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Abstract
Objective
Progressive multifocal leukoencephalopathy (PML) is a devastating demyelinating opportu-
nistic infection of the brain caused by the ubiquitously distributed JC polyomavirus. There are
no established treatment options to stop or slow down disease progression. In 2018, a case
series of 3 patients suggested the efficacy of allogeneic BK virus-specific T-cell (BKV-CTL)
transplantation.

Methods
Two patients, a bilaterally lung transplanted patient on continuous immunosuppressive
medication since 17 years and a patient with dermatomyositis treated with glucocorticosteroids,
developed definite PML according to AAN diagnostic criteria. We transplanted both patients
with allogeneic BKV-CTL from partially human leukocyte antigen (HLA) compatible donors.
Donor T cells had directly been produced from leukapheresis by the CliniMACS IFN-γ
cytokine capture system. In contrast to the previous series, we identified suitable donors by
HLA typing in a preexamined registry and administered 1 log level less cells.

Results
Both patients’ symptoms improved significantly within weeks. During the follow-up, a decrease
in viral load in the CSF and a regression of the brain MRI changes occurred. The transfer
seemed to induce endogenous BK and JC virus-specific T cells in the host.

Conclusions
We demonstrate that this optimized allogeneic BKV-CTL treatment paradigm represents a
promising, innovative therapeutic option for PML and should be investigated in larger, con-
trolled clinical trials.

Classification of Evidence
This study provides Class IV evidence that for patients with PML, allogeneic transplant of BKV-
CTL improved symptoms, reduced MRI changes, and decreased viral load.

MORE ONLINE

Class of Evidence

Criteria for rating
therapeutic and diagnostic
studies
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Progressive multifocal leukoencephalopathy (PML) is an
opportunistic infection of the brain caused by reactivation of
JC polyomavirus (JCPyV), for which about 50% of the adult
general population is seropositive.1 The spectrum of un-
derlying immunosuppressive conditions, mainly affecting cell-
mediated immunity, is broad including lymphoproliferative
diseases, immunosuppressive and immunomodulatory ther-
apies, and solid organ malignancies. Morbidity and mortality
are relatively high, depending on the underlying immuno-
suppressive condition, particularly because of a lack of tar-
geted therapies.2 Rapid reconstitution of T-cell-mediated
immunity in immunocompromised patients is the most
promising strategy to treat reactivation of latent viral diseases.
Virus-specific T-cell treatment is nowadays established to
treat BK virus infection after stem-cell transplantation. BK
virus (B.K. as the initials of a renal transplant patient) and
JCPyV belong to the Polyomaviridae family and share im-
munogenic epitopes that can be targeted by the immune
system. Because of these similarities, T cells developed against
BK virus are strongly effective against JCPyV infection, as
previously shown. A few case series of patients with PML
transplanted with allogeneic BK virus-specific T cells (BKV-
CTL) demonstrated alleviation of symptoms, demyelinating
lesions, and JC virus load.3-5 In this study, we treated 2 pa-
tients with PML successfully with allogeneic BKV-CTL using
different protocols for the donor cell preparation and different
T-cell monitoring approaches.

Methods
Detailed information on JCPyV PCR, anti-JC virus antibody
index (JCVAI), standardized multisequence MRI protocol,
preparation of donor T cells for adoptive transfer, and de-
tection of BKV-CTLs in patients’ blood is presented in the
supplemental online material (links.lww.com/NXI/A494).

Criteria for Rating Therapeutic Studies
The criteria for rating therapeutic studies based on the AAN
Guidelines Committee classified the level of evidence in this
study examining allogeneic BKV-CTL treatment as a Class IV
evidence.

Case Description and Disease Course
Both participants had given written informed consent. Approval
from the corresponding ethics committee has been provided.

