Published Ahead of Print on July 5, 2023 as 10.1212/WNL.0000000000207533

| \ | eu rolo ® AMERICAN ACADEMY OF
NEUROLOGY.

The most widely read and highly cited peer-reviewed neurology journal

The Official Journal of the American Academy of Neurology

Neurology Publish Ahead of Print
DOI1:10.1212/WNL.0000000000207533

Bridging the Gap: Immunotherapy in Progressive Multifocal Leukoencephalopathy: A New
Hope?

Author(s):
Tristan Born, BM!; Paola Vassallo, MD?; Dela Golshayan, MD, PhD?; Giovanni Di Liberto; MD, PhD!; Jean-Philippe Brouland,
MD3; Kristof Egervari, MD, PhD# Doron Merkler, MD* Renaud A. Du Pasquier, MD'; Raphael Bernard-Valnet, MD, PhD!

Corresponding Author:
Raphael Bernard-Valnet, raphael.bernard-valnet@chuv.ch

Affiliation Information for All Authors: 1. Neurology Service, Department of Clinical Neurosciences, Lausanne University
Hospital (Centre Hospitalier Universitaire Vaudois) and University of Lausanne, Lausanne, Switzerland ; 2. Transplantation
Center, Department of Medicine, CHUV Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland ; 3.
Pathology department, Lausanne University Hospital (Centre Hospitalier Universitaire Vaudois) and the University of
Lausanne, Lausanne, Switzerland ; 4. Service of Clinical Pathology, Diagnostic Department, University Hospitals of Geneva,
Geneva, Switzerland.

Equal Author Contribution:

Contributions:

Tristan Born: Drafting/revision of the manuscript for content, including medical writing for content; Major role in the
acquisition of data

Paola Vassallo: Drafting/revision of the manuscript for content, including medical writing for content

Dela Golshayan: Drafting/revision of the manuscript for content, including medical writing for content

Giovanni Di Liberto: Drafting/revision of the manuscript for content, including medical writing for content

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited



Jean-Philippe Brouland: Drafting/revision of the manuscript for content, including medical writing for content

Kristof Egervari: Drafting/revision of the manuscript for content, including medical writing for content; Major role in the
acquisition of data

Doron Merkler: Drafting/revision of the manuscript for content, including medical writing for content; Major role in the
acquisition of data

Renaud A. Du Pasquier: Drafting/revision of the manuscript for content, including medical writing for content

Raphael Bernard-Valnet: Drafting/revision of the manuscript for content, including medical writing for content; Major role in
the acquisition of data

Figure Count:
1

Table Count:
0

Search Terms:
Immunotherapy, JC virus, Progressive multifocal encephalopathy

Acknowledgment:
‘We would like to thank the patient’s family for their help and RevImmune for providing CYT107 for compassionate use.

Study Funding:
The authors report no targeted funding.

Disclosure:
The authors report no relevant disclosures.

Preprint DOIL:

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited



Received Date:
2022-10-02

Accepted Date:
2023-05-04

Handling Editor Statement:
Submitted and externally peer reviewed. The handling editor was Resident and Fellow Deputy Editor Ariel Lyons-Warren, MD,
PhD.

Abstract

Progressive multifocal leukoencephalopathy (PML) is a severe infection of the central nervous system
occurring in immunocompromised individuals in which large demyelinating lesions are induced by
polyomavirus JC (JCV). In the absence of effective antiviral treatment, control of-the infection relies on
restoring anti-JCV immunity. Thus, particularly in longstanding immunocompromising conditions such as
organ transplantation, lymphoproliferative disorders, or idiopathic lymphopenia, new strategies to boost anti-
JCV immune responses are needed. Here, we report the case of a patient.developing PML in the context of
kidney transplantation who received rh-IL-7 to foster immune responses‘against JCV. We give an overview
of the immunological mechanisms underlying‘the development of PML and immune restoration within the
central nervous system following JCV infection. Immunotherapeutic strategies developed based on current

understanding of the disease hold promise in managing patients with PML.

