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Combined treatment with allogeneic
Epstein-Barr- and human polyomavirus

1 specific T-cells in progressive multifocal
leukoencephalopathy and EBV infection:

a case report

Abstract: Opportunistic viral infections in individuals with severe immunodeficiency can lead
to fatal conditions such as progressive multifocal leukoencephalopathy (PML], for which
treatment options are limited. These infections pose significant risks, especially when co-
infections with other viruses occur. We describe a combined therapy approach using directly
isolated allogeneic Human Polyomavirus 1 (also known as BKV] and Epstein-Barr virus

(EBV) specific cytotoxic T-cells for the treatment of PML in conjunction with identified EBV

in the cerebrospinal fluid (CSF) of a male patient infected with human immunodeficiency
virus (HIV). A 53-year-old HIV-positive male, recently diagnosed with PML, presented with
rapidly worsening symptoms, including ataxia, tetraparesis, dysarthria, and dysphagia,
leading to respiratory failure. The patient developed PML even after commencing highly
active antiretroviral therapy (HAART) 3months prior. Brain magnetic resonance imaging (MRI)
revealed multifocal demyelination lesions involving the posterior fossa and right thalamus
suggestive of PML. In addition to the detection of human polyomavirus 2 (also known as JCV],
analysis of CSF showed positive results for EBV deoxyribonucleic acid (DNA). His neurological
condition markedly deteriorated over the following 2months. Based on MRI, there was no
evidence of Immune Reconstitution Inflammatory Syndrome contributing to this decline.

The patient did not have endogenous virus-specific T-cells. We initiated an allogeneic,
partially human leukocyte antigen-matched transfer of EBV and utilizing the cross-reactivity
between BKV and JCV-BKYV specific T-cells. This intervention led to notable neurological
improvement and partial resolution of the MRI lesions within 6 weeks. Our case of a patient
with acquired immune deficiency syndrome demonstrates that PML and concurrent EBV co-
infection can still occur despite undergoing HAART treatment. This innovative experimental
therapy, involving a combination of virus-specific T-cells, was demonstrated to be an effective
treatment option in this patient.
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Progressive  multifocal leukoencephalopathy
(PML) is an opportunistic infection of the brain
caused by the human polyomavirus 2, commonly
referred to as JC virus (JCV) or JC polyomavirus.
This serious infection almost exclusively affects
patients with severe cellular immunodeficiency,
either from related underlying diseases or
previous use of immunosuppressive therapies.!
According to current Center of Disease Control
guidelines for patients infected with human
immunodeficiency virus (HIV), PML is catego-
rized as one of the diseases that define acquired
immunodeficiency syndrome (AIDS).2

Before the widespread use of highly active antiret-
roviral therapy (HAART), PML was more com-
mon among HIV patients, and outcomes were
poorer than today.? Although HIV-related PML
is considered to have a somewhat less severe out-
come compared to other conditions, it still carries
a substantial death rate, with about half of the
patients not surviving past a year.* Until recently,
there were no effective treatment options for this
often-fatal disease. Within the last years, the use
of anti-PD-1 (programmed cell death protein 1)
antibodies (immune checkpoint inhibitor, ICI),5-20
and the application of allogeneic virus-specific
T-cells?1-29 have shown encouraging treatment
results for some PML patients. Notably, the
absence of virus-specific T-lymphocytes in the
blood has been identified as a negative prognostic
factor in HIV-positive PML-patients.*

Patients with AIDS are not only susceptible to
polyomavirus infections but also to other oppor-
tunistic pathogens, often experiencing multiple
infections simultaneously.3 Infection or reactiva-
tion with the Epstein—Barr virus (EBV) are par-
ticularly prominent in this context. A recent
meta-analysis revealed that EBV is detectable in
the cerebrospinal fluid (CSF) of approximately
20% of HIV-positive patients without lym-
phoma.3! Similarly to JCV, in situations of cellu-
lar immunodeficiency, EBV can shift into an
intensified replication state.32 In addition to pos-
sibly causing symptomatic infections such as
encephalitis, meningitis, and myelitis, EBV is also
suspected to have a key role in the development of
lymphoproliferative diseases.3? Currently, there is
no standardized treatment for symptomatic EBV
infections.?3 A promising experimental strategy
for transplant recipients who have developed
EBV-related post-transplant lymphoproliferative
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disorders (PTLDs) involves transfer of EBV spe-
cific T-cells.3%35