Case 1
A 55-year-old woman was diagnosed with definite PML based
on the clinical-neurologic presentation, multifocal lesions on
brain MRI suggestive of PML, and detection of JCPyV DNA in

CSF (figure).6 Twenty-four years before the manifestation of
PML, she had been diagnosed with Hodgkin lymphoma. Seven
years later, she had been transplanted with autologous hema-
topoietic stem cells. Radiation and chemotherapy (dexameth-
asone + cytarabine + cisplatin, high-dose cyclophosphamide,
methotrexate, etoposide, and vincristine) led to pulmonary
graft vs host disease, resulting in bilateral lung transplantation
and consecutive immunosuppressive treatment. At the time of
PML diagnosis, she was treated with mycophenolate mofetil (2
g/d), tacrolimus (3 mg/d), and methylprednisolone (7.5 mg/
d). Regarding immune status, the patient was regularly exam-
ined. The absolute lymphocyte counts proved to be consistent
within the reference range. The patient presented with reduced
mental status affecting alertness, attention, and orientation.
The speech was slow and dysarthric. Ocular pursuit move-
ments were saccadic. She presented general weakness in both
arms and legs. She was bedridden because of ataxia in all limbs,
with unsteady stance and walk. The patient’s MRI showed
multifocal bilateral confluent white matter lesions without
contrast enhancement, suggestive of blood-brain barrier dys-
function. The brain lesions progressively increased. Two and a
half months after first clinical symptoms, a diagnosis of PML
was established, immunosuppressive therapy was switched to a
calcineurin inhibitor-free protocol comprising mycophenolate
mofetil (1 g/d), everolimus (3 mg/d), and prednisolone (7.5
mg/d), and allogeneic BKV-CTLs were transplanted. In total,
she received 4 infusions of BKV-CTLs (each: 2.5 × 10e4 CD3+

T cells per kg body weight, 1 fresh and 3 cryopreserved
products) within 5 months. An initial strong increase in CSF
viral load before BKV-CTL administration (9.840–19.000
copies/mL) was followed by a significant decrease in viral load
to 500 copies/mL after BKV-CTL administration. Further-
more, we detected a antibody reaction in CSF after BKV-CTL
administration during the treatment period, as shown by an
elevated JCVAI 2.4 (figure ). Fourteen days after first BKV-CTL
administration, patient’s symptoms started to improve. Three
months after initiation, cerebral MRI demonstrated no new
lesions (no increased signal intensity in the diffusion-weighted
imaging sequence and no lesioned areas with decreased ap-
parent diffusion coefficient), indicating stabilization of disease
progression (figure). The frontal lobar lesions even had
regressed in size. Ten weeks after initiation, she was able to
stand and walk unaided. In the further course, comprehensi-
bility of her speech significantly improved. Lung tissue biopsies
excluded acute cellular rejection during the follow-up.

Case 2
A 71-year-old woman presented with a progressive cerebellar
syndrome. A diagnosis of definite PML was reached by the
detection of JCPyV DNA in CSF (figure).6 Sixteen years

Glossary
BKV-CTL = BK virus-specific T-cell; HLA = human leukocyte antigen; PML = progressive multifocal leukoencephalopathy;
JCPyV = JC polyomavirus; JCVAI = anti-JC virus antibody index.
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before PML onset, the patient had been diagnosed with breast
cancer and treated by resection, cisplatin-containing chemo-
therapy, and radiation. Coincidentally, she had been di-
agnosed with dermatomyositis and permanently treated with
prednisolone (2 mg/d). Lymphocyte counts were within the
reference range despite treatment. On PML diagnosis, she
presented cachexia, severe dysarthria, dysphagia, saccadic eye
movements, a severe cerebellar syndrome with pronounced
ataxia of the upper and lower limbs, and pronounced tremor
of trunk and head. She was bedridden because of severely
impaired stance and gait. Alertness and higher cognitive
functions were preserved. Allogeneic BKV-CTL therapy was
initiated 1 month after the diagnosis of PML and 3 months
after initial clinical symptoms. In total, the patient received 3
infusions of BKV-CTLs (each: 2.5 × 10e4 CD3+ T cells per kg
body weight, 1 fresh and 2 cryopreserved products) within 3
months. Four weeks after the initiation of therapy, her
symptoms started to improve. After 4 months, most

disabilities including dysarthria, dysphagia, tremor, and ataxia
had markedly improved. At the time of PML diagnosis, MRI
demonstrated pronounced bilateral T2-hyperintense lesions
of the cerebellar dentate nuclei, upper and middle cerebellar
peduncles, and the pons and widespread contrast enhance-
ment of the brain parenchyma with leptomeningeal spread
without clinical evidence of immune reconstitution (figure).
Two months after the initiation of BKV-CTL therapy, the
lesions were stable or slightly regressive. In this patient, the
CSF virus load increased after the first infusion of BKV-CTLs
(1.000–15.000 copies/mL) and decreased to values below the
detection limit during the treatment period (figure ).