Case-report

A 78-year-old man with end-stage renal failure underwent renal transplantation in July 2021. His
immunosuppressive regimen included tacrolimus, mycophenolate mofetil and prednisone. Six months after
transplantation, the patient developed subtle production aphasia. Brain MRI demonstrated multifocal frontal
subcortical T2 hyper-intense/T1 hypointense lesions without contrast enhancement (Figure 1A-C) that were
initially mistaken as an ischemic stroke. After 5 days, symptoms worsened and PML was confirmed by
detecting JC virus (JCV) in the cerebrospinal fluid (CSF - 200 copies/mL). Consequently, maintenance
immunosuppression was minimized and a total of 2 g/kg intravenous immunoglobulins were given to
prevent transplant rejection. Twelve days after the first MRI, the patient exhibited significant psychomotor
slowing, mild aphasia, and proportional right-sided hemiparesis prompting a second MRI which showed
enlargement of PML lesions without contrast enhancement. Given severe lymphopenia (0.27 G/L) and the
absence of signs of immune reconstitution, a recombinant human IL-7 (rh-IL-7, CYT107, Revimmune) to
foster anti-JCV immune response was started 25 days after disease onset. This treatment allowed a rapid

restoration of lymphocyte count (1.75 G/L) within 10 days from treatment initiation. In parallel, the
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transplanted kidney was removed to avoid acute rejection. The patient subsequently developed a febrile
condition with caecal ischemia and agranulocytosis of unknown origin, treated empirically with
piperacillin/tazobactam. A few days later, he developed severe anemia and abdominal CT scan showed
hemorrhagic effusion in the nephrectomy lodge. Given predicted long term neurological sequelae and overall
abdominal evolution, the family and medical team decided to transition to palliative care. The patient passed
away 7 weeks after PML onset. Brain autopsy demonstrated a large white matter lesion in the left
hemisphere showing demyelination, relative preservation of axons and dense reactive phagocytes (CD68",
microglia/macrophages) with astrocytic (GFAPY) reaction (Figure 1 D-H). The presence of JCV in
characteristic nuclear inclusions of astrocytes and oligodendrocytes was confirmed by anti-SV40
immunostaining (Figure 1 1). Furthermore, in and around the lesion, an important. perivascular and
interstitial T-cell infiltrate was revealed (CD3" immunostaining), which was accompanied by a moderate
perivascular B-cell (CD20%) infiltrate (Figure 1 J-K). This considerable. T-cell recruitment in the brain

lesion may reflect the initiation of immune reconstitution.

Discussion

This case highlights challenges in treating PML, especially in patients with sustained immunosuppression.
PML is a rare opportunistic infection occurring iniimmunocompromised individuals including those with
HIV, idiopathic CD4+ lymphopenia, haematological. malignancies, or receiving treatment with
immunosuppressive/immunomodulatory. agents': The clinical presentation of PML, as described in this case,
is usually subacute and may encompass cognitive or speech impairment, motor or sensory dysfunction, or

ataxia. The classical radiological and pathological presentation for PML is shown in Figure 1 *.

PML results from reactivation of JCV. The.non-pathogenic form (archetype JCV) of the virus is transmitted
from person to person and infects the loropharynx before spreading hematogenously to distant organs such as
kidneys, bone marrow, or brain where it establishes latency/non-pathogenic persistent infection. In the
context of immune suppression, the virus proliferates and accumulates mutations, leading to the creation of
neurotropic rearranged (prototype) JCV. Then, following a second hematogenous spread or direct
reactivation within the brain, this rearranged JCV can cause a lytic infection of brain cells. Oligodendrocytes,
notably implicated in the generation and the maintenance of CNS myelin sheath, are particularly vulnerable,

leading to extensive white matter involvement seen both on MRI and in post-mortem pathology (Figure 1)".