In a few immunosuppressed patients, the use of
virus-specific T-cells has been proven effective
against various viruses.3%-3° Due to the structural
homology of the two viruses JCV and BKV, which
belong to the polyomavirus family, not only JCV-
specific but also BKV-specific T-cells have been
used in PML, taking advantage of this cross-reac-
tivity. However, the combined use of these T-cells
targeting both JCV or BKV and EBV has not
been published. We present a case involving a
patient with AIDS who had severe PML and a
simultaneous EBV infection, and who responded
positively to treatment with virus-specific T-cells
targeting both viruses.

A 53-year-old man was diagnosed with HIV in
July 2022 and subsequently began HAART treat-
ment. By November 2022, he started experienc-
ing progressive neurological symptoms. His initial
complaints included diplopia and nuclear facial
palsy, leading to hospitalization. The brain mag-
netic resonance imaging (MRI) revealed multifo-
cal T2-hyperintense and partial T1-hypointense
lesions involving the bilateral mesencephalon,
pons, right thalamus, and left cerebellum sugges-
tive of PML. Contrast enhancement suggestive of
active immune response, such as in the context of
Immune Reconstitution Inflammatory Syndrome
(IRIS), was not observed.?® CSF analysis indi-
cated a positive PCR (Polymerase Chain Reaction)
result for JCV (3818copies/ml) and detected
EBV deoxyribonucleic acid (DNA) within the
CSF below the limit of quantification (LOQ).
When the patient was admitted to our hospital,
approximately 2 months after the onset of neuro-
logical symptoms, he had already undergone a
percutaneous endoscopic gastrostomy tube inser-
tion due to significant dysphagia, and a tracheos-
tomy following respiratory failure worsened by
aspiration pneumonia, during which atypical
mycobacteriosis was detected. In addition to the
primary symptoms, neurological examination
showed tetraparesis with a more pronounced
effect on the arms, especially the left, and a devi-
ation of the uvula. The patient was unable to sit
or move on his own. With the support of thera-
pists on either side, he was able to stand and take
a few steps, displaying marked ataxia in both
limbs and trunk. At the same time, MRI also
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Dec 2022,

Clinical and laboratory follow-up parameters. (a) JCV viral load (red) and pNFL concentration
(blue) on multiple time points since therapy. Black arrows: Times of DIAVIS T-cell infusion. (b) NIHSS score
on multiple time points since therapy initiation. Black arrows: Times of DIAVIS T-cell infusion. The score was
determined retrospectively on the basis of available neurological examination results. (c) These photographs
show the severe clinical condition of the patient, with the left image taken before the initiation of DIAVIS BKV
and EBV T-cell treatment, and the right image captured 19 weeks following the commencement of therapy.
The photographs were taken by the patient’s relatives. We have obtained the patient’s consent to share these
photographs. (d) T2*-weighted MRI image before, during, and after therapy initiation. Despite initiation of
HAART, the MRI revealed PML progression with enlarging lesions prior to therapy initiation, consistent with
the clinical deterioration. After initiation of therapy with DIAVIS BKV and EBV T-cells in mid-January 2023, the

lesions showed a steady regression.

DIAVIS T-cells, directly isolated allogeneic virus-specific T-cells; HAART, highly active antiretroviral therapy; JCV, human
polyomavirus 2; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; PML, progressive
multifocal leukoencephalopathy; pNFL, plasma neurofilament light chain.

showed progression of PML with enlargement of
PML-typical parenchymal changes, particularly
in the thalami and midbrain [Figure 1(d)]. MRI
features suggestive of IRIS were still absent.
Despite starting HAART 5months prior to
admission, no BKV or JCV specific T lympho-
cytes were detectable in his peripheral blood.
Virus-specific T-cell monitoring was performed
using INFy ELISpot assay (interferon gamma
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enzyme-linked immunosorbent spot assay). The
CD4+ T-lymphocyte count had marginally
increased from 96 to 103 cells/ul, with a concur-
rent reduction in HIV RNA to below LOQ.

