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Abstract

Purpose of Review

The aim of this narrative review was to provide treating physicians with practical guidance on
the management of progressive multifocal leukoencephalopathy (PML), offering a rational,
evidence-informed approach to diagnosis and treatment based on published literature and the
authors’ collective clinical experience.

Recent Findings

The management of PML requires precise characterization of disease status at presentation and
throughout follow-up. We begin by outlining the clinical scenarios in which PML should be
suspected, emphasizing that disease presentation is shaped by the strength and quality of the
host’s antiviral immune response. We then detail the evaluation of patients at the time of
diagnosis and during follow-up, with particular attention to defining whether PML is presenting
in its classic form, with inflammatory features, or in the context of immune reconstitution
inflammatory syndrome. This assessment should incorporate prognostic markers to evaluate
the potential for immune recovery and virologic control. We further summarize the current
standard of care and identify clinical contexts in which experimental immunotherapeutic
interventions to facilitate restoration of JC virus-specific immune functions may be considered,
emphasizing the importance of individualized, risk-benefit-based decision making. Notably,
such experimental immunotherapies are likely unnecessary and may even be harmful, once
immune reconstitution has already been achieved and virologic control is evident. Finally, we
address the management of inflammation in PML, underscoring that not all inflammatory
presentations warrant corticosteroid therapy.

Summary

The management of PML remains a significant clinical challenge. Standardizing assessment
protocols across centers may enhance data quality and comparability and facilitate future
collaborative and data-sharing efforts.

Introduction

Progressive multifocal leukoencephalopathy (PML) can result from JC polyomavirus (JCV)
infection in immunocompromised individuals." The single effective therapeutic strategy
remains the reconstitution of host antiviral immune responses. Experimental immunotherapy,
which aims to accelerate immune recovery of JCV-specific immune functions, is an evolving
field with promising approaches that need further validation. On the contrary, corticosteroids
may be required to control an excessive inflammatory response in the setting of immune
reconstitution inflammatory syndrome (IRIS); however, the lack of clear guidance for ap-
propriate use of steroids leads to gross variability in timing and dosing, with potential det-
rimental outcomes. Controlled clinical trials are very challenging in the field of orphan
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diseases such that, most often, we must rely on observational
studies, inherently limited by their retrospective nature,
heterogeneous definitions, incomplete understanding of
disease pathogenesis, and inconsistent follow-up. The aim of
this narrative review was to provide guidance for treating
physicians by proposing a rational approach to workup and
treatment based on existing evidence and the authors’ col-
lective experience. Harmonizing such approaches presents
the opportunity to improve the quality and comparability of
data collected across centers, with the objective of facilitating
future data-sharing efforts.

When Should PML Be Suspected?

Although the 2013 American Academy of Neurology con-
sensus criteria provided alternative paths to PML diagnosis,
this is often not straightforward.” The patient’s underlying
condition and previous treatment exposures significantly
affect the risk of developing PML. Therefore, known im-
mune dysregulation should prompt consideration of PML in
a patient with progressive neurologic symptoms. Leading
causes include, in order of prevalence, HIV/AIDS, hemato-
logic malignancies (HM), immune-mediated diseases
(IMD), cancer, solid organ transplantation (SOT), and
primary immune deficiencies (PID).>* While the incidence
of HIV-associated PML has decreased over the past decades
because of advancements in antiretroviral treatment
(ART),** the incidence of iatrogenic PML associated with
the use of immunomodulatory monoclonal antibodies has
increased.*®” These include agents targeting CD20, CD30,
CDS2, B-cell activating factor (BAFF), CD11a, and, most
notably, 17(4[31-integ1rin.8’9 The expanding indications, avail-
ability, and use of targeted therapies, including tyrosine ki-
nase inhibitors'® and chimeric antigen receptor T-cell
therapies,'"'* may further broaden the population at risk.
In addition, certain immune-mediated diseases such as sar-
coidosis may increase the risk of PML independently of
immunosuppressive medication use.”” No validated bio-
markers or effective risk mitigation strategies are currently
available except in the specific case of natalizumab-treated
patients where the anti-JCV antibody index enables risk
stratification.® Studies show that lymphopenia is a common
risk factor of PML development in patients with multiple
sclerosis (MS) treated with dimethyl fumarate and vigilant,
consistent monitoring of absolute lymphocyte count over
the course of treatment can be an effective method of early
identification of patients at risk."* However, PML can
emerge under less typical circumstances that may not im-
mediately prompt physicians to consider this diagnosis. First,
immunosuppression might be occult at the onset of neuro-
logic symptoms, with PML being the initial manifestation of
immune dysregulation. Second, PML can occur in con-
ditions not considered to be primarily immunosuppressive,
such as chronic kidney disease or cirrhosis.