Immunological mechanisms of infection control and reactivation

Virus control relies primarily on cellular immunity as demonstrated in this case by the CD3" T cell
infiltration (encompassing both CD4" and CD8" T cell subsets) seen at the edge of the lesion (Figure 1J).
Infiltration is dominated by CD8" T cells, with cytotoxic granules (granzyme B) polarized toward JCV-

infected CNS cells. CD8" T cells' transmigration to the CNS seems to occur due to the CCR5 tissue-homing
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cue 2. CD8" cytotoxic T lymphocytes (CTL) are instrumental in JCV control as they are found in the vast

majority of PML survivors®.

On the other hand, CD4" T helper (Th) cells likely also play an important role as reactivation occurs mainly
in patients with CD4 T cell deficiencies. Thl, and to a lesser extent bifunctional Th1-Th2 cells, produce
interferon-y (IFN-y) and 1L-4 within the infected brain and promote viral clearance *. Indeed, IFN-y is a key
regulator of the phagocytic activity of microglia and induces the expression of MHC class Il and co-
stimulatory molecules which allow them to function as antigen-presenting cells (APCs) for infiltrating T
cells. Furthermore, IFN-y stimulates expression of intercellular adhesion molecule (ICAM)-1, vascular cell
adhesion molecule (VCAM)-1, and chemokines such as CCL2, CXCL9, and CXCL10 by astrocytes, which
may facilitate T cells recruitment to the brain. This instrumental pathway could be affected.in some patients
with PML who display abnormal CD4" T cell responses against JCV with a lack of IFN-y production . The
production of IL-4 is more unexpected and could participate in viral clearance by stimulating both humoral
immunity and CD8" T cells *°. IL-4 may also have a neuroprotective role by.enhancing neuronal survival

and recovery ’.

Furthermore, as in other infectious diseases, T cells in PML may exhibit an exhausted phenotype. Exhaustion
is a state of immune dysfunction characterized by-the expression of inhibitory receptors such as the
programmed cell death protein (PD)-1 leading to reduced cytokines production and cytotoxicity °.

The role of B cells in anti-JCV responses has'been detailed elsewhere and will not be covered here °.

Immune reconstitution inflammatory syndrome (IRIS)

To date, the best therapeutic option for PML relies on rapid restoration of immunity. Yet, immune response
recovery is a double-edged sword as.it may cause IRIS in a substantial proportion of patients. IRIS consists
of a dysregulated anti-JCV immune response within the CNS, notably mediated by the cytotoxic activity of
CD8" T cells towards infected cells. It involves non-specific tissue destruction induced by blood-brain
barrier dysfunction, edema, and activation of macrophages and microglia *°. Clinically, IRIS is defined as a
paradoxical deterioration in clinical status with specific MRI features not seen in PML (contrast
enhancement, edema, mass effect). Management of PML-IRIS relies on corticosteroids. Targeted strategies
to block the migration of CCR5* CD8" T cells have failed to demonstrate a beneficial effect ™.

In transplant recipients, it is unclear if rapid immune reconstitution could induce graft rejection. To prevent

such acute rejection, we decided, in this case, to prophylactically explant the grafted kidney.

Immunotherapies in PML

Although restoration of anti-JCV immune responses is crucial for PML treatment, it remains challenging in
patients with long-standing immunosuppression such as organ transplant recipients leading to a direct impact
on prognosis *2. Understanding the immunological mechanisms underlying PML opened a new era. Indeed,
immunological treatments/strategies have been repurposed to reinvigorate anti-JCV immune responses. In

this case, we concomitantly withdrew immunosuppressing drugs and initiated rh-IL-7 hoping to allow
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immune reconstitution in the periphery and the CNS (Graphical abstract). Rh-1L-7, previously developed
for sepsis, is a crucial cytokine for T-cell maturation that stimulates the proliferation of naive and memory T
cells including JCV-specific ones. Rh-1L-7 might then improve survival and prognosis in PML. We favoured
IL-7 based on its safety, the main adverse effect being injection site reactions and transient flu-like
symptoms, and a lower rate of IRIS (5.8%) *°. Given the immune reconstitution observed in this case (both in
the periphery and on CNS pathology), we could suggest that rh-1L-7 was sufficient to reinvigorate anti-JCV
responses. However, our patient’s poor outcome illustrates that time to introduce treatment is likely key to

preventing severe neurological damage.