In a compassionate use setting of an experimental
therapy, we treated the patient with directly iso-
lated allogeneic T-cells (DIAVIS T-cells) target-
ing BKV and EBV from a partially human
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HLA typing of patient and T-cell donor.
HLA-A HLA-B HLA-C HLA-DR HLA-DQ
Patient 24:02 32:01  44:02 51:01 07:04 01:02  11:01 13:01 03:01 06:03
T-cell donor ~ 24:02 32:01  44:02  27:05  05:01 01:02  04:01 13:01 03:02 06:03

HLA, human leukocyte antigen.

leukocyte antigen (HLA)-matched unrelated
donor (6/10, Table 1). Over a period of 6 weeks,
the patient received three infusions: the first was a
fresh dose containing 2.0 X 10e4 CD3+ T-cells
per kilogram of body weight (week 0), followed
by two cryopreserved doses each with 2.5 X 10e4
CD3+ T-cells per kilogram of body weight
(weeks 2 and 6). The production process is
detailed in prior publications.?3:25 Prior to manu-
facturing, the frequencies of BKV and EBV spe-
cific T cells were determined to identify a suitable
T-cell donor. This was done using the IFN-y
Cytokine Secretion Assay, which is largely analo-
gous to clinical-grade manufacturing.4! Here, the
determined frequencies of BKV and EBV specific
T-cells were 0.02% and 0.07% CD3+/IFN-y+,
respectively, and purities after magnetic enrich-
ment were 23.2% and 47.8%, respectively. In
brief, DIAVIS T-cells were obtained from leuka-
pheresis product in a multi-step manufacturing
process. After stimulation of the cells with MACS
GMP PepTivators BKV_VP1, BKV_LT, EBV_
EBNAI1, and EBV_Seclect in combination (1pg/
ml per peptide, Miltenyi Biotec, Bergisch
Gladbach, Germany), IFNy capture was used to
enrich IFNy+ T cells. The purity of the obtained
T-cell product was 42.8% CD3+/IFNy+.

Six weeks following the commencement of treat-
ment, significant neurological improvements
were observed in the patient [Figure 1(c)]. His
tetra-ataxia lessened, enabling him to operate a
smartphone and write clearly. The tracheostomy
was successfully removed, and he began transi-
tioning to oral feeding. Notable improvements
were also seen in his dysarthria and facial palsy,
and the deviation of his uvula resolved. However,
oculomotor deficits remained, such as limited
abduction in the left eye and double vision when
looking to the left. The infusions of DIAVIS BKV
and EBV T-cells were well-tolerated and did not
result in any adverse effects. Figure 1 and Table 2
display the clinical and laboratory results through-
out the course of treatment.

Eighteen weeks post-treatment, the patient’s
oculomotor function had normalized, with
improvements in left-sided facial palsy and
ataxia, though mild issues remained. Proximal
weakness persisted in his left leg, but he could
move independently and walk over 100 m [Figure
1(b)]. Brain MRI indicated partial resolution of
T2-hyperintensities particularly in the right tha-
lamic area without new lesions [Figure 1(d)].
EBV was undetectable in the CSF, and no JCV
DNA was found after therapy initiation [Figure
1(a)]. A small pool of BKV and EBV specific
T-cells was present as early as 2weeks after ther-
apy initiation in the patient’s blood, as evaluated
by qualitative IFNy ELISpot assay. No BKV spe-
cific T-cells were detected after 6 and 14 weeks,
but endogenous JCV-specific T-cells could now
be detected at a higher frequency.

