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A 71-year-old Caucasian man presented with dysarthria

and fluctuating hypoesthesia of the right upper limb in

early 2019. Brain magnetic resonance imaging (MRI)

demonstrated T2/fluid attenuated inversion recovery

hyperintense lesions in the left parietal cortical grey

matter and adjacent white matter compatible with

embolic stroke of undetermined source. Eight weeks

later, symptoms had further progressed with loss of

adequate communication, disturbance of fine motor

skills, ataxia and neuropsychiatric symptoms. Wide-

spread disease on brain MRI and the detection of JC

polyomavirus (JCPyV) DNA from cerebrospinal fluid

(CSF) confirmed the diagnosis of progressive multifocal

leukoencephalopathy (PML) [1]. Bone marrow biopsy

revealed normal findings, and no underlying cause of

reduced immunocompetence was identified. Despite

rehabilitation, treatment with mirtazapine and two

cycles of interleukin-2 (IL-2) (1 mio IE/m² sc once per

day for 7 days) administered 2 weeks apart [2], symp-

toms and MRI lesions further progressed, with com-

plete immobility and severe dysphagia. Nine weeks

after definite PML diagnosis and 4 weeks after the last

IL-2 dose, a total of three cycles of monthly infusions

of pembrolizumab were applied. At the initiation of the

third cycle of pembrolizumab, cognitive performance

and fine motor skills had temporarily improved, and

the patient had regained the ability to walk a few steps

with assistance. On MRI, no increase in lesion load and

no signs of an immune reconstitution inflammatory

syndrome were noted. JCPyV DNA, after a decline that

started already following the IL-2 therapy, was no

longer detected in CSF, collectively suggesting PML

remission (Fig. 1). Enzyme-linked immunosorbent

assays revealed increasing JCPyV-specific antibody

titers in blood and CSF (AIJCPyV > 1.5 [3]). A pem-

brolizumab effect was indicated by reduced pro-

grammed cell death protein 1 (PD-1) expression on

peripheral CD4+ and CD8+ T cells after the treatment.

Also, during the disease course of PML and following

pembrolizumab treatment, proportions of innate

immune cells (CD56dimCD16-cytotoxic NK cells,

CD14+ CD16 classical and CD14dim CD16+ non-

classical monocytes and CD11+ dendritic cells) and

pro-inflammatory cytokines and chemokine increased

(Appendix S1, Table S1). Four weeks following the last

infusion with pembrolizumab, aspiration pneumonia

was suspected, and the patient received intravenous

piperacillin/tazobactam 4/0.5 g three times per day for

7 days with temporary relief of symptoms. No causa-

tive bacteria were detected from blood cultures. Six

weeks post-pembrolizumab treatment, respiratory dis-

tress occurred again, and the general clinical condition

further deteriorated. The patient and his legal custodi-

ans decided not to receive further hospital care, upon

considering the severe and persistent disability, and the

patient died shortly thereafter. As an autopsy was not

performed, alternative causes of respiratory distress,

such as autoimmune pneumonitis that might occur as

an adverse event of pembrolizumab therapy, could not

be ruled out.

To date, no JCPyV-directed therapy for PML is

available, and management is restricted to attempts at

restoring immune functions in patients with an under-

lying immunosuppressive condition. Here, we report
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on clinical, imaging and immunological findings in a

patient with PML treated with IL-2 and pem-

brolizumab. This patient substantially differs from the

12 previously published cases treated with pem-

brolizumab for PML, as in the latter underlying

immune deficiency of variable cause, such as AIDS,

hematological malignancies or T-cell and/or antibody

deficiency syndromes, could be identified [4–6]. Our

patient presented with no underlying immune

deficiency syndrome, and no detectable disease or

medication that would predispose for PML. Only

higher age was an unmodifiable, potential risk factor

for developing PML. We identified increased levels of

anti-JCPyV-specific antibodies, pro-inflammatory

cytokines, and an expansion of cells of the innate

immune system probably reflecting anti-JCPyV-di-

rected immune reconstitution, but possibly also con-

nected to an increased risk of immune-related

complications. Despite PML remission, as confirmed

by CSF and imaging findings as well as clinical

improvement, the unfortunate fatal disease course

illustrates the complexity of both the disease itself and

the checkpoint inhibitor therapy. We conclude that

systematic studies that assess the benefits and risks of

PD-1-blocker therapy in PML are needed. Checkpoint

inhibitors, possibly in conjunction with IL-2 therapy,

may facilitate viral clearance through activation of

JCPyV-directed CD4+ and CD8+ T cells. Normal T-

cell counts, as shown here, or T-cell functional tests

that indicate the ability to sufficiently mount an
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Figure 1 (a) Axial fluid attenuated inversion recovery images demonstrate evolving supratentorial PML lesions associated with the

