory (Cochin
Hospital, Paris, France) using real-time polymerase chain re-
action (PCR) which targets a highly conserved 114 base-pair
region of the JCV large tumor (T-antigen) gene. This
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quantitative PCR system uses the forward primer 5-CTTT
TTAGGTGGGGTAGAGTGTTG-3', the reverse primer 5'-
TCCTGGTGGAATACATTTAATGAGAAG-3', and the 6-
carboxyfluorescein (FAM)-labeled probe 5'-CATG
GCAAAACAGGTCT-3".

Patients were classified as definite PML (compatible clin-
ical features and imaging findings, CSF PCR for JCV posi-
tive), probable (compatible clinical features or imaging find-
ings, CSF PCR for JCV positive), and possible (compatible
clinical features and imaging findings, CSF PCR for JCV
negative) [2]. When a brain biopsy was performed, the diag-
nosis of PML was based on the association of suggestive
histopathological features (demyelination, “bizarre” astro-
cytes, oligodendrocytes containing nuclear inclusion bodies)
and detection of JCV DNA by in situ hybridization [2].

This retrospective data collection was conducted according
to the Helsinki Declaration and informed consent was obtain-
ed from the patients or their relatives.

Results
PID Characteristics

Eleven patients developed PML during PID evolution. PID
features are summarized in Table 1. PIDs were characterized
by a wide range of syndromic or genetically defined defects.
Six patients had combined immunodeficiencies (CID) includ-
ing one MST! deficiency, one DOCKS deficiency, one CD40
ligand deficiency, one PRKDC deficiency, and two CID with-
out known genetic defect. Three patients were diagnosed with
combined immunodeficiencies with syndromic features in-
cluding one Wiskott-Aldrich syndrome, one cartilage-hair hy-
poplasia, and one immunodeficiency with centromeric insta-
bility and facial anomalies (ICF syndrome). Two patients had
common variable immunodeficiency (CVID) without known
genetic defect.

All patients but one (patient 9) had a previous history of
infections (Table 1), mostly recurrent upper or lower respira-
tory tract infections (n=10), but also Herpesviridae
reactivations with clinical manifestations (herpes simplex vi-
rus (n = 2), varicella zoster virus (n = 3), cytomegalovirus (n =
1)). One patient (patient 1) had chronic symptomatic Epstein-
Barr virus (EBV) replication treated by repeated courses of
rituximab. Patient 4 developed several opportunistic infec-
tions before PML onset, including sinus and laryngeal asper-
gillosis, cryptosporidiosis, and Prneumocystis jirovecii pneu-
monia. Four patients had only recurrent upper and lower re-
spiratory tract infections before PML development. Nine pa-
tients were receiving immunoglobulin replacement therapy.
Concerning patient 9, a diagnostic of PID was established
because all alternative secondary causes (HIV infection, he-
matological malignancies, or immunosuppressive therapy) of

PML were ruled out and immunological abnormalities (i.e.,
lymphopenia and hypogammaglobulinemia) persisted many
years after PML onset (see below).

Seven patients had autoimmune and/or inflammatory man-
ifestations before PML onset, including autoimmune cytope-
nia (n=06), granulomatous disease (n=4), and polyarthritis
(n=2) (Table 1). Two patients had a regenerative nodular
hyperplasia of the liver. Three patients developed malignan-
cies during the evolution of PID and prior to PML: EBV-
associated Hodgkin’s lymphoma in patient 1, diffuse large B
cell lymphoma in patient 8, and human papillomavirus-
associated vulvar epidermoid carcinoma in patient 3. One pa-
tient (patient 10) had a chronic lymphoid interstitial pneumo-
nia and hepatosplenic polyclonal lymphoproliferation treated
by steroids and rituximab.

Table 2 shows the patients’ immunologic features at PML
diagnosis. In four patients, immunologic investigations were
performed after immunosuppressive treatment (median 7.5,
range 1-14 months) (Tables 1 and 3). Immunologic investi-
gations showed severe T cell lymphopenia in nine cases (me-
dian 504, range 41-1392 CD3™ cells/uL); this primarily in-
volving CD4* lymphocytes (median 265, range 50344 CD4*
cells/uL), with a significant decrease in naive T cell numbers
(< 5% of the CD45RA™/ CD4" cells; data not shown). All but
one patient (patient 3) had profound
hypogammaglobulinemia. A reduced or absent T lymphocyte
proliferation upon stimulation with both mitogens and anti-
gens was found in the five patients in whom the assay was
performed.