In this report, we highlight the innovative use of
combined directly isolated allogenic BKV and
EBV specific T-cells for treating PML patients
who also have a concurrent EBV infection.
Following transfer of BKV and EBV DIAVIS
T-cells, the patient showed considerable clinical
improvement and a decrease in leukoencepha-
lopathy, as verified by MRI. Notably, no side
effects were observed, and there was no indica-
tion of IRIS. To our knowledge, this represents
the second case of an HIV-associated PML being
treated with allogenic T-cells, and more signifi-
cantly, it is the first use of a multivirus-targeted
DIAVIS T-cell strategy in a patient with HIV.

While AIDS is the primary cause of PML,
accounting for about 50% of all diagnoses, it is
paradoxically underrepresented in terms of prom-
ising treatments for this condition.?® Although
there are no approved medications, experimental
treatments involving ICIs and the application of
virus specific allogenic T-cells have been utilized
in treatment.”-1420-26,28,29,39 However, out of 91
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Routine CSF follow-up results.
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Time since DIAVIS T-cell therapy initiation (weeks) 0 4 14
CSF cells/ul 1 1 3

CSF lactate (mmol/l) 1.76 1.94 1.98
CSF protein (mg/l) 340 310 440
Oligoclonal bands Type 3 Type 3 Type 3
Albumin quotient 3.81 5.17 6.37
Intrathecal IgM synthesis (%) 47 27.4 0
Intrathecal IgG synthesis (%) 61.1 47.9 38.6
Intrathecal IgA synthesis (%) 0 26.8 0

Follow-up routine CSF parameters from the time of therapy initiation are shown here. No new inflammatory process, such

as pleocytosis indicative of PML-IRIS, was observed.

CSF, cerebrospinal fluid; DIAVIS T-cells, directly isolated allogeneic virus-specific T-cells; Ig, immunoglobulin; IRIS,
Immune Reconstitution Inflammatory Syndrome; PML, progressive multifocal leukoencephalopathy.

PML patients treated with ICI, only 12 were
related to AIDS.20 Within this subgroup, 6 out of
12 patients died within a year, with causes includ-
ing PML progression, PML-induced IRIS, and a
combination of PML with other contributing dis-
eases. This mortality rate mirrors the historical
mortality for HIV-associated PML without ICI
treatment.* However, this data may not be com-
prehensive enough due to potential biases in
patient selection. It’s likely that patients showing
PML progression despite established HAART
are more frequently chosen for ICI treatment.
Furthermore, as indicated by previous studies,
ICI may not be optimal in cases lacking endoge-
nous virus-specific T-cells.>-%25 Considering this,
we believe that our choice of DIAVIS T-cell infu-
sion over ICI therapy in this case, guided by an
extensive pre-treatment evaluation of the patient’s
immune status, played a critical role in the suc-
cessful outcome.

Out of 34 documented cases of PML treated with
various cellular therapies, only one involved an
HIV-positive patient who had been on HAART
for 4months prior to the initial transfer of BKV
specific T-cells.?* While this patient finally
showed clinical improvement, he initially experi-
enced symptoms of PML-IRIS, including a tem-
porary clinical worsening in the first 2weeks of
therapy. In contrast, our case showed no adverse
effects, and there were no signs of IRIS. Besides
concerns about IRIS, there have been recent
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concerns regarding virus specific T-cell therapy in
HIV patients, particularly about the potential
migration of HIV into the central nervous system
along with the allogenic T-cells.*2 However, this
did not occur in our patient’s case. While the
therapy was well tolerated in our case, it is impor-
tant to carefully consider potential risks.
Experience from larger cohorts will be necessary
to accurately assess the side effect profile.

In our patient, DIAVIS T-cells targeting EBV
were also employed. EBV specific T-cells have
been applied in treating refractory PTLD in
transplant recipients and selected immunodefi-
ciency patients.3%%! Despite the elevated risk of
EBV-associated lymphoma in HIV-positive indi-
viduals, this treatment approach has not yet been
extended to HIV-positive patients. In scenarios
involving severe immunosuppression among
HIV-negative individuals, a small number of
patients have received treatment with multivirus-
specific T-cells, targeting a range of viruses
including EBV, cytomegalovirus, human herpes-
virus 6, BKV, and adenovirus.3%-38:43 This strat-
egy, however, has not yet been expended to PML
patients with co-infections or HIV-positive indi-
viduals. Furthermore, there’s ongoing discussion
about whether application of virus specific T-cells,
especially in HIV-positive patients, could be used
as a preventative measure to reduce the risk of
malignancies associated with opportunistic onco-
genic viruses.3* This preventative concept has
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also been suggested for managing PTLD in trans-
plant recipients, underlining its potential applica-
bility in various contexts.