diagnosis of PML at week 0 (time of first positive JCPyV DNA detection from CSF). (b) IL-2 and pembrolizumab treatment, periph-

eral blood lymphocyte counts and JCPyV viral load in CSF in association with the lesions’ evolution of PML based on MRI. [Colour

figure can be viewed at wileyonlinelibrary.com]
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immune response to JCPyV following PD-1 blockade

might be positive predictors for the response to ther-

apy [7].

Acknowledgement

The authors wish to thank the patient included in the

study for agreeing to the use of data for research purposes.

Open access funding enabled and organized by Projekt

DEAL.

Disclosure of conflicts of interest

FS: none. MPW: speaker’s honoraria and research

funding – Biogen, Novartis. SS: none. SB: personal

fees, grants and travel support from Takeda, travel sup-

port from BMS, all outside the submitted work. BvT:

personal fees from Amgen, personal fees from Pfizer,

grants, personal fees and non-financial support from

MSD, personal fees from Gilead, personal fees from

Roche, grants, personal fees and non-financial support

from Takeda, grants and non-financial support from

Novartis, all outside the submitted work. OA: speaker’s

honoraria and research funding: Biogen. RM: none.

MSchl: none. MSchr: speaker’s honoraria – Biogen,

Gilead, Grifols, Roche, Sanofi; institutional funding –
Alexion, Bayer, Biogen, Grifols, Hormosan, Merck,

Novartis, Sanofi, Teva. GRF: none. CW: institutional

funding – Biogen, Novartis, Roche, Sanofi, Alexion.

Data availability statement

The data that support the findings of this study are

available in Appendix S1 of this article.

Supporting Information

Additional Supporting Information may be found in

the online version of this article:

Appendix S1. Method details.

Table S1. Changes in immunological parameters

before and after pembrolizumab treatment, relative to

diagnosis of PML as confirmed by positive JCPyV

PCR from CSF.

References

1. Berger JR, Aksamit AJ, Clifford DB, et al. PML
diagnostic criteria: consensus statement from the AAN
neuroinfectious disease section. Neurology 2013; 80:

1430–1438.
2. Dubey D, Zhang Y, Graves D, et al. Use of interleukin-2

for management of natalizumab-associated progressive
multifocal leukoencephalopathy: case report and
review of literature. Ther Adv Neurol Disord 2016; 9:

211–215.
3. Warnke C, von Geldern G, Markwerth P, et al. Cere-

brospinal fluid JC virus antibody index for diagnosis of
natalizumab-associated progressive multifocal leukoen-
cephalopathy. Ann Neurol 2014; 76: 792–801.

4. Cortese I, Muranski P, Enose-Akahata Y, et al. Pem-
brolizumab treatment for progressive multifocal leukoen-
cephalopathy. N Engl J Med 2019; 380: 1597–605.

5. Rauer S, Marks R, Urbach H, et al. Treatment of pro-
gressive multifocal leukoencephalopathy with pem-
brolizumab. N Engl J Med 2019; 380: 1676–1677.

6. Walter O, Treiner E, Bonneville F, et al. Treatment of
progressive multifocal leukoencephalopathy with nivolu-
mab. N Engl J Med 2019; 380: 1674–1676.

7. Du Pasquier RA. Pembrolizumab as a treatment for
PML? Waiting for Godot. Neurol Neuroimmunol Neuroin-
flamm 2019; 6: e629.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology

PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY AND NO UNDERLYING IMMUNE DEFICIENCY SYNDROME 2377



https://onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3A45a9ba2f-6bbd-48ec-b700-941ab3706a20&url=https%3A%2F%2Fwww.greyandwhitems.com%2F%3Futm_medium%3Depdf%26utm_source%3Dejn%26utm_campaign%3Dunbranded_grey_white_ms%26utm_term%3D2492234&viewOrigin=offlinePdf