1,1

Neurology: Clinical Practice | Volume 16, Number 2 | April 2026

Clinical presentation in PML is shaped by the strength of the
host antiviral immune response (Figure 1). The classic lack
of inflammation on imaging can be replaced by varying
degrees of contrast enhancement in the context of less
profound immunosuppression (e.g., natalizumab-associated
PML).'® Such presentations are often referred to as “in-
flammatory PML” and may be associated with better prog-
nosis.'” It is important to note that PML can go unnoticed
only to be unmasked with development of overt in-
flammatory features during immune recovery, such as in
patients who recently initiated ART for HIV infection or
those who recently discontinued or tapered immunosup-
pressive drugs. In these situations, clinical context is para-
mount for identification of IRIS.'® In addition, JCV CNS
infection can manifest with atypical phenotypes, including
progressive cerebellar atrophy (granule cell neuronopathy
[GCN]),"” meningitis,20 or encephalopathy (related to in-
fection of cortical pyramidal neurons),”" suggesting that the
spectrum of JCV-related disease may be broader than cur-
rently recognized. In this context, ocular tap in 2 immuno-
compromised patients—one presenting with macular
changes and the other with retinopathy®>**—revealed per-
sistent detection of JCV DNA by PCR. In the latter, JCV-
related retinopathy was confirmed by retinal biopsy.>® These
findings suggest a greater pleomorphism than previously
appreciated, opening the possibility that additional rare
presentations might be identified in the future. Finally, JCV
DNA may not be detected in CSF if an insufficiently sensitive
assay is used or early in disease when viral burden is low. To
this end, the treating physician must be aware of the sensi-
tivity of the JCV DNA PCR assay, and, if appropriate, opt for
retesting using a highly sensitive PCR assay (limit of detec-
tion <50 copies/ mL). However, even when a high-sensitivity
PCR assay is used, JCV DNA load in the CSF may not
correlate with lesion volumes.”* Consequently, a negative
JCV PCR in CSF result does not rule out PML.*® In such
cases, repeat testing or brain biopsy is needed.

Therefore, progressive neurologic symptoms developing in
immunocompromised patients should prompt clinicians to
consider JCV infection, even if some clinical or imaging
features are atypical.

How to Evaluate a Patient With a New
Diagnosis of PML?

A multiparametric assessment is essential to guide the
physician in managing patients. The patient’s medical
history should be reviewed to identify immune compro-
mise. Familial medical history may reveal patterns in-
dicative of inborn error of immunity. In patients receiving
immunosuppressive drugs, the specific type, duration,
and dosing, as well as tapering or interruption, should be
determined.
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Figure 1 Clinical Presentation in PML Is Shaped by the Strength of the Antiviral Immune Response
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Active PML has historically been characterized by the absence of inflammation on imaging. However, brain MRI may reveal varying degrees of contrast
enhancement, particularly in cases of less profound immunosuppression, or when PML is unmasked during immune recovery, leading to overt inflammatory
features. Accurately determining where a patient falls along this inflammatory spectrum is essential because therapeutic strategies differ substantially
depending on the underlyingimmune context. Management of inflammation in PML relies on the measured use of corticosteroids, but not all inflammationin

PML requires treatment. PML = progressive multifocal leukoencephalopathy.

For both patients with and without known conditions pre-
disposing to PML, laboratory workup should at a minimum
include CD4 and CD8 T-cell, B-cell, and natural killer (NK)
cell enumeration; immunoglobulin quantification; and HIV
testing. A body CT scan and/or PET scan may be helpful for
detecting occult cancer, hematologic malignancy, or sar-
coidosis or for assessing the status of known neoplasm.
Depending on clinical context, additional investigations for
patients with no known underlying condition may be needed
and should be performed under direction of specialists.

Brain MRI with gadolinium contrast, including at least T1-
weighted and T2-weighted sequences, and diffusion-
weighted imaging (DWI) should be performed to monitor
extension and distribution of PML lesion burden over
time.”® In the setting of GCN, demyelinating lesions might
be lacking and global cerebellar atrophy may be the only
imaging finding."” Quantitative JCV DNA in the CSF can
provide a measure of virologic control over time and of re-
sponse to treatment.”” While, at present, quantification of
JCV DNA in the urine and JCV serology have no established
diagnostic value for confirming PML, investigation of po-
tential negative predictive value of negative serology would
be of interest.