The specific contribution of each therapy to our
patient’s recovery is difficult to ascertain due to
the continued use of HAART. Considering that
the patient developed PML despite starting
HAART 3 months earlier and continued to dete-
riorate in the following 2 months, it seems unlikely
that HAART alone would have led to recovery.
Following the DIAVIS T-cell therapy, there was
significant improvement within 6 weeks, transi-
tioning the patient from a nearly palliative condi-
tion to an independent walking capability. It’s
crucial to emphasize that these observations are
derived from the experience of a single patient,
and therefore, any resulting recommendations
should be made with caution. Nevertheless, for
AIDS patients who develop PML despite antivi-
ral HIV therapy, we suggest the consideration of
additional DIAVIS T-cell therapy as a treatment
option.

The therapy was conducted in a compassionate
use setting as an experimental therapy after
patient’s informed consent to the therapy
approach. Because the therapy was applied as
consented compassionate use, it did not require
an ethical board approval.

We received the patient’s written informed con-
sent for publication of this case report.

Sandra Nay: Formal analysis; Investigation;
Writing — original draft.

Nora Mohn: Conceptualization; Project admin-
istration; Validation; Writing — original draft.

Lea Grote-Levi: Conceptualization; Project
administration; Validation; Writing — review &
editing.

Agnes Bonifacius: Investigation; Writing —

review & editing.

Mieke L. Saflimann: Investigation; Writing —
review & editing.

Volume 17

Kevin Karacondi:
review & editing.

Investigation; Writing —

Sabine Tischer-Zimmermann: Investigation;
Writing — review & editing.

Henning Péter: Investigation; Writing — review
& editing.

Nima Mahmoudi:
review & editing.

Investigation; Writing —

Mike P. Wattjes: Investigation; Writing — review
& editing.

Britta Maecker-Kolhoff: Conceptualization;
Investigation; Writing — review & editing.

Giinter Hoglinger: Conceptualization; Project
administration; Resources; Supervision;
Validation; Writing — review & editing.

Britta Eiz-Vesper: Conceptualization;
Investigation; Writing — review & editing.

Thomas Skripuletz: Conceptualization; Project
administration; Resources; Supervision;
Validation; Writing — review & editing.

GH was supported by the German Federal
Ministry of Education and Research (BMBF:
01KU1403A EpiPD; O01EK1605A HitTau),
Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) under Germany’s
Excellence Strategy within the framework of the
Munich Cluster for Systems Neurology (EXC
2145 SyNergy — ID 390857198), DFG grants
(HO2402/6-2, HO2402/18-1 MSAomics), the
German Federal Ministry of Education and
Research (BMBF, 01KU1403A  EpiPD;
01EK1605A HitTau; 01DH18025 TauTherapy;
CurePML EN2021-039); Niedersidchsisches
Ministerium far Wissenschaft und Kunst (MWK)/
VolkswagenStiftung (Niedersidchsisches Vorab),
Petermax-Miiller Foundation (Etiology and
Therapy of Synucleinopathies and Tauopathies).
TS was supported by the German Ministry for
Education and Research (BMBF: CurePML
01EN2302), Bristol Myers Squibb Foundation
for Immuno-Oncology (FA 19-010), Claudia von
Schilling Foundation for Breast Cancer Research,
Else Kroner Fresenius Foundation, Genzyme
Neuroimmunology Fellowship, Hannover
Biomedical Research School (HBRS), VHV
Foundation. LG-L and NM were supported by
the Deutsche Forschungsgemeinschaft (DFG,

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

German Research Foundation) within Young
Academy — PRACTIS (PRogram of hAnnover
medical school for Clinician scienTISts; project
number 413617135).