Discussion
Here, we demonstrate the safety and efficacy of allogeneic
BKV-CTLs in 2 patients severely affected by PML. Both

FigureMRI and CSFMeasured JC Virus Load Before During and After BK Virus-Specific T-Cell Therapy in Patient 1 (A and B)
and Patient 2 (C and D)

(A) Axial FLAIR sections onmultiple time points before and during BKV-CTL therapy. Increasing PML lesions in the first 3months. Stagnation/slight regression
of lesions from the fourthmonth on. BKV-CTL therapyhadbeen implemented at thirdmonth. Red arrow:month of PMLdiagnosis since symptomonset by the
detection of JCPyVDNA in CSF. (B) JC virus load (c/mL) before, during, and after BKV-CTL therapymeasured in patient’s CSF. x-axis: days since diagnosis; y-axis:
c/mL JC virus; and green arrows: infusions of BKV-CTL. (C) Axial T2-weighted (top row) and contrast-enhanced T1-weighted (bottom row) sections onmultiple
time points before and during BKV-CTL therapy. Increasing PML lesions in the first 2 months. Regression of lesions from the second month on. In addition,
regression of the contrast enhancement could be observed. BKV-CTL therapy hadbeen implemented at firstmonth. Red arrow:month of PMLdiagnosis since
symptomonset by the detection of JCPyV DNA in CSF. (D) JC virus load (c/mL) before, during, and after BKV-CTL therapymeasured in patient’s CSF. x-axis: days
since diagnosis; y-axis c/mL JC virus; and green arrows: infusions of BKV-CTL. BKV-CTL = BK virus-specific T cell; JCPyV = JC polyomavirus; PML = progressive
multifocal leukoencephalopathy.
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patients improved clinically and radiologically and generated a
specific immune response against both BK virus and JCPyV.
An increase in the JCPyV antibody specificity index was de-
tectable. Human leukocyte antigen (HLA) phenotyping of
BKV-CTLs after therapy showed that the patients themselves
produced endogenous BK and JC virus-specific T cells after
transfer.

The attribution on the therapeutic response to the cell therapy
must be interpreted with due care. In the first patient, the im-
munosuppressive therapeutic regimen was changed from tacro-
limus to everolimus before BKV-CTL therapy without a negative
effect of continued mandatory immunosuppressive medication
on the T-cell treatment. Because everolimus has previously been
reported to exhibit an antiviral effect and to increase mTOR
activity in PML, thismight have influenced the course.7However,
in our second patient only, the effects of BKV-CTLs were ob-
served because the drug regimen remained unchanged.

Our observations support the conclusions drawn from a pre-
vious series of patients treated with allogeneic BKV-CTLs.3-5

Although the therapeutic responses in these studies are con-
sistent, there weremajor differences in the protocols to prepare
the donor cells. The preceding case series applied preproduced
frozen cell lines from autologous or allogeneic peripheral blood
mononuclear cells by stimulation with JCPyV antigen-derived
peptides.3-5 By contrast, we have accessed a preexamined reg-
istry of >2,000 potential donors and identified themost suitable
donors based on HLA typing and T-cell frequencies. Direct
isolation of antigen-specific T cells by stimulation with peptide
pools followed by cytokine capture and magnetic isolation
provides a rapid method to produce antiviral T cells under
good manufacturing production guidelines within 16–24
hours.8,9 Furthermore, the previous case series administered 2
× 10e5 allogeneic BKV-CTLs (terminally differentiated cells)
per kg body weight, whereas we followed the cell dose for HLA
nonidentical stem-cell transplants and administered 10-times
less T cells per kg body weight (2.5 × 10e4).

To date, a variety of treatment strategies have failed to provide a
conclusive positive effect on the outcome of patients with PML.10

Immune checkpoint inhibitor therapy with the anti-PD1-
antibodies pembrolizumab and nivolumab has been suggested
to show beneficial effects in single PML patients by increasing
CD4+ and CD8+ T-cell activity against the JCPyV and consec-
utively reducing JCPyV viral load.11,12 However, in patients with
preexisting autoimmune diseases or patients after solid organ
transplantation, as in case 1, this therapy is not a suitable option
because of possible autoimmune side effects and graft rejection.13

In conclusion, allogeneic BKV-CTL transplantation represents
a promising therapeutic option for PML, requiring confirma-
tion in controlled clinical trials.
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