The objectives of this initial evaluation were to (1) ascertain
the underlying condition associated with PML risk; (2) de-
fine whether the PML has classic or inflammatory features, or
whether clinical onset occurred in the context of IRIS; (3)
estimate the ability of the patient’s antiviral immune
responses to recover; and (4) determine whether the patient
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would benefit from immunotherapeutic intervention to fa-
cilitate restoration of JCV-specific immune functions in ad-
dition to standard of care (SOC).

What Is the SOC in PML?

Rapid restoration of anti-JCV-specific immune function is
the only approach currently available to control JC viral
replication and stabilize PML, as there is no validated anti-
viral agent available for the treatment of JCV infection.

In the context of HIV infection, this strategy involves the
early initiation of ART to enable rapid control of HIV rep-
lication and subsequent immune restoration (Figure 2).28
This has been best illustrated by the improved prognosis of
HIV-related PML in the ART era.”® In further support, a five-
drug ART regimen including enfuvirtide, given early after
PML diagnosis, was suggested to improve the one-year cu-
mulative probability of survival compared with HIV-infected
patients placed on conventional triple-drug ART after PML
diagnosis.29 First-line recommended combinations including
integrase strand transfer inhibitors (INSTIs) should be pri-
oritized because of their high virologic potency against HIV
replication.3’0 It is important to note that ART initiation with
INSTI results in greater CD4/CDS8 ratio recovery over time
compared with non-nucleoside reverse transcriptase in-
hibitor (NNRTI)-based or protease inhibitor-based ART?!
and is associated with lower mortality at 3 years among
patients with advanced HIV disease.*” Although long-term
clinical effects are not yet proven in people living with HIV,
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Figure 2 Management of PML

Immune-mediated
disease on chronic IS

—

Potential for rapid reversal of the
underlying immune suppression

PLHIV/AIDS

Hematologic
malignancy

Other

cancer PID Transplant

Low likelihood of rapid reversal of
underlying immune suppression

v v v
Initiate or Discontinue Minimize

1st Line optimize ART IS drugs immunosuppression

| |

Early and regular follow-up
(clinic, brain MRI, CSF JCV DNA)
L 5 :

ondlime Experimental

immunotherapeutic strategies <

Risk of PML-IRIS ikali :
Likelihood of PML
Risk of off-target immune effects % fkelinood o progressfon

The management of PML can be complex and often requires a multidisciplinary approach, potentially involving infectious disease specialists, neurologists,
neuroradiologists, virologists, immunologists, specialists in the underlying condition, and rehabilitation professionals. Prompt restoration of anti-JCV-specific
immune function remains the cornerstone of treatment and the only proven strategy to stabilize disease progression and control viral replication. Experi-
mental immunotherapeutic approaches aimed at enhancing antiviral immune restoration may be considered on a case-by-case basis, taking into account the
underlying disease and clinical trajectory. However, such interventions should be avoided in patients who have already achieved effective immune re-
constitution and virologic control. IS = immunosuppressive drug; PID = primary immune deficiencies; PML = progressive multifocal leukoencephalopathy.

these immunologic benefits, driven by the effects on both
CD4 and CDS8 cell dynamics, might improve control of JCV
replication and PML outcomes. Contrary to some other
opportunistic CNS infections (ie, tuberculosis), in case of
PML, ART should be initiated without delay.

In the context of iatrogenic PML, the SOC involves dis-
continuing immunosuppressive agents or rapidly tapering
dose if they cannot be completely stopped. This holds sig-
nificant risk in some clinical settings, such as solid organ
transplant recipients with potentially life-threatening graft
loss or immune-mediated diseases involving vital organs. In
patients who require ongoing immunosuppression, the op-
timal reduction in the net state of immune suppression, the
appropriate duration of immunosuppression tapering, and
potential alternative immunosuppressive strategies all re-
main areas of uncertainty. For PML associated with
natalizumab-treated MS, plasma exchange or immu-
noadsorption strategies aimed at accelerating antibody
clearance have been used, with no evidence of benefit on
survival.>® The efficacy of plasma exchange for cell-depleting
monoclonal antibodies has not been established.