The authors received no financial support for the
research, authorship, and/or publication of this
article.

The authors declare no conflict of interest.
Outside the submitted work, the authors received
honoraria for lectures, travel grants, or research
grants. Gunter Hoglinger has ongoing research
collaborations with Roche, UCB, Abbvie; serves
as a consultant for Abbvie, Alzprotect, Amylyx,
Aprineua, Asceneuron, Bayer, Bial, Biogen,
Biohaven, Epidarex, Ferrer, Kyowa Kirin,
Lundbeck, Novartis, Retrotope, Roche, Sanofi,
Servier, Takeda, Teva, UCB; received honoraria
for scientific presentations from Abbvie, Bayer,
Bial, Biogen, Bristol Myers Squibb, Kyowa Kirin,
Pfizer, Roche, Teva, UCB, Zambon; holds a pat-
ent on Treatment of Synucleinopathies (US
10,918,628 B2, EP 17 787 904.6-1109/3 525
788); received publication royalties from
Academic Press, Kohlhammer, and Thieme.
Thomas Skripuletz reports research support from
Alnylam  Pharmaceuticals, CSL  Behring,
Novartis; honoraria for lectures and travel
expenses for attending meetings from Alexion,
Alnylam Pharmaceuticals, argenx, Bayer Vital,
Biogen, Bristol Myers Squibb, Celgene,
Centogene, CSL Behring, Euroimmun, Grifols,
Hexal AG, Janssen-Cilag, Merck Serono,
Novartis, Pfizer, Roche, Sanofi, Siemens, Swedish
Orphan Biovitrum, Teva, Viatris; consultant fees
from Alexion, Alnylam Pharmaceuticals, Biogen,
Centogene, CSL Behring, Grifols, Hexal AG,
Janssen-Cilag, Merck Serono, Novartis, Roche,
Sanofi, Swedish Orphan Biovitrum, Viatris.

Not applicable.

Sandra Nay https://orcid.org/0000-0002-
4986-1181

Nora Mohn https://orcid.org/0000-0002-
9102-124X

journals.sagepub.com/home/tan

10.

11.

12.

S Nay, N Mohn et al.

Brooks BR and Walker DL. Progressive
multifocal leukoencephalopathy. Neurol Clin
1984; 2: 299-313.

Selik RM, Mokotoff ED, Branson B, ez al.
Revised surveillance case definition for HIV
infection — United States, 2014. MMWR Recomm
Rep 2014; 63: 1-10.

Clifford DB, Yiannoutsos C, Glicksman M, ez al.
HAART improves prognosis in HIV-associated
progressive multifocal leukoencephalopathy.
Neurology 1999; 52: 623-625.

. Marzocchetti A, Tompkins T, Clifford DB, ez al.

Determinants of survival in progressive multifocal
leukoencephalopathy. Neurology 2009; 73:
1551-1558.

Mohn N, Wattjes MP, Adams O, ez al. PD-1-
inhibitor pembrolizumab for treatment of
progressive multifocal leukoencephalopathy. Ther
Adv Neurol Disord 2021; 14: 1756286421993684.

Cortese I, Muranski P, Enose-Akahata Y,

et al. Pembrolizumab treatment for progressive
multifocal leukoencephalopathy. N Engl ¥ Med
2019; 380: 1597-1605.

Sim BZ, Smith LK, Yarwood T, ez al.
Successful treatment of HIV-associated
progressive multifocal leukoencephalopathy with
pembrolizumab. AIDS 2022; 36: 483-485.

Kapadia RK and Ney D. Stabilization of
progressive multifocal leukoencephalopathy after
pembrolizumab treatment. Neurohospitalist 2020;
10: 238-239.

. Lan TY, Chen YS, Cheng CF, et al. Progressive

multifocal leukoencephalopathy in systemic lupus
erythematosus managed with pembrolizumab: a
case report with literature review. Lupus 2021;
30: 1849-1855.

Darcy S, Alexander M, McCarthy A, et al.
Pembrolizumab treatment of inflammatory
progressive multifocal leukoencephalopathy: a
report of two cases. J Neurovirol 2022; 28: 145-150.