Two other immune strategies have been recently proposed. First immune checkpoint inhibitors (ICIs), which
have expanding indications in cancer, may improve PML outcomes. The rationale relies on blocking PD-1
on JCV-specific T cells, thus stimulating their proliferation and clearance of the virus. A very low number of
T cells at baseline and the phenotype of terminal exhaustion have been associated with treatment failure *2
Yet, ICIs were associated with frequent (30%) immune-related adverse events.(i.e colitis; pneumonitis) and
IRIS (19%) ™.

Second, JCV-specific T-cell transfer has been the most promising strategy so far but its availability remains
limited to a few expert centers 1215 In this treatment;“mononuclear cells are obtained from HLA-matched
healthy donors or the patient and expanded in vitro in the presence of JCV or BK polyomavirus antigenic
peptides (both viruses share several immunogenic peptides). Transfer of in vitro stimulated T cells allows

the reconstitution of a pool of anti-JCV T.cells with cytotoxic capacities.

Conclusion

PML is an interesting model to illustrate-how understanding a pathology's underlying immune mechanisms
may lead to the design of innovative therapeutic strategies. Although these strategies offer new perspectives
for the treatment of PML, it is.not the long-awaited panacea as demonstrated in our patient. Large case series
tend to suggest it might be beneficial, especially in patients with a grim prognosis ***°. Unfortunately, the
availability of these treatments is still limited to expert centers. Last, international controlled clinical trials

are needed to ascertain efficacy and safety.
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Figures:

Graphical abstract - Development of PML and mode of action of immunotherapies in immune
reconstitution. In immunocompromised patients, reduction of immune surveillance (decrease in the number
of B and T cells, decrease penetration in the CNS, increase in exhaustion markers, and subsequent reduction
in cytokines production and cytotoxicity) leads to proliferation of the archetypic JCV in sites of latent
infection (kidney, bone marrow, lymphoid tissues) (1). This reactivation and proliferation allow the
accumulation of mutated neuropathogenic JCV (prototype JCV) that spreads hematogenously and penetrates
the CNS either directly as cell-free viruses or in infected B cells. Infection of brain parenchyma by
neuropathogenic JCV leads to the clinical picture of PML notably by lytic infection of oligodendrocytes and
subsequent demyelination (2). In vitro activation and proliferation of JCV-specific T cells, the proliferation
of naive T cells stimulated by rh-1L-7, and stimulation of T cells by ICIs are three promising strategies to
recover JCV-specific T-cell responses. Sometimes these three interventions may fail to reconstitute a
sufficient pool of JCV-specific T cells. (3). These activated T cells migrate to. the brain and induce viral
clearance by direct cytotoxic activity mediated by CD8" subset. Liberation of IFN-y and IL-4 by CD4" Thl
and bifunctional Th1-Th2 cells could support this clearance and participate in resident glial cell activation

(4).
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Figure 1 - Radiological and pathological features in PML. Representative MRI images showing canonical
PML presentation with T2 hyperintense (A) and T1 hypointense (B) lesion of the frontal subcortical white
matter and partially involving U fibers. In diffusion-weighted images (DWI/ADC), the lesion presents a
demyelination front (C). Hematoxylin & eosin (HE, D, the position of the inset on the bottom and grey
matter/white matter limit are highlighted by dashed lines), Luxol-fast blue periodic acid-Schiff (LUPAS, E)
and anti-neurofilament immunostained (NF, F) histological sections show extensive white matter
demyelination with relative preservation of axons. Numerous reactive astrogliosis (GFAP, G) and foamy
macrophages (CD68, H) are found within the lesion. JC virus inclusions in nuclei of oligodendrocytes
(double arrow in D) and astrocytes (simple arrows in D, G) are highlighted by SV40 immunostaining (I,
simple arrows). T cell infiltration is seen in the perivascular and interstitial spaces (CD3;J), accompanied by
perivascular B cells (CD20, K). Scale bars =5 mm (D-F) and 50 um (Inset on the bottom in'D; G-K).
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