PML Presentation

Ten patients had definite PML and one (patient 3) had possible
PML. PML features are summarized in Table 3. Median age at
PML onset was 23 years (range 15-64 years). PML revealed
PID in one case (patient 9) whereas it complicated its evolu-
tion in the others with a median interval from PID diagnosis of
18 years (range 0-26 years). Median delay between first neu-
rological symptoms and PML diagnosis was 2 months (range
0.25—4 months). Six patients had received prolonged immu-
nosuppressive therapy in the year before the onset of PML
(range 1 month—1 year), including prolonged oral steroid ther-
apy in three cases, rituximab in four cases, and anti-TNF-o
therapy (infliximab) and azathioprine in one case each. One
patient (patient 8) was treated for diffuse large B cell lympho-
ma of the kidney by polychemotherapy including rituximab
(R-CHOP) 5 months before PML onset, followed by alloge-
neic hematopoietic stem cell transplantation (HSCT). She was
diagnosed with PML 1 month after HSCT but retrospective
re-evaluation of pre-transplant cerebral imaging showed fron-
tal hypodense lesion suggestive of pre-existing PML.
Cerebral MRI was abnormal in all cases. The main MRI
features were large (>3 cm), multiple (mean » = 8), bilateral,
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Table2  Immunological features at PML onset

P1 P2 P3 P4 PS5 P6 P7 P8 P9 P10 P11
Absolute lymphocyte 700 1000 460 354 600 598 1600 598 750 1482 1365

count/mm? (1000-4000)

CD3" cells/mm’® (1000-2200) 504 880 184 163 486 41 1392 413 618 797 1225
CD4" cells/mm? (530-1300) 189 310 106 50 180 37 304 265 331 329 344
CD8" cells/mm’ (330-920) 168 450 92 106 306 5 1008 141 233 466 868
CD19* cells/mm? (110-570) 4% 40% 207 92 12 18 176 1 39 1* 112
NK cells/mm?* (70-480) 189 80 60 ND 84 539 80 175 45 594 15
IgG (g/L) (7-15) 20.8%* 10.06%* 16 5.58%%  10%* 7.14%%  12%* 7.5%%* 4.8 9.97%* 8.91%*
IgA (g/L) (0.8-3.5) 222 3.35 7.5 0.07 <0.06 046 <0.06 <006 058 <0.06 032
IgM (g/L) (0.6-2.6) 1,11 0.63 262 0.71 <0.04 021 <0.04 <004 010 017 <0.04

In brackets are age-matched normal values for lymphocyte counts and immunoglobulin levels (as established by the performing laboratory)

PML progressive multifocal leukoencephalopathy, ND not done, NA not appropriate, NK natural killer

*Patients treated by rituximab few months before immunologic investigations

**Immunoglobulin substitution

hypointense in T1 and hyperintense in T2-weighted areas with
blurred limits, mainly sub-cortical, and located in the fronto-
parieto-temporal white matter (Fig. 1). Involvement of basal
ganglia was seen in six patients (Fig. 1a). Involvement of
corpus callosum and posterior fossa was seen in three and five
patients respectively. Peripheral punctiform contrast enhance-
ment at diagnosis was noted in five patients (Fig. 1d).
Hyperintense signal on diffusion-weighted imaging was ob-
served in seven patients. Hemorrhages were seen in two pa-
tients but were not located in cerebral lesions and were sug-
gestive of hypertensive hemorrhage. No mass effect was ob-
served even when large lesions were present.

Lumbar puncture was performed in all patients. Increased
cerebrospinal fluid (CSF) protein level (> 0.4 g/L) was noted
in a single case whereas cell count was normal in all patients.
PCR for JCV DNA in CSF was positive in 9/11 patients. Brain
biopsy was required in one case (patient 9, Fig. 2) and showed
typical lesions of PML with demyelinization lesion, atypical
astrocytes, small amount of perivascular lymphocytes, atypi-
cal oligodendrocytes in periphery of lesions, and positive de-
tection of JCV DNA by in situ hybridization (JCV PCR was
not done on biopsy). In the last case (patient 3), diagnosis was
established on the combination of compatible clinical and im-
aging features.

