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Abstract
Progressive multifocal leukoencephalopathy is a rare opportunistic infection of the brain by John Cunningham polyomavirus 
in immune-compromised patients. In cases where no overt option for immune reconstitution is available [e.g., in patients 
with primary immunodeficiency (PID)], the disease is lethal in the majority of patients. Immune checkpoint inhibition has 
been applied in recent years with mixed outcomes. We present four novel patients and the follow-up of a previously pub-
lished patient suffering from progressive multifocal leukoencephalopathy (PML) due to PID and/or hematologic malignancy 
who were treated with the immune checkpoint inhibitor pembrolizumab. In two patients with PID, symptoms improved and 
stabilized. One patient died because of worsening PML another of intracranial hemorrhage which was unrelated to PML 
or its treatment with pembrolizumab. The fifth patient suffered from PID and died of a pre-existing immune dysregulation, 
possibly exacerbated by pembrolizumab. The long-term follow-up of the first patient provides support for therapeutic deci-
sions during this therapy and is the longest published clinical course of a patient with checkpoint inhibition for PML. We 
conclude that pembrolizumab can control PML symptoms long term in a subgroup of patients with PID, in our cases for 21 
and 36 months. However, therapy must be started early because symptoms are only partially reversible. In light of severe 
adverse events, application of pembrolizumab is only justified if the prognosis for the individual patient is very poor.
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Introduction

Progressive multifocal leukoencephalopathy (PML) is a rare, 
life threatening, opportunistic infection of the central nervous 
system caused by the reactivation of John Cunningham poly-
omavirus (JCV) almost exclusively in immunocompromised 
patients. Treatment focusses on restoring immunity of the 
affected patients since no effective antiviral therapies for JCV 
are available. To this end, e.g. combined antiretroviral therapy 
is given in HIV-infected patients or immunosuppressive drugs 
such as natalizumab are withdrawn in e.g., MS patients. In 
contrast, PML in the context of hematologic malignancy or 
primary immunodeficiency (PID) is lethal in the majority of 
cases as there are no therapeutic options for immune recon-
stitution [1].

The checkpoint inhibitor pembrolizumab is a monoclonal 
antibody disrupting interactions of programmed cell death pro-
tein 1 (PD-1) on T cells and its ligands on antigen-presenting 
cells. By blocking this receptor involved in negative regulation 
of T-cell activation, they boost immune responses. Originally, 
checkpoint inhibitors were developed to foster the antitumor 
immune response and were able to significantly improve sur-
vival in patients with metastatic melanoma [2] and others. In 
line with this mechanism, an association between reduced 
T-cell function and high PD-1 expression has also been shown 
in chronic viral infections such as HIV [3, 4]. Moreover, 
blockade of PD-1 expression in monkeys with chronic simian 
immunodeficiency virus infection resulted in an increase in 
activated virus-specific T cells, a reduced viral load, and pro-
longed survival of the animals [5, 6], ultimately contributing 
to the establishment and maintenance of HIV-1 latency [7].

Laboratory evidence of PD-1 upregulation on T cells in 
PML patients [8] led to the off-label use of checkpoint inhibi-
tors in the therapy of PML patients where no other option was 
available to reinvigorate antiviral immunity. To our knowledge, 
31 published patients with PML have so far been treated with 
either pembrolizumab or nivolumab. Treatment outcomes 
range from moderate improvement of symptoms with stabili-
zation to death from disease progression [9–25]. To date, there 
are no clear prognostic factors to identify patients in whom 
checkpoint inhibition will be able to ameliorate PML [26].

Here, we give an update on the clinical course of one pre-
viously published patient [21] and describe four additional 
unpublished patients treated with pembrolizumab for PML in 
the context of PID and/or hematologic malignancy.

Methods

Patients received pembrolizumab at a dose of 2 mg per 
kilogram body weight (unless otherwise stated) on a com-
passionate-use basis after informed consent was obtained. 

Data of patients presented in this report were retrospectively 
collected. For flow cytometric analyses of PD-1 expression, 
peripheral blood mononuclear cells were isolated from 
EDTA blood of patients and healthy controls by Ficoll den-
sity gradient centrifugation following Standard protocols. 
Staining for PD-1 was performed on freshly isolated PBMCs 
or whole blood. Staining was performed for 15 min at 4°. 
In case of whole blood staining, red blood cell lysis was 
performed, following staining, using OptiLyse B (Beck-
man Coulter). Data were acquired using an LSR Fortessa 
(BD Biosciences) or FACS CANTO II (BD Biosciences). 
Data were analyzed using FlowJo Software (Treestar). Cells 
were stained with antibodies against CD45RA (PE-Cy7, 
HI100), CD3 (APC-H7, SK7), CD 4 (FITC, RPA-T4, all 
above from BD Pharmingen, Heidelberg, Germany), CD8 
(PerCP-Cy5.5, RPA-T8, Invitrogen, Carlsbad, USA), CD3 
(PerCp-Cy5.5, SK7), CD4 (PE-Cy7, RPA-T4), CD8 (PE, 
SK1), CD45 (BV421, HI30), CD45RA (APC-Cy7, HI100) 
and PD-1 (APC, EH12.2H7, all above from Biolegend, San 
Diego, USA). Additional laboratory analysis and magnetic 
resonance imaging (MRI) were performed as part of stand-
ard clinical care.

Results

Patient 1: a 21-year-old male patient with the diagnosis of 
CD40-ligand deficiency (MIM #308,230) was referred to us 
with a diagnosis of PML after progressive visual impairment 
over the past two months. MRI showed bi-occipital lesions 
on FLAIR (fluid-attenuated inversion recovery) sequences 
and a lesion in the globus pallidus on the right. JCV-PCR 
from cerebrospinal fluid (CSF) was positive with 471 cop-
ies per milliliter. One week after the first dose of pembroli-
zumab, he developed a maculopapular rash, which dissolved 
without further specific treatment and was considered an 
immune‐related adverse event. After another week, the 
patient was in a stable clinical condition. MRI showed mild 
contrast enhancement (Fig. 1) as sign of possible immune 
reconstitution inflammatory syndrome (IRIS), the JCV-PCR 
was still positive (but < 500 copies/ml). Another 2 weeks 
later the patient developed short term memory impairment 
and mild disorientation. Contrast enhancement in MRI 
remained stable while FLAIR lesions showed progression. 
The patient received a second dose of pembrolizumab 5 
weeks after the first one. Subsequently the disorientation 
and memory impairment abated, JCV-PCR was negative 
and MRI showed stable lesions with persistent contrast 
enhancement. A third dose of pembrolizumab was adminis-
tered 8 weeks after the first infusion. In follow-up visits the 
patient reported minimal improvement of visual impairment 
but showed no signs of cognitive impairment. He was able 
to resume his studies. MRI showed constant FLAIR lesions 
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without contrast enhancement and JCV-PCR remained nega-
tive at follow-up 15 months after the first dose of pembroli-
zumab. A graphical overview of the clinical course is given 
in Figure S1 in this article’s Online Repository.

Patient 2: A 45-year-old woman presented with fluctuat-
ing hypesthesia of the left leg for a few weeks. The patient 
was on immunoglobulin replacement therapy for common 
variable immunodeficiency (CVID) with immune dysregu-
lation including enteropathy, autoimmune cytopenia and 
interstitial lung disease. For enteropathy, she received bude-
sonide. Rituximab had been administered 15 years before 
presentation for immune thrombocytopenia and hemolytic 
anemia. MRI showed a parietooccipital FLAIR lesion on 
the right hemisphere without contrast enhancement. A ste-
reotactic biopsy was performed after extensive testing of 
CSF (including negative JCV-PCR). PML was diagnosed 
based on a strongly positive JCV-PCR from the biopsy and 
pembrolizumab was administered. Within days, symptoms 
progressed with mild hemiparesis on the right. MRI showed 
mild contrast enhancement as sign of IRIS. After a complete 
stabilization with only mild persistent hypesthesia and no 
signs of worsening enteropathy, the patient received a sec-
ond dose of pembrolizumab after 3 weeks. Further treatment 
was withheld because of stabilization after the second dose 
and the potential reactivation of the pre-existing autoim-
mune condition. After intermittent diarrhea and leukopenia, 

a third dose was given 4 months after the first dose because 
of mild progression of FLAIR lesions on MRI without 
contrast enhancement concomitant with increase in PD-1 
expression on T cells after an initial decrease (Fig. 2). Sub-
sequently, the patient developed severe leukopenia requiring 
corticoid therapy and administration of granulocyte colony-
stimulating factor and the diarrhea worsened. Additionally, 
there was laboratory evidence of autoimmune hepatitis. 
Because of newly developing cognitive deficits with neglect 
and progression of the parietooccipital FLAIR lesion and 
after discussion with the patient and relatives a fourth dose 
of pembrolizumab was administered with a reduced dose of 
0.5 mg per kilogram body weight after leukopenia, diarrhea 
and hepatitis had abated over a period for approximately 1 
week. PD-1 expression on T cells decreased again after the 
fourth dose but leukopenia reoccurred and she developed 
a pneumonia. In light of the clinical deterioration and the 
desperate situation the patient opted for palliative care and 
subsequently died from bleeding due to severe thrombocyto-
penia 6 months after the beginning of pembrolizumab treat-
ment. A graphical overview of the clinical course is given 
in Figure S2 in this article’s Online Repository.

Patient 3: A 78-year-old man presented with slowly pro-
gressing hemianopia over a few weeks. He had received 
chemotherapy including rituximab for the treatment of a 
diffuse large B-cell lymphoma (DLBCL) 1 month prior to 

Fig. 1  Transiently contrast-enhancing lesion in Patient 1. A Two 
months before treatment, bi-occipital lesions with minimal con-
trast enhancemend on the right as well as a lesion in the globus pal-
lidus are visible. B Lesions progress after treatment, a new lesion 
in the left frontal lobe, as well as bi-thalamic lesions are visible. 
Contrast enhancement is increased in the right occipital lesion. C 
Lesion in the thalamus is less intense, otherwise stable MRI. D + E 

Declining intensities of lesions, no contrast enhancement is detect-
able 15 months after initial treatment. Top row: FLAIR (Fluid-atten-
uated inversion recovery) MRI sequences, bottom row: MP RAGE 
(magnetization-prepared 180 degrees radio-frequency pulses and 
rapid gradient-echo sequences) MRI sequences post gadolinium 
application. m month, w week
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development of the symptom. MRI showed a large right 
occipital FLAIR lesion without contrast enhancement. JCV-
PCR of CSF was positive (< 500 copies/ml). Pembrolizumab 
was administered. Three weeks later, the patient reported 
worsening vision of the left eye and a tumor of the iris was 
identified. Additionally, he showed several tumors of the arm 
and leg suspicious of enlarged lymph nodes. A biopsy of one 
lymph node showed a relapse of the lymphoma. The occipi-
tal FLAIR lesion had progressed without contrast enhance-
ment. However, a left sided contrast-enhancing lesion had 
developed, suspicious of lymphoma. While being evaluated 
for further therapeutic options regarding the lymphoma, 
he developed a coma due to an extensive intracranial hem-
orrhage on the left hemisphere under full anticoagulation 
therapy for atrial fibrillation. He died a few days later under 
palliative care. A graphical overview of the clinical course is 
given in Figure S3 in this article’s Online Repository.

Patient 4: A 45-year-old man presented with progress-
ing dysarthria, impaired vision and attention deficit for 2 
weeks. He suffered from a combined immunodeficiency 
due to a deleterious compound heterozygous mutation 
in DOCK8 (dedicator of cytokinesis 8, MIM # 243,700), 
symptomatic with recurrent tumors of the skin, two epi-
sodes of meningitis in childhood, and mild lymphopenia 
(including at presentation to our clinic). An MRI showed 
bi-occipital FLAIR lesions without contrast enhancement 
and after positive JCV-PCR in the CSF, the diagnosis of 
PML was made. Pembrolizumab was administered for the 
first time. Relatives described decreasing dysarthria after 
the first dose. After another 2 weeks the patient developed 
non-fluent aphasia, attention deficit, further deterioration of 
his vision and right-sided hemiparesis. JCV-PCR from the 

CSF rose to 10.000 copies/ml and FLAIR lesions progressed 
with contrast enhancement at the borders. A second dose of 
pembrolizumab was administered. After being discharged to 
a rehabilitation clinic with stable deficits, the patient devel-
oped abdominal pain without diarrhea. No clear etiology for 
this pain (including autoimmune enteropathy, pancreatitis or 
hepatitis) could be established, and the pain subsided after 
antibiotic treatment. Symptoms of PML had progressed to 
severe spastic hemiparesis, JCV-PCR from the CSF was 
again positive with 68.500 copies/ml and the MRI showed 
a progression of lesions to the thalamus. Since PML lesions 
progressed with only mild maculopapular rash as sign of an 
autoimmune adverse reaction a third dose of pembrolizumab 
was administered. One week later the patient had two gen-
eralized epileptic seizures and fell into a persistent coma. 
Palliative care was initiated and the patient died a few days 
later. A graphical overview of the clinical course is given in 
Figure S4 in this article’s Online Repository.

Patient 5: A 49-year-old patient presented to us with 
aphasia, ataxia, apraxia and difficulties in memory. This 
patient’s initial clinical course has already been pub-
lished [21]. In short, he was diagnosed with PML by 
positive JCV-PCR (1,150 copies/ml) in CSF and left-
hemispheric FLAIR lesions on MRI. He had previously 
been diagnosed with CVID and had received Rituximab 
for DLBCL. Because of worsening of symptoms (mut-
ism) and progressing lesions on MRI pembrolizumab was 
administered. The patient was subsequently able to speak 
again and JCV-PCR was negative except for 1 analysis 
when intervals of dosing were extended from 2 to 4 weeks. 
Contrast enhancement was detected on MRI after the 6th 
infusion compatible with IRIS, but the patient showed 

Fig. 2  Patients show reduced expression of PD-1 on T cells after 
Pembrolizumab treatment. PD-1 expression is within normal range on 
CD4 + (A) and CD8 + (B) T cells in Patient 1 and 2 before treatment. 
Patient 3 and 4 show normal expression on CD8 + (B) and high nor-
mal expression on CD4 + T cells before treatment. All patients show 

a reduction of PD-1 expression after treatment. An increase is seen on 
T cells from Patient 2 four and five months after the first infusion dur-
ing severe autoimmune adverse reactions. Cells from Patient 5 were 
analyzed only 16 and 18 months after commencement of therapy and 
show low to low normal expression of PD-1
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no corresponding symptoms. After the 8th infusion the 
patient had self-limiting diarrhea for a few days. Because 
of stable symptoms and MRI lesions dosing intervals 
were extended to monthly intervals after the 7th infusion. 
Before the 10th infusion, JCV-PCR was positive, there-
fore pembrolizumab was then given every 2 weeks and 
after negative PCR every 3 weeks. After the 24th infusion 
Transaminases were elevated and therefore pembrolizumab 
was halted. JCV-PCR was positive for 4 months (2 months 
after pembrolizumab was halted), but was negative again 
without further administration of pembrolizumab. Lym-
phopenia had abated without specific treatment. Thirty-
nine months after onset of symptoms and 36 months after 
the first infusion, the patient is stable with severe aphasia, 
cognitive impairment and is dependent on care from his 
wife. However, during treatment he showed incremental 
improvement of aphasia and interaction (ability to utter 
needs with incomplete sentences and comprehension and 
execution of simple commands) and ataxia (ability to 
walk on his own and recently successful attempts to ride a 
bike with support). MRI shows progressive tissue atrophy 
without signs of active PML (Fig. 3). JCV-PCR remained 

negative. A graphical overview of the clinical course is 
given in Figure S5 in this article’s Online Repository.

Discussion

Without efficient antiviral therapy, the mainstay of PML 
therapy is immune reconstitution. In conditions where rever-
sal of immune suppression is not achieved mortality is high. 
This is demonstrated by a median survival of 2 months in 
a case series of patients with in hematologic malignancies 
and stem-cell transplantation [27]. Checkpoint inhibition has 
been applied so far in 11 cases with nivolumab therapy and 
20 cases with pembrolizumab therapy (including our previ-
ous report) with varying results [9–25]. Here were report 
on a series of 4 novel patients with PML in the context of 
PID or hematologic malignancy treated with pembrolizumab 
and follow-up data on one previously reported patient [21].

Two patients in this cohort showed long-term stabiliza-
tion judged by regression of MRI lesions and ultimately neg-
ative JCV-PCR from CSF. Symptoms improved moderately 
but patients still suffer from significant sequelae from PML. 

Fig. 3  Shrinking PML lesion during therapy and progressive atrophy 
in Patient 5. FLAIR images showing the largest lesion extension (A) 
after two months. B Shrinkage of the lesion four months later (B), 
previously published in [21]. (D) and (E) showing progressive tissue 

atrophy between 30 and 35  months after commencement of pem-
brolizumab. C is an overlay of A and B, (F) is an overlay of (D) and 
(E) with 50% transparency each. m indicating months after the first 
administration of pembrolizumab, over overlap



978 Journal of Neurology (2022) 269:973–981

1 3

This is representative of other published patients with good 
clinical outcomes, in whom deficits were stable or showed 
moderate improvement [9, 10, 15, 23, 25]. Only one patient 
with frontal lobe syndrome due to PML showed complete 
independence in daily life after treatment with IL-2 and 
pembrolizumab [17]. The death of Patient 3 due to intrac-
ranial hemorrhage—most likely in a lesion of his recurrent 
lymphoma under anticoagulation therapy—rather demon-
strates the aggressive disease causing the underlying immu-
nodeficiency than failure of pembrolizumab. Death from 
other causes (mainly progressive cancer) is also reported 
in other PML patients treated with nivolumab or pembroli-
zumab [13, 17].

In Patient 4 disease progression could not be stopped, 
demonstrated by rising copy numbers of JCV-DNA in CSF 
and increasing lesions on MRI. Similar catastrophic clini-
cal courses have been published previously, including a 
young patient who was diagnosed early after mild symp-
toms developed and had low copy numbers of JCV-DNA in 
CSF at diagnosis [10, 12, 18, 20, 22]. This challenges the 
concept that the disease can be controlled if treatment was 
commenced early and raises the question, if the underly-
ing immunodeficiency itself is a prognostic factor. Medrano 
et al. hypothesize that the fatal outcome in all of their three 
patients was due to the cyclosporine given to prevent kidney 
transplant rejection [18]. However, a patient who responded 
to nivolumab also received cyclosporine one month prior to 
developing PML [23]. In our case the patient suffered from 
a combined immunodeficiency due to mutations in DOCK8 
known for difficulties in the control of certain viral infec-
tions, so that even the blocking of PD1-mediated inhibi-
tion may have not been sufficient to overcome the T-cell 
deficiency which are also known to have a migratory defect 
in DOCK8-deficient patients, uncurable by checkpoint 
blockade.

Therefore, a careful evaluation of the cellular immune 
status may be informative of the potential outcome. Severe 
and especially inborn lymphopenia or functional T-cell defi-
ciency might dampen the therapeutic success of checkpoint 
inhibition. Along this line, two groups applied IL-2 before 
administration of pembrolizumab in three patients. One 
patient had a good outcome, the other two died of other 
diseases (lymphoma and pneumonia) [11, 17]. Patients with 
a desirable outcome in our report did not show lymphope-
nia before therapy (Patient 1) or showed rising lymphocyte 
counts during therapy (Patient 5). Regarding lymphocyte 
subsets, B-cell lymphopenia was most prominent in our 
cohort (Table 1) and in a recently published series of six 
cases [25]. However, B-cell counts did not serve as a prog-
nostic marker exemplified by Patient 4 having normal B-cell 
counts and no response to therapy. T-cell subset analyses 
showed an expansion of activated memory T cells while 
naïve populations were reduced – often seen in patients 

with PID—and did not differ between patients with regard 
to their outcome (Table S1). Pawlitzki et al. propose analyz-
ing lymphocyte subsets since they found higher frequencies 
of progenitor-exhausted T cells in a patient with good clini-
cal response to pembrolizumab and higher frequencies of 
terminally exhausted T cells in a patient without response to 
pembrolizumab [20]. Progenitor and terminally exhausted T 
cells have not been analyzed in out cohort.

PD-1 expression on T cells from peripheral blood from 
our patients was within the range of healthy controls. Pem-
brolizumab administration abrogated PD-1 expression suc-
cessfully on circulating T cells in all patients and therefore 
was not predictive for outcome or negativity of JCV-PCR 
(Fig. 2). Patient 1 showed an increase in PD-1 expression 
14 months after the last infusion. JCV-PCR was negative 
13 months after the last infusion, indicating that viral control 
is possible even after the effect of pembrolizumab wears off. 
In Patient 5 PD-1 expression was still decreased 4 months 
after the last infusion. JCV-PCR was transiently positive at 
that point. Patient 2 showed clinical and MRI progression 
of the disease after an initial response. While PML was pro-
gressing, PD-1 expression first increased and then decreased 
again. This indicates that a reduction in PD-1 expression 
might be prerequisite for viral control at beginning of ther-
apy but does not strictly correlate with viral control or symp-
toms of PML.

In line with these findings, a clinical response to pem-
brolizumab was not correlated to PD-1 suppression in a 
cohort of eight patients published by Cortese et al. [10]. 
However, in vitro T-cell reactivity to JCV peptides was only 
detected in patients who also responded to therapy. This 
indicates that pembrolizumab might only be able to support 
a pre-existing immune response to JCV.

Although pre-existing autoimmune diseases not necessar-
ily exclude treatment with checkpoint inhibitors in patients 
with cancer, clinical experience regarding exacerbation of 
already established autoimmune conditions after applica-
tion of checkpoint inhibitors is rare. Nevertheless, autoim-
mune phenomena (e.g., diarrhea, pneumonitis) as a result of 
checkpoint inhibition is frequently being observed in cancer 
patients. Autoimmune adverse reactions, such as myositis, 
rashes and worsening of a pre-existing digestive tract granu-
lomatosis, have been reported in PML patients [14, 23, 25]. 
None of the previously published PML patients experienced 
autoimmune cytopenia after treatment with pembrolizumab 
or nivolumab, despite one of the patients suffered from auto-
immune thrombocytopenia before development of PML [10, 
16, 20, 24]. In contrast, Patient 2 showed marked exacerba-
tion of pre-existing cytopenia with only transient response 
to granulocyte colony-stimulating factor and corticoster-
oid therapy and enteropathy, which was not prevented by 
increased budesonide prophylaxis. She developed a pneu-
monia during leukopenia and ultimately died from bleeding 
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due to thrombocytopenia likely triggered by pembrolizumab 
after wishing for no further treatment. Given her significant 
initial improvement of symptoms caused by PML, our pro-
phylactic options for secondary immune exacerbation must 
be improved and in the absence of suitable prophylaxis 
benefits of checkpoint inhibition must be strictly weighed 
against possible risks in patients with pre-existing autoim-
mune conditions and patients need to be plainly informed 
about the potential risk.

IRIS after checkpoint inhibition has rarely been reported 
[13, 21, 22, 24]. Four of our five patients showed contrast 
enhancement on MRI after initiation of pembrolizumab, but 
only Patient 2 had concomitant worsening of symptoms. Par-
alleled to his clinical deterioration patient 4 showed marked 
contrast enhancement on the borders of the lesions on MRI 
also in line with progressing PML. In HIV-infected patients 
signs of IRIS have been proposed to indicate better progno-
sis [28, 29], results from our patients and previously pub-
lished patients are ambiguous.

Given the short history of pembrolizumab therapy in 
PML, many therapeutic decisions have to be made with-
out precedence. Observations from patients in this report 
including a unique 38-month follow-up add substantially to 
previously published data: (i) Patients with certain pre-exist-
ing T-cell deficiencies may not respond to pembrolizumab 
therapy for PML. (ii) The number of infusions required for 
disease control may vary between patients and (iii) patients 
with poorly controlled autoimmune disorders may not be 
able to receive the minimal effective dose