Volk T, Warnatz K, Marks R, ez al.
Pembrolizumab for treatment of progressive
multifocal leukoencephalopathy in primary
immunodeficiency and/or hematologic
malignancy: a case series of five patients. ¥ Neurol
2022; 269: 973-981.

Pinnetti C, Cimini E, Vergori A, et al. Use of
pembrolizumab for treatment of progressive
multifocal leukoencephalopathy in people living
with HIV. Viruses 20225 14: 970.


https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-4986-1181
https://orcid.org/0000-0002-4986-1181
https://orcid.org/0000-0002-9102-124X
https://orcid.org/0000-0002-9102-124X

THERAPEUTIC ADVANCES in
Neurological Disorders

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Boesl F, Allers K, Herm ], er al. Sequential
treatment of progressive multifocal
leukoencephalopathy with intravenous
immunoglobulins and pembrolizumab. ¥
Neurovirol 20225 28: 335-338.

Chatterjee T, Roy M, Lin RC, ez al.
Pembrolizumab for the treatment of progressive
multifocal leukoencephalopathy (PML) in a
patient with AIDS: a case report and literature
review. IDCases 2022; 28: e01514.

Beudel M, Révekamp F, van de Beek D, ez al.
Single-dose pembrolizumab treatment for
progressive multifocal leukoencephalopathy.
Neurol Neuroimmunol Neuroinflamm 2021; 8:
el021.

Rauer S, Marks R, Urbach H, et al. Treatment
of progressive multifocal leukoencephalopathy
with pembrolizumab. N Engl ¥ Med 2019; 380:
1676-16717.

Holmes A, Wellings T, Walsh O, ez al.
Progressive multifocal leukoencephalopathy
associated with a lymphoproliferative disorder
treated with pembrolizumab. ¥ Neurovirol 2020;
26: 961-963.

Mackenzie S, Shafat M, Roddy H, ez al.
Pembrolizumab for the treatment of progressive
multifocal leukoencephalopathy following
anti-CD19 CAR-T therapy: a case report.
efHaem 2021; 2: 848-853.

Olivieri J, Lauzzana P, Volpetti S, ez al.
Progressive multifocal leukoencephalopathy in
B-CLL successfully treated with venetoclax and
pembrolizumab. Hemasphere 2022; 6: €723.

Boumaza X, Bonneau B, Roos-Weil D, et al.
Progressive multifocal leukoencephalopathy
treated by immune checkpoint inhibitors. Ann
Neurol 20235 93: 257-270.

Berzero G, Basso S, Stoppini L, er al. Adoptive
transfer of JC virus-specific T lymphocytes

for the treatment of progressive multifocal
leukoencephalopathy. Ann Neurol 20215 89:
769-779.

Steinhardt M]J, Wiercinska E, Pham M, ez al.
Progressive multifocal leukoencephalopathy in a
patient post allo-HCT successfully treated with
JC virus specific donor lymphocytes. ¥ Transl Med
2020; 18: 177.

Hopfner F, Mohn N, Eiz-Vesper B, er al.
Allogeneic BK virus-specific T-cell treatment
in 2 patients with progressive multifocal
leukoencephalopathy. Neurol Neuroimmunol
Neuroinflamm 2021; 8: 2—6.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

Volume 17

Muftuoglu M, Olson A, Marin D, er al.
Allogeneic BK virus-specific T cells for
progressive multifocal leukoencephalopathy.
N Engl ¥ Med 2018; 379: 1443-1451.

Wicklein R, Heidegger S, Verbeek M, et al.
Combined treatment with pembrolizumab and
allogenic BK virus-specific T cells in progressive
multifocal leukoencephalopathy: a case report.
Neurol Neuroimmunol Neuroinflamm 2021; 8:
4-6.

Balduzzi A, Lucchini G, Hirsch HH, et al.
Polyomavirus JC-targeted T-cell therapy for
progressive multiple leukoencephalopathy in a
hematopoietic cell transplantation recipient. Bone
Marrow Transplant 2011; 46: 987-992.