Apart from these considerations, managing a patient with
PML requires general medical care to anticipate and address
common complications. Electrolyte balance should be opti-
mized, because factors such as hyponatremia or dehydration
can worsen the patient’s neurologic status. Seizures should
be promptly identified and managed, especially in cases of
acute clinical worsening. Disability necessitates prevention
of complications related to immobility, such as deep vein
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thrombosis or decubitus ulcers. Rapidly worsening dyspha-
gia carries a high risk of malnutrition and aspiration pneu-
monitis and should be addressed early through swallow
evaluation and parenteral or enteral feeding. Rehabilitation
therapists should be involved early, including physical, oc-
cupational, speech, and low-vision specialists. Appropriate
psychological support for both the patient and their family is
essential. Finally, given the high likelihood of rapid and re-
lentless clinical deterioration, discussions about goals of care
should be addressed early and revisited periodically over the
course of disease with the patient, the multidisciplinary
medical team, and, as appropriate, their family.

How to Interpret Inflammatory
Features in PML?

Inflammation driven by restoration of the antiviral immune
response occurs as a continuum, ranging from absence in the
setting of classic PML to florid in the setting of PML-IRIS
(Figure 3). It is essential for physicians to gauge where
a patient lies on this spectrum, as treatment strategies differ
drastically.

Classic PML typically occurs in severely immunocompro-
mised patients who lack any effective antiviral immune ac-
tivity. In this setting, brain MRI does not demonstrate
contrast enhancement—a biomarker of blood-brain barrier
breakdown associated with active inflammation—and pa-
thology, when performed, may show minimal inconsistent,
predominantly perivascular T-cell infiltration.®* Tt is
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Figure 3 Inflammatory Continuum Over the PML Disease Course

Classic PML (no inflammation)

JCVDNAin CSF

Inflammatory threshold

t

Clinical
I
____________ 1
t Inflammation resulting from the res-
Imaging toration of antiviral immune respon-
! ses occurs along a continuum—from
———————————— 3 absent in classic PML to pronounced
Histolo in PML-IRIS. Classic PML typically ari-
1 gy ses in severely immunocompromised

» patients who lack effective antiviral

Immune
reconstitution
Clinical stage

Presymptomatic PML progression

Inflammatory PML

S

Inflammatory threshold

IR -

JCV DNAin CSF
PML-IRIS

immunity. In such cases, brain MRI
typically shows no contrast enhance-
ment, and when available, neuro-
pathologic ~ examination  reveals
minimal or inconsistent perivascular
T-cell infiltration. CSF JCV DNA levels
are usually high and may continue to
rise. Here, CNS injury is primarily
driven by uncontrolled lytic infection
of oligodendrocytes, and treatment
should focus on restoring immune
function to achieve virologic control.

Stabilization

4 When antiviral immune responses
| are present—either at disease onset
Clinical or emerging  during  follow-
I

i up—varying  degrees  of in-

flammation may develop. This may
t ) manifest as T-cell infiltration within
Imaging the parenchyma; contrast enhance-
ment on brain MRI; and, in some
cases, clinical worsening. The latter
defines PML-IRIS and reflects an ex-
aggerated immune response against

Immune
reconstitution

Clinical stage

Presymptomatic PML progression

> JCV-infected cells. IRIS = immune re-
constitution inflammatory syndrome;
JCV = JC polyomavirus; PML = pro-
gressive multifocal leukoencephalop-
athy.

Stabilization

increasingly recognized that subtle or punctate enhancement
is not uncommon at first presentation of PML, as described
in untreated HIV infection'” and in natalizumab-associated
PML,"® but this alone cannot be considered indicative of
a viable antiviral immune response. In these scenarios, CNS
injury is likely still predominantly mediated by the Iytic in-
fection of oligodendrocytes, leading to centrifugal de-
myelination with associated axonal loss and progressive
clinical worsening. Treatment strategies should focus on
restoration of the immune system to regain virologic control.