Treatment and Outcome

Eight patients received a treatment for PML, including
cidofovir (n=75), interleukin-7 (n=3), interleukin-2 (n=2),
HSCT (n=2), alpha interferon (= 1), mirtazapine (n=1),
leflunomide (n = 1), and high-dose IVIg (n=1). Treatment
efficiency and outcome are summarized in Table 4.
Cidofovir led to partial and transient clinical and MRI im-
provement with motor recovery and decrease in

demyelinating lesions in two cases (patients 9 and 11) but
failed in three others. Interleukin-7 showed partial clinical
efficiency and MRI improvement in one case (patient 2, con-
tinued therapy was impossible because the drug was no longer
available) but failed in two others (patients 5 and 10). HSCT
led to rapid neurological degradation in both cases. No signif-
icant benefit was observed with the other treatments. All pa-
tients but one eventually died after a median of 8 months
(range 0.25-36 months) following PML diagnosis. Patient 9
was still alive 10 years after PML diagnosis with sequelae
hemiparesis.

Discussion

The reported prevalence of anti-JCV antibodies in adults
varies from 39 to 91% depending on the assay methodology
and population studied, indicating that a significant proportion
of the population has been exposed to the virus [17-19].
However, the prevalence of PML in the general population
has been estimated at 4.4 cases per 100,000 individuals [6,
17]. Primary infection with JCV is asymptomatic and occurs
early in childhood, via oro-pharyngeal route from virus-
contaminated material, possibly excreted virus in the urine
[1]. The virus traffics to the bone marrow and kidneys in
infected lymphocytes, where it can persist lifelong. PML neu-
rotropic JCV strains harbor rearrangements in the genome
non-coding regulatory region (NCCR) and sometimes muta-
tions in the capsid VP1 coding sequence. When and how the
virus gets access to the brain remains unknown. Profound
immune deficiency and change in immune cell trafficking
are considered as the main risk factors of developing PML.
However, other host factors such as genetic susceptibility [20]
may also play a role in PML pathogenesis [1].
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Fig. 1 Brain magnetic resonance
imaging (MRI) findings in pro-
gressive multifocal
leukoencephalopathy complicat-
ing primary immunodeficiencies.
a, b Axial T2 FLAIR-weighted
MR images from the same pa-
tient. a Initial MRI shows
hypersignals of the right thala-
mus, right lentiform nucleus, and
right parietal white matter. b
Progression shows controlateral
lesion and increase in size of the
lesions. ¢ Axial T2 FLAIR-
weighted MR image showing
hypersignals of bilateral white
matter with involvement of the
subcortical white matter of the
right frontal lobe. d Axial
contrast-enhanced T1-weighted
MR image of the same patient
demonstrates punctiform periph-
eral enhancement of the lesion
(arrow)

[27] but a recent post-marketing study demonstrated that the
occurrence of PML is very rare in this condition [28]. In PIDs,
a study of 33 patients with CVID-associated autoimmune cy-
topenias treated with rituximab showed that 24% of patients
developed severe bacterial infections after treatment, especial-
ly in patients off immunoglobulin replacement therapy and/or
in patients who underwent splenectomy, but no PML case was
reported [22]. Similarly, infliximab, a humanized monoclonal
antibody against TNF-o-inducing apoptosis in TNF-«-
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Fig. 2 Brain biopsy shows atypical astrocytes (arrowhead) and atypical
oligodendrocytes in periphery of lesions (stars). Hemalun, phloxine,
safran (H.P.S) coloration, x 40 original magnification

producing T cells, has not been associated with PML in large
cohorts of patients with Crohn’s diseases [29], sarcoidosis
[30], or rheumatoid arthritis [27]. In our study, one case of
PML was diagnosed 6 months after initiation of anti-TNF-o
therapy for granulomatous inflammation secondary to
cartilage-hair hypoplasia. Through the US Adverse Event
Reporting System (AERS), Schmedt et al. reported all signals
of PML during immunosuppressive drugs [31]. Among 635
cases of PML, 7 were suggested to be secondary to azathio-
prine. However, possible interactions between different im-
munosuppressants were not be studied in details. The PML
risk needs to be carefully evaluated before considering immu-
nosuppressive therapy in the treatment of patients with PIDs.
In patients with multiple sclerosis, the risk of developing PML
during natalizumab treatment is significantly lower among
anti-JCV antibody-negative patients compared with those
who are positive [18, 32]. Testing JCV-DNA in urine could
be complementary to testing anti-JCV antibody in identifying
natalizumab-treated patients at risk of PML [33], while virus
detection in serum or blood does is not a predictive factor [34].
Because serological status is difficult to assess in patients with
PIDs, especially those receiving immunoglobulin replacement
therapy, detection of JC virus by PCR on urine may be con-
sidered before initiation of these treatments in PIDs.
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Table 4 PML treatment and outcome

