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Checkpoint inhibitors and progressive multifocal
leukoencephalopathy: friends of foes?
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Progressive multifocal leukoencephalopathy (PML) has
evolved in the last decade from a disorder of acquired
immune deficiency syndrome (AIDS) patients into a rare but
fatal complication of several life-saving therapeutics (ranging
from rituximab in non-Hodgkin lymphomas to natalizumab
in multiple sclerosis). PML is linked to opportunistic
reactivation of the latent human JC polyomavirus (JCV),
which leads to emergence of neurotropic strains causing
brain demyelination.

Evidences supporting CD4+ T cells lymphopenia as the
preponderant risk factor for PML include AIDS being the
disease with the highest incidence of PML in the pre-highly
active antiretroviral therapy (HAART) era, and occurrence
of more than 15 cases of PML in males with idiopathic
CD4+ T cells lymphopenia (ICL) (a very rare immune
deficiency preserving B lymphocyte and immunoglobulin
levels) (1). Accordingly, the incidence of HIV-related PML
has decreased after adoption of HAART, from 14.8/1,000
to 0.8/1,000 in 1996 and 2011, respectively (2), and in
an ICL patient treated with the T-cell lymphopoietic
drug recombinant human IL-7 PML went into complete
remission once CD4+ T lymphocyte counts returned to
normal (3).

CD4+ T cells lymphopenia is the shared mechanism for
many drugs causing PML. Rituximab and other anti-CD20
monoclonal antibodies, dimethyl fumarate and natalizumab
are all known to cause CD4+ T lymphopenia (4).
Carotenuto and coworkers demonstrated that CD4+/CD8+
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ratio during natalizumab therapy is related to anti-JCV
antibody index at baseline and even more after 12 and 24
months of therapy (5). No consensus treatment for PML
exists yet, and the rarity of the disease causes most cases
to be enrolled in N-of-1 clinical trials. As for any other
virus-driven disease, treatments can be classified as direct
or indirect, as summarized in 7able 1. In PML patients
JCV-specific CD8+ cytotoxic T lymphocytes express PD-1
more frequently than total CD8+ T lymphocytes, and
that PD-1 receptor blockage boosts JCV-specific T-cell
immune response in a subgroup of PML patients (6). The
finding was not unexpected since PD-1 expression on T
lymphocytes is rapidly induced after antigen exposure,
following engagement between TCR and its cognate
epitope-loaded MHC molecule in the draining lymph
nodes (7). PD-1 RNA expression is detected in T
lymphocytes just 2 hours after TCR-specific stimulation (8).

In March 2019, Hoang et 4l. at Washington University
reported the first PML patient successfully treated with
nivolumab (3 mg/kg every 2 weeks for 5 doses) (9). Then
in the April 2019 issue of New England Fournal of Medicine,
three independent hospitals described treatment of 6
out of 10 PML cases (a case series of 8 from NIH and 2
accompanying case reports from Toulouse and Freiburg) with
the checkpoint inhibitors (CPi) pembrolizumab (2 mg/kg
every 4-6 weeks for up to 3 doses) (10,11) or nivolumab (12).
They are both IgG4 molecules that are small enough to
cross the blood-brain barrier. The patients had different
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Table 1 Current treatment approaches for PML

Focosi et al. CPi and PML

Treatment Type

Direct e Receptor antagonism: 5-HT,, antagonists (risperidone, and mirtazapine)

e Lysosomal fusion: mefloquine
o DNA replication: cidofovir

Immune reconstitution

JCV-specific e Vaccination against JCV-VP1 (unlikely to be effective in immunocompromised patients)

o Adoptive therapy with third-party (off-the-shelf) cross-reacting BKV-specific T lymphocytes (risk of delivering
HIV-infected infused cells into the CNS, potentially resulting in HIV infection of the brain?)

JCV-aspecific e Treating the underlying cause of immunosuppression (e.g., discontinuation of the immunosuppressant)

e Plasma exchange or immunoadsorption to minimize exposure to long-acting immunosuppressants (e.g., IgG

monoclonal antibodies)
e Recombinant human IL-2
e Recombinant human IL-7 (CYT107)
e Filgrastim (rHuG-CSF)

e Checkpoint inhibitors

PML, progressive multifocal leukoencephalopathy; JCV, JC polyomavirus.

underlying conditions, including non-Hodgkin lymphoma,
ICL, and HIV infection.