At the other end of the spectrum lies PML-IRIS, character-
ized by florid CNS inflammation. PML-IRIS has been
reported in 16.7% of HIV-related PML cases at some point
during disease course®® and in almost all natalizumab-related
PML cases after treatment discontinuation.'® It is important
to note that this can also be the first manifestation of PML,
which has been referred to as PML unmasking.>® IRIS results
from an excessive and possibly dysregulated immune re-
sponse against pathogen-derived antigens.'® While this leads
to improved control of JCV replication, it comes at the cost
of inflammatory injury, clinical worsening related to mass
effect, and likely an excess of bystander glial and neuronal
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loss.*” Without a specific biomarker or consensus definition
across PML patient populations, diagnosis of PML-IRIS is
commonly based on imaging or is presumed based on clinical
setting.38 As such, overtreating or undertreating in-
flammation in PML is not uncommon. As a rule-of-thumb,
treatment of inflammation in PML should be undertaken
judiciously and reserved for cases of severe CNS in-
flammation. When lumbar puncture can be performed, clear
evidence of virologic control may lend support to this ther-
apeutic decision. Pitfalls in recognizing PML-IRIS can arise
from the physician’s failure to identify the temporal re-
lationship between PML occurrence and the onset of im-
mune recovery. Similarly, noncontrast brain MRI may
preclude accurate assessment of CNS inflammation. Con-
versely, onset of contrast-enhancing lesions on a follow-up
brain MRI in known PML with no clinical worsening should
be considered a physiologic response to infection that does
not require treatment. Corticosteroids should not be ad-
ministered preemptively because they may impair ability to
control infection.

While extremes may be more easily identified, it is otherwise
not always straightforward to understand whether symptom
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worsening is related to PML progression or to mounting
inflammation without longitudinal assessments. Careful
monitoring before and after any treatment intervention is,
therefore, key for guiding next steps, including both imaging
and JCV viral load measurement in CSF.

Are There Any Clinically Relevant
Prognostic Markers?

PML is a devastating disease, with one-year mortality ranging
from 20% to 90%.*”*° Many factors contribute to PML
prognosis, and recognizing these is important to identify
patients at the highest risk of poor outcomes. For these,
potential benefits of experimental immunotherapy aimed at
enhancing antiviral immune restoration may outweigh the
risks of immune-mediated complications (Table 1).

The primary prognostic factor is the underlying condition,
reflecting the severity of immune deficiency and the likeli-
hood of the patient’s immune system to recover. In a cohort
of 584 patients with incident PML, with a one-year all-cause
mortality rate of 38.2% (34.2-42.2), mortality was 17% and
33% in patients with iatrogenic PML related to immune-
mediated diseases (mostly represented by MS) and HIV-
related PML, respectively.® In these cases, stopping immu-
nosuppressive drugs or initiating ART can often promptly
reverse immunosuppression. Conversely, mortality varied
from 42% to 68% in patients with solid organ transplant,
primary immune deficiency, hematologic malignancy, and
solid cancer—conditions associated with severe immune
deficiency and a lower likelihood of timely immune response
recovery.

Similarly, factors associated with improved survival include
age at PML diagnosis,®** higher performance status at
baseline,*' shorter delay to PML diagnosis,*' less severe
motor weakness,” and less profound CD4 T-cell lympho-
penia.* Virologic and radiographic biomarkers associated
with improved survival include measurable JCV-specific
T-cell responses early in the course of PML,* lower JCV
copy number in CSF at baseline,”*® JCV clearance from CSF
during follow-up,***” and reduced MRI disease burden
during follow-up.> In this regard, we have shown that a de-
fined decline in quantitative JCV DNA in CSF—possibly as

small as 0.25log;o—has the potential to serve as a valuable
biomarker of PML disease course and treatment response.”’
All these biomarkers hold promise as direct or indirect
measures of severity of immunosuppression and of its po-
tential reversal.

Finally, functional evaluation of the immune response against
JCV, assessing cytokine production or cell proliferation after
stimulation with JCV major antigens, may reflect the ability of
the patient’s immune system to control JCV replication;
however, none of these assays have been standardized, and at
present, their availability is limited to the research setting.
Although a correlation between presence of antiviral im-
mune response and survival is described,”®*>** the relevance
of these assays to help manage patients with PML still has to
be investigated.

When Might Experimental
Immunotherapeutic Interventions Be
a Reasonable Treatment Option?

Emerging immunotherapeutic strategies aimed at promoting
the restoration of antiviral immune responses have garnered
increasing attention. These strategies mainly include the use
of interleukin-7 (IL-7)* and immune checkpoint inhibitors
(ICIs).***” A third approach is the adoptive transfer of
polyomavirus-specific T cells from a related or unrelated
donor.*"**° While these strategies are promising, it is im-
portant to emphasize that they remain experimental, with
incomplete understanding of risks or of which patients have

the greatest likelihood of benefit.