Cortese I, Beck ES, Al-Louzi O, et al. BK virus-
specific T cells for immunotherapy of progressive
multifocal leukoencephalopathy: an open-label,
single-cohort pilot study. Lancer Neurol 2021; 20:
639-652.

Rubinstein JD, Jodele S, Heyenbruch D, ez al.
Off-the-shelf third-party virus-specific T cell
therapy to treat JC polyomavirus infection

in hematopoietic stem cell transplantation
recipients. Transplant Cell Ther 2022; 28: 116.
el-116.e7.

Peghin M, Castaldo N, Tascini C, ez al.
Successful JC virus-targeted T-cell therapy for
progressive multifocal leukoencephalopathy in a
lung transplant recipient. ¥ Hear Lung Transplant
2022; 41: 991-996.

Weinberg A, Bloch KC, Li S, et al. Dual
infections of the central nervous system with
Epstein—Barr virus. ¥ Infect Dis 2005; 191:
234-237.

Musukuma-Chifulo K, Siddiqi OK,
Chilyabanyama ON, et al. Epstein—Barr virus
detection in the central nervous system of HIV-
infected patients. Pathogens 2022; 11: 15-17.

Shindiapina P, Ahmed EH, Mozhenkova A, et al.
Immunology of EBV-related lymphoproliferative
disease in HIV-positive individuals. Front Oncol
2020; 10: 1723.

Kerr JR. Epstein—Barr virus (EBV) reactivation
and therapeutic inhibitors. ¥ Clin Pathol 2019; 72:
651-658.

Liu JY, Zhang JM, Zhan HS, et al. EBV-specific
cytotoxic T lymphocytes for refractory EBV-
associated post-transplant lymphoproliferative
disorder in solid organ transplant recipients: a
systematic review. Transpl Int 2021; 34: 2483—
2493.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

35.

36.

37.

38.

39.

Heslop HE, Sharma S and Rooney CM. Adoptive
T-cell therapy for Epstein—Barr virus-related
lymphomas. ¥ Clin Oncol 2021; 39: 514-524.

Maecker-Kolhoff B and Eiz-Vesper B. Broad
spectrum antiviral T cells for viral complications
after hematopoietic stem cell transplantation. Ann
Transl Med 2015; 3(Suppl. 1): S4.

Papadopoulou A, Gerdemann U, Katari UL,
et al. Activity of broad-spectrum T cells as
treatment for AdV, EBV, CMV, BKV, and
HHV6 infections after HSCT. Sci Transl Med
2014; 6: 242ra83.

Kaeuferle T, Krauss R, Blaeschke F, er al.
Strategies of adoptive T-cell transfer to treat
refractory viral infections post allogeneic stem cell
transplantation. J Hematol Oncol 2019; 12: 13.

Cortese I, Reich DS and Nath A. Progressive
multifocal leukoencephalopathy and the spectrum

journals.sagepub.com/home/tan

40.

41.

42.

43.

S Nay, N Mohn et al.

of JC virus-related disease. Nat Rev Neurol 2021;
17: 37-51.

Baldassari LE, Wattjes MP, Cortese ICM, er al.
The neuroradiology of progressive multifocal
leukoencephalopathy: a clinical trial perspective.
Brain 20225 145: 426—440.

Bonifacius A, Lamottke B, Tischer-Zimmermann
S, ez al. Patient-tailored adoptive immunotherapy
with EBV-specific T cells from related and
unrelated donors. ¥ Chn Invest 2023; 133: €163548.

Marin-Hernandez D, Iiiguez LP and Nixon DF.
Comment on allogeneic BK virus-specific T cells
for PML. N Engl ¥ Med 2019; 380: 105-106.

Pfeiffer T, Tzannou I, Wu M, ez al. Posoleucel,
an allogeneic, off-the-shelf multivirus-specific
T-cell therapy, for the treatment of refractory
viral infections in the post-HCT setting. Clin
Cancer Res 2023; 29: 324-330.

Visit Sage journals online
journals.sagepub.com/

SSagejournals


https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan

