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Abstract: Cases of PML should be evaluated according to predisposing factors, as these
subgroups differ by incidence rate, clinical course, and prognosis. The three most signi�cant
groups at risk of PML are patients with hematological malignancies mostly previously
treated with immunotherapies but also untreated, patients with HIV infection, and patients
using monoclonal antibody (mAb) treatments. Epidemiological data is scarce and partly
con�icting, but the distribution of the subgroups appears to have changed. While there is no
speci�c anti-JCPyV treatment, restoration of the immune function is the most effective
approach to PML treatment. Research is warranted to determine whether immune checkpoint
inhibitors could bene�t certain PML subgroups. There are no systematic national or inter-
national records of PML diagnoses or a risk strati�cation algorithm, except for MS patients
receiving natalizumab (NTZ). These are needed to improve PML risk assessment and to
tailor better prevention strategies.
Keywords: progressive multifocal leukoencephalopathy, JC polyomavirus, monoclonal
antibodies, HIV, multiple sclerosis, disease modifying therapies

Introduction
Progressive multifocal leukoencephalopathy (PML) is an opportunistic viral infec-
tion of the central nervous system (CNS) �rst described in 1958 by Åström and
colleagues.1 PML, named after its pathological features, is a progressive multi-
focal disease of white matter, which can now be thought of as the classical form of
PML. The disease is caused by the JC polyomavirus (JCPyV). The prerequisite for
PML is profound suppression of cell-mediated immunity, whether associated with
diseases, such as HIV or lymphoproliferative malignancies, or treatment with
immunosuppressive or immunomodulatory therapies (multiple sclerosis or rheu-
matoid arthritis) or both (systemic lupus erythematosus). Epidemiological data for
different PML subgroups is scarce and partly con�icting because there are no
systematic national or international records of PML diagnoses and only a few
population-based studies of PML incidence. During the 1980’s and 1990’s with
the emergence of HIV in humans, PML was the most important opportunistic
infection of the CNS in these patients and most PML cases occurred in this group.
In recent times, PML has been increasingly diagnosed in patients treated with
biological therapies such as mAbs which deplete lymphocytes or impede leuko-
cytes traf�cking into the CNS. Interest in PML increased in 2005 when its
association with the multiple sclerosis (MS) drug natalizumab (NTZ) was
discovered2 and MS patients have become an important population at possible
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risk of PML.3 NTZ provides a good example how the
risk-bene�t pro�le must be determined at the individual
level. PML risk also affects certain other MS therapies to
a smaller degree. Other mAbs, as well as chemotherapy
needed to treat patients with malignant diseases or after
solid organ (SOT) or hematopoietic stem cell transplanta-
tion (HSCT) are also associated with an increased risk of
PML.4

PML diagnosis is based upon distinguishing neurological
features, characteristic changes in brain magnetic resonance
imaging (MRI), and the presence of JCPyV DNA in cere-
brospinal �uid (CSF). Currently reconstitution of the
immune system gives the best prognosis for this condition.

As the etiology of PML has changed, so have its diag-
nosis and management. The nature of immunosuppression
underlying PML determines the prognosis, treatment, and the
risk of PML immune reconstruction in�ammatory syndrome
(PML-IRIS). Detection of PML at an early stage, when the
disease is asymptomatic and restricted, is associated with
a better outcome and higher survival rate.5,6

JCPyV Infection
JCPyV is a member of the Polyomaviridae family and has a 5
kb double-stranded circular DNA genome. The initial route
of infection is thought to be ingestion or respiratory inhala-
tion. The virus is then transported into kidney epithelial cells,
bone marrow and spleen, where it establishes life-long per-
sistence. JCPyV also persists in the lymphocytes.

Primary asymptomatic infection usually occurs in child-
hood, but adult infections are also possible. Primary infection
is caused by the so called “archetype” virus, where the non-
coding control region (NCCR) has a certain block structure.
Occasionally, in immunosuppressed but also in healthy indi-
viduals, asymptomatic reactivation of JCPyV may take
place, and the virus is excreted in the urine. Upon active
viral replication in immunosuppressed individuals rearrange-
ments in the viral genome may emerge, which mainly affect
the NCCR but occasionally also the VP1 viral capsid protein.
The archetype virus does not replicate ef�ciently in the brain,
whereas the so called neurotropic variants harboring NCCR
rearrangements can actively replicate in glial cells. Mutations
in VP1 may additionally favor virus tropism for alternative
cell populations, increasing the risk of PML. Mutations
within the large T antigen and agnoprotein genes have also
been reported in both PML7,8 and non-PML patients.9

Although most primary infections take place in child-
hood, the development of PML in childhood is extremely
uncommon. JCPyV seroprevalence increases with age and

reaches 90% in adults with occasional JCPyV shedding in
urine within 19–27% of individuals.10 Each year 3% or
less of the seronegative population becomes infected.11

The rarity of PML despite the widespread prevalence of
JCPyV implies robust barriers to the development of the
disease. Cell-mediated immunity is crucial for controlling
JCPyV, as re�ected by the high rates of the disease in
advanced HIV infection, especially when the CD4+ lym-
phocyte count is below 100 cells/mm3. However, B cells
and CD34+ progenitors also play roles in the pathophy-
siology, acting as viral reservoirs, and as a vector for viral
dissemination in the CNS.12 B-cell depletion disrupts
CD4- and CD8-positive T-cells homeostasis. Plasma cells
regulate in�ammatory T-cells activity via the immuno-
checkpoin pathways, thereby protecting the brain from
excessive immune-mediated damage during active
JCPyV infection.13 The role of anti-JCPyV antibodies is
not yet completely understood. As more than half of PML
patients are seropositive before the onset of PML, humoral
immune responses seem insuf�cient to protect the patient
from developing PML. Altogether higher antibody levels
have been detected in patients before PML diagnosis as
compared to patients who did not develop PML.14 Increase
in anti-JCPyV antibody levels in NTZ treated patients prior
to or coinciding with PML diagnosis has been suggested in
some studies,15,16 possibly associated with virus reactiva-
tion. Other studies report stable high anti-JCPyV antibody
levels prior to PML, although the authors considered the
possibility that an increase in antibody levels may have
been hidden by antibody assay saturation.17

PML is not the only disorder caused by JCPyV.
Nephropathy with or without PML has been observed in
renal allograft recipients.18 JCPyV can also infect menin-
geal and choroid plexus cells causing JCPyV meningitis
(JCVM).19 There are reported cases of granule cell neuro-
nopathy (JCVGCN) of the cerebellum.20 Fulminant JCPyV
encephalopathy (JCE), involving cortical pyramidal neu-
rons, is characterized by infection and lysis of cortical
gray matter.21 JCPyV has been found in the brain of other-
wise healthy individuals22 and therefore the presence of the
virus is insuf�cient to make a diagnosis of PML.

Neuropathology
Pathologic features in PML include demyelination with
the presence of foamy macrophages, relative preservation
of axons, and astrogliosis, sometimes with atypical astro-
cytic nuclei and opale oligodendroglial nuclei. These oli-
godendroglial nuclei are �lled with virus particles when
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