Treatment (dosing, duration) Clinico-radiological efficacy Death Time of survival
after PML diagnosis
P1 Cidofovir (5 mg/kg/week, 4 weeks) No Yes 4 months
Alpha interferon (80 pg/week, 12 weeks) Clinical stabilization
P2 Interleukin-7 (10 pg/kg/week, 13 months) Clinical and MRI improvement Yes 15 months
JCV PCR negativation
P3 None NA Yes 12 months
P4 Cidofovir (5 mg/kg/week, 12 weeks) No Yes 4 months
HSCT No
P5 Interleukin-7 (10 pg/kg/week, 4 weeks) No Yes 8 months
P6 Cidofovir (5 mg/kg/week, 4 weeks) No clinical effect, MRI improvement Yes 13 months
Mirtazapine (unknown) No
Leflunomide (unknown) No
High-dose IVIg (unknown) No
HSCT No
P7 None NA Yes 3 months
P8 None NA Yes 6 days
P9 Cidofovir (5 mg/kg/week, 11 months) Clinical and MRI improvement No NA
Interleukin-2 (4.5 MUI/6 weeks, 34 months) Immunological improvement
P10 Interleukin-7 (10 pg/kg/week, 5 weeks) No Yes 6 months
P11 Cidofovir (5 mg/kg/week, 26 months) Clinical and MRI improvement Yes 36 months

Interleukin-2 (4.5 MUI/3 weeks, 12 weeks)

No

MRI magnetic resonance imaging, /VIg intravenous immunoglobulin, HSCT allogenic hematopoietic stem cell transplantation, NA not appropriate

Diagnosis of PML may be challenging in PIDs because of a
number of differential diagnosis for neurological involvement
due to other infections, cerebral granulomatosis, or lympho-
proliferation. In HIV patients with PML, cerebral MRI typi-
cally shows multifocal white matter lesion hypointense on T1
and hyperintense on T2-weighted and T2 FLAIR sequences
[35]. Involvement of the parieto-occipital white matter, corpus
callosum, and posterior fossa is commonly seen and there is
usually no mass effect or enhancement. In our study, MRI
pattern of PID-associated PML was more closely similar to
PML seen in natalizumab-treated patients, with more frequent
large lesions involving subcortical frontal regions (especially
basal ganglia) and with frequent contrast enhancement [35,
36]. Similar to PML in patients with HIV or treated with
natalizumab, very few had an abnormal elevated CSF protein
and cell count was normal in all cases. The main value of CSF
was demonstrating the presence of JCV by PCR [2, 37].
However, despite the high sensitivity of the PCR assay, a
negative PCR does not rule out PML and in one case a brain
biopsy was required.

Despite the introduction of HAART, the prognosis of PML
is dismal with a mortality rate still near of 50% in HIV-
infected patients. In patients with multiple sclerosis who de-
velop PML, mortality is lower but severe morbidity is seen in
survivors [1]. In this study, all patients but one died after a
median of 8 months following PML diagnosis. However, one
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patient treated by cidofovir then interleukin-2 was still alive
10 years after PML onset with neurological sequelae. There is
currently no established treatment for PML. A number of
therapeutic options (such as cytarabine, acyclovir, cidofovir,
chlorpromazine, mirtazapine, beta interferon, or mefloquine)
have been evaluated but none has shown significant efficacy
[35]. In PIDs, in absence of effective specific treatment, re-
constitution of a systemic antiviral immune response remains
the most efficient therapeutic approach. Adoptive T lympho-
cyte therapy with JCV-specific cytotoxic T lymphocytes
showed efficiency in a patient with PML complicating
HSCT [38]. Because they stimulate T cells, interleukin-2
[39] and interleukin-7 [40, 41] have been used with promising
but contrasting results [42]. In this study, IL-2 and IL-7 were
used in two and three cases respectively but showed clinical
efficiency in only one. Both patients in the present series who
underwent HSCT while presenting signs of PML rapidly died
of the progression of infection. Because time to immune re-
constitution is not compatible with evolution of infection,
HSCT should therefore not be proposed as a specific treatment
of PML. No immune reconstitution inflammatory syndrome
was observed with both treatments.

In summary, PML is a rare but fatal complication of PIDs,
affecting mostly patients with combined B and T cell impair-
ment, even in the absence of previous opportunistic infections.
PML tends to occur after the use of immunosuppressive



J Clin Immunol (2019) 39:55-64

63

therapy, warranting careful evaluation and close neurological
surveillance if such treatment is needed. Immunosuppressive
therapy in patients with PID needs to be carefully weighed in
the face of the increased risk of infection and particularly the
possibility of developing PML in this population. Study of
monogenic immune deficiencies developing PML will help
to better understand specific pathways involved in develop-
ment of this infection.
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