Although based on scientific rationale, these strategies are
only supported by a low level of evidence, primarily case
series and literature reviews involving heterogeneous pop-
ulations of patients with PML referred to tertiary care cen-
ters; despite reported benefit, mortality remains high
(Table 2). Because all patients also received SOC in the form
of discontinuing immunosuppressive medications or starting
ART, as applicable to the underlying disease, the direct im-
pact of immunotherapies on survival is difficult to ascertain
in noncontrolled studies. Furthermore, the risk-to-benefit
ratio of such strategies is not fully understood, with various
ranges of adverse events reported, likely dependent on the

Table 1 Key Prognostic Factors for Outcomes in PML

More favorable

Less favorable

ART-treated HIV or MS-related PML
Measurable JCV-specific immune responses
Lower CSF JCV DNA at baseline

CSF JCV DNA clearance during follow-up
CD4 T-cell count >100/mL

PML related to hematologic malignancy,
cancer, solid organ transplant, primary
immune deficiency

High initial CSF JCV load

Increase in JCV DNA in the CSF

Male sex and age >60

Abbreviations: ART = antiretroviral treatment; JCV = JC polyomavirus; PML = progressive multifocal leukoencephalopathy.
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Table 2 Summary of Studies Using Immunotherapy for Treatment of PML®

Number of One-year Adverse events (not including IRIS)
Study Design patients survival (%) IRIS (%) (%)
rhiL-7 Lajaunie Multicentric retrospective 64 35/64 (54.7) 5/64 15/64 (23.4), 8/15 being local
et al.*® survey o HIV: 27 e HIV: 14/27 (51.9) (7.8) reactions and flu-like symptoms
e HM: 16 e HM: 8/16 (50)
e PID: 13 e PID: 7/13 (53.9)
¢ SOT: 4 * SOT: 3/4
e IMD: 4 o CID: 3/4
Checkpoint inhibitors Boumaza Multicentric retrospective 79 41/79 (51.9) 15/79 24/79 (30.4), 14/24 being potential
et al.¥’ survey e HIV: 12 e HIV: 6/12(50)  (19) off-target adverse events
e HM: 38 e HM: 19/38 (50)
e PID: 14 e PID: 8/14 (57.1)
e SOT: 2 * SOT: 0/2
e |MD: 8 e CID: 5/8 (62.5)
e Cancer: 5 e Cancer: 3/5 (60)
Polyomavirus-specific Cortese Monocentric prospective 12 7/12 (58.3) None No infusion reactions
T cells et al.>® cohort o HM: 6 o HM: 4/6 (66) No grade 3 or 4 adverse event
e PID: 3 e PID: 0/3 related to the treatment
e IMD: 2 e CID: 2/2 1 neutropenia case, 1 fever episode
e Other: 1° e Other: 1 and 1 pruritis case were deemed
possibly related
Pocora Monocentric prospective 19 6/19 (31.6) 119 Not reported
etal.*? cohort o HM: 12 e HM: 4/12(33)  (5.3)
e PID: 5 e PID: 2/5 (40)
e IMD: 2 «CID: 0
Mohn et al.>’  Multicentric retrospective 28 20/28 (71.4) 3/28 Transient skin rash in 3 patients
survey o HIV: 2 VHIV: 2/2 (10.7) Increase in liver enzymesin 1 patient
e HM: 17 o HM: 11/17 (64.7)
e PID: 4 e PID: 3/4
e IMD: 4 o CID: 4/4
e Other: 1° o Other: 0

Abbreviations: IMD = immune-mediated disease; HM = hematologic malignancy; IRIS = immune reconstitution inflammatory syndrome; PIDs = primary

immune deficiencies; PML = progressive multifocal leukoencephalopathy; SOT = solid organ transplant recipient.

2 Excluding studies with fewer than 5 patients.
P Hepatitis B and D and chronic kidney disease with hemodialysis.

underlying condition. Translational studies and clinical trials
are thus necessary to validate their effectiveness and safety.

These immunotherapeutic strategies may be valid options for se-
lect patients unlikely to achieve timely immune recovery, guided by
personalized decision making that considers likelihood of immune
recovery and the risk of immune-mediated adverse effects
(Figure 2). For patients with long-standing immune deficiency
resulting as sequela of cancer treatments, those with primary im-
mune deficiencies, or transplant recipients—conditions associated
with the worst PML prognosis—an immunotherapeutic strategy
might be considered along with minimization of any active im-
munosuppression, where possible. Conversely, for patients with
potential for rapid reversal of immunosuppression, such as those
with HIV infection and iatrogenic PML-associated short-acting,
non-cell-depleting therapies, SOC alone should be applied first
line, with experimental immunotherapeutic strategies considered
early upon failure during follow-up. Immunotherapeutic strategies
are to be avoided in the setting of PML-IRIS, because they could
precipitate life-threatening CNS inflammation and would not be
expected to provide incremental benefit.