CPi (anti-PD-1 and anti-PD-L1) are extensively used
nowadays as aspecific active immunotherapeutic agents
that work by “awakening” senescent T lymphocytes in
solid and hematological malignancies, hence restoring
immune surveillance (Figure I). Since PML is largely
a disorder of immune deficiency, it makes sense that
JCV immunity restoration improves PML course (13).
Both pembrolizumab and nivolumab target PD-1, while
ipilimumab targets CTLA-4, and atezolizumab, avelumab
and durvalumab target PD-L1. Combination between
anti-PD-1 and anti-PD-L1 has been shown synergic in
anti-cancer therapies, and could be investigated in PML,
too. Although the more than 70% success rate raised
enthusiasms, several caveats apply:

(I)  preexistence of JCV-specific CD4+ T cells was
shown to be a prerequisite for therapeutic success,
making ELISPOT a necessary screening before
initiation of treatment;

(II)  a decrease in the size of the lesions was interpreted
as treatment efficacy, but in some cases, the PML
lesions were replaced with atrophy, a finding
consistent with destruction of white matter by
PML rather than with elimination of the lesions.
Furthermore, the absence of contrast enhancement
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(I1I)
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VD

on MRI suggests that the immune checkpoint
blockers may not have been potent enough to
trigger the immune reconstitution inflammatory
syndrome (IRIS) (14);

no data were disclosed regarding the effect of
PD-1 blockade on JCV-specific CD8+ cytotoxic
T lymphocytes, which are considered by some
researchers the most important effectors of the
cellular immune response (15);

although the 11 patients had only minor side
effects, severe side effects (such as autoimmune
disorders or cytokine release syndrome) often
accompany CPi-induced systemic immune
activation. All these drugs have been approved by
FDA since March 2015 on only, so their safety
profile is still under investigation;

two of the PML patients with HIV who
experienced response to CPi also had therapy
with HAART, although they were progressing
before CPi treatment, and one PML patient with
CLL had already achieved stable disease before
initiating CP1i treatment;

these series did not include any organ transplant
patients, and it would be interesting to see whether
CPi work in this group without significant
adverse events. CP1i are relatively contraindicated
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Figure 1 The PD-1/PD-L1 pathway in viral infections.

in patients on steroids [such as those with
autoimmune disorders and organ transplant, as
steroids may (theoretically) prevent the immune
stimulation] but have been used in transplant
patients for treatment of malignancies, with
both tumor regression and graft rejection (16).
Hence, the risk to benefit ratio must be carefully
considered before using CPi for PML in transplant
patients (17);

(VII) on the other side of the coin, 5 cases of PML have
instead be reported after nivolumab (14,18) and 3
cases after pembrolizumab in EudraVigilance. So,
it is not clear whether CPi are friends or foes for
PML.

Sanjo et al. reported an increase in CD4+ T-cell
infiltrations and a normal CD4:CD8 ratio in the PML
good prognosis group. An increase in CD138+ plasma
cells was also observed in the good prognosis group, and
the number of CD138+ plasma cells was significantly
associated with the number and PD-1+ cells). Regulatory
plasma cells may regulate inflammatory T-lymphocytes
activity by the PD-1/PD-L1 pathway, sparing uninfected
brain from immune-mediated damage during ongoing JCV
infection (19).

Educational management and risk minimization
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strategies should remain the main path to minimize PML
incidence (20), but whenever it occurs, the therapeutic
armamentarium has now one more weapon. What is
amazing is that the world of virology and the world of CPi’s
are having more and more cross points: e.g., oncolytic
viruses synergize with CPi’s (21), CPi can be delivered via
viral vectors (22), and CPi have proven effective at treating
virus-associated cancers (23). To date CPi have been
mostly associated with serious infection (e.g., aspergillosis,
tuberculosis, listeriosis, pneumocystis pneumonia, and
cytomegalovirus) either from immune dysregulation, drug-
induced neutropenia, or from immunosuppression linked to
the management of immune-related adverse events (24), but
treating opportunistic chronic viral infections with host-
directed CPi therapy could be one more use (25). T-cell
exhaustion is well known in chronic infections: accordingly,
PD-1 is actually overexpressed in HIV, hepatitis B and/or
C virus patients due to chronic antigenic stimulation. As
always, fine-tuning the risk-benefit ratio between exaggerate
immune activation and immune reconstitution will remain
the main hurdle.
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