When an experimental immunotherapy is indicated, the
choice should be pragmatic and personalized because, at
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present, good evidence or predictive markers of efficacy are
lacking. Each of the 3 main strategies has advantages and
drawbacks. IL-7 and adoptive transfer of T cells may be
particularly suited for severely lymphopenic patients, be-
cause the benefit of blocking checkpoint molecules in this
context is less likely to be successful. ICIs might be preferred
if the underlying condition itself could also benefit from
immune checkpoint blockade, such as Hodgkin lymphoma
or certain solid cancers, effectively using one treatment to
address multiple issues. The use of ICIs holds greater risk in
patients with immune-mediated diseases and hematopoietic
stem cell transplant recipients in whom exacerbation of flares
of the underlying condition or graft-versus-host disease
could lead to significant morbidity and necessitate resumed
immunosuppression.®> However, broader use of ICIs will
help clarify specific risks in patients with underlying immune-
mediated diseases. For example, recent data suggest that the
overall risk of MS reactivation under ICIs is low and likely
related to discontinuation of disease-modifying therapy after
a cancer diagnosis.>® The therapeutic index of ICIs in solid
organ transplant recipients is also limited by the risk of
transplant rejection.”* In these situations, adoptive transfer
of T cells may be preferred. ICI use in HIV-related PML is
limited to only a few cases to date, with most of these having
Neurology: Clinical Practice
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a favorable outcome. The risk of promoting IRIS is a major
concern in this patient group and underscores the impor-
tance of patient selection and monitoring.>® There is far less
experience using IL7; however, at least theoretically, the
adverse effect profile could be similar to that of ICIs. Finally,
the accessibility of these strategies is limited by costs, com-
plexity, and availability. IL7 is not commercially available
and, therefore, only provided in the clinical research setting
or directly by the manufacturer on compassionate use basis.
While ICIs are readily available for prescription, adoptive
T-cell therapy may be limited by the need to identify a suit-
able donor—both compatible with the recipient and pos-
sessing robust anti-JCV activity. This process is time-
consuming and may be incompatible with the urgency of
the clinical situation, representing a major barrier to the
timely implementation of this therapeutic approach. Third-
party cell banks have overcome some of these issues but are
available only in a few centers worldwide.

Whenever possible, experimental therapies should be ad-
ministered as part of a clinical study to ensure rigorous
evaluation of their efficacy and safety.

How Do We Monitor Patients
During Follow-Up?

Monitoring a patient with PML must be tailored to the
individual’s clinical context, guided by therapeutic decisions,
and may require repeated multiparametric assessments to
optimize management. In our practice, we usually conduct
monthly follow-up during the initial 6 months of PML
management or until patient stabilization is achieved or CSF
JCV DNA is persistently undetected. This period coincides
with the greatest PML-related mortality.> Clinical follow-up
monitors for change in neurologic examination and any in-
tercurrent medical complications, as well as addresses psy-
chological distress in the patient and their family. Brain MRI
with contrast is repeated at each visit, as is blood work to
track absolute lymphocyte counts. It is important to note
that quantitative CSF JC viral load provides a measure of
direct virologic control, as its decline—or lack thereof—is
a predictive biomarker.>*” In our practice, we consider
changes greater than 0.5 log, to be clinically relevant, while
2 JCV DNA measurements with changes less than 0.5 log,
may be an early sign of stabilization. In the event of neuro-
logic deterioration, brain MRI patterns and JCV DNA in
CSF can help differentiate between PML progression and
development of CNS inflammation (Figure 3), avoiding
need for definitive demonstration by histopathology.

In patients who survive PML beyond 9-12 months, the fre-
quency of monitoring can be reduced and the need for repeat
brain MRI and/or lumbar puncture can be driven by the
clinical course. At this stage, follow-up will primarily focus on
clinical assessments and rehabilitation, with brain MRI only
pursued in the event of neurologic worsening. Lumbar
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puncture is not medically useful at this stage. Most of the
patients will have neurologic sequela, and often, these are
severe and irreversible.*® Regular follow-up with the spe-
cialist managing the underlying condition remains essential,
especially considering many patients may have to forgo op-
timal management of the predisposing disease to maintain
PML control. Notably, clinicians should be aware that dis-
continuation of certain medications is more likely to be as-
sociated with relapse of the underlying disease; for example,
discontinuation of sphingosine-1-phosphate receptor mod-
ulators is associated with a high likelihood of MS relapse,
even compared with discontinuation of natalizumab.>”

Conversely, the frequency of PML relapses after initial sur-
vival is unknown, but most are seen with worsened immu-
nosuppression due to uncontrolled HIV infection in the
setting of noncompliance or drug resistance, or due to rein-
troduction of immunosuppressive drugs to manage pro-
gression of the underlying condition. Thus, resuming
immunosuppressive therapy in a patient with a history of
PML requires careful consideration and multidisciplinary
management, including weighing the risk-benefit ratio and
selecting immunosuppressive agents with the lowest risk of
JCV reactivation and greatest possibility of rapid reversal.
With increasing numbers of patients with underlying
immune-mediated disease surviving PML, there may be
opportunity to explore optimal strategies. If immunosup-
pressive therapy is resumed, a monitoring plan including
clinical and MRI evaluations and CSF JCV DNA measure-
ments should be established at baseline and conducted
regularly.

How Do We Treat Inflammation
in PML?

Understanding the significance of occurrence of in-
flammation in PML is crucial for clinicians managing im-
munocompromised patients because recognition and
appropriate management can affect outcomes. Not all in-
flammation in PML requires treatment, and corticosteroids
should not be used to treat isolated radiologic evidence of
inflammation in the absence of clinical deterioration, as this
should be interpreted as physiologic and beneficial antiviral
immune responses that should be preserved (Figure 1).
When treatment is indicated, steroids are the mainstay;
however, dose, route of administration, and duration of
treatment vary widely in the literature.”®*® While corticosteroids
are commonly given, the authors would advocate judicious uti-
lization. Indeed, high-dose steroids have a profound impact on
the JCV-specific T-cell response and can compromise control of
JCV replication.”> Moreover, most cases of inflammatory PML
are characterized by mild symptoms and limited CNS in-
flammation that are well tolerated. In our experience, a starting
dose of 1 mg/kg of prednisone can be proposed with tapering
over several weeks (for instance, of 10 mg/wk). Higher doses, up
to 0.5-1 g/d in bolus, may be justified in the short-term life-

Neurology.org/CP

€200594(8)


http://neurology.org/cp

Downloaded from I

TAKE-HOME POINTS

> The management of progressive multifocal leu-
koencephalopathy (PML) can be complex and often
requires a multidisciplinary approach, potentially
involving—depending on the patient and the treat-
ing physician’s expertise—infectious disease spe-
cialists, virologists, neurologists, neuroradiologists,
immunologists, hematologists, and other special-
ists in the underlying condition, as well as re-
habilitation teams.

> First-line management for PML is directed at
reversing the immune suppressed state by early
initiation of effective antiretroviral therapy in
people living with HIV or discontinuation or tapering
of immunosuppressive drugs in the context of
iatrogenic PML. Beyond these clinical scenarios,
however, a clear standard of care is lacking.

> Experimental immunotherapeutic strategies to
facilitate restoration of JC virus-specific immune
functions may be considered on a case-by-case
basis, depending on the type of underlying condi-
tion and clinical course, and should be avoided in
the setting of effective immune reconstitution
achieving virologic control.

> Management of inflammation in PML relies on the
judicious use of corticosteroids. Not all inflamma-
tion in PML requires treatment.

threatening cases (e.g, brain herniation due to mass effect).
Corticosteroid dependence, with new worsening when the dose
of steroids is tapered, can occur and necessitates close clinical
monitoring. The optimum dose and duration of steroids remain

to be established.

Conclusion

The management of PML remains a clinical challenge that
requires precise characterization of disease status at pre-
sentation and rapid initiation of SOC. Current assessment
relies on an integrated interpretation of clinical findings,
MR, and virologic parameters. Emerging assays evaluating
antiviral immune responses and their kinetics may soon offer
additional, clinically relevant dimension to disease monitor-
ing. When an experimental immunotherapy is considered as
an adjunct to standard care, the decision must be carefully
weighed based on a thorough assessment of the risk-benefit
ratio. Robust translational research and clinical trials are
needed to determine the efficacy and safety of these inter-
ventions. Finally, harmonizing assessment protocols across
centers would enhance the quality and comparability of data,
facilitating future collaborative and data-sharing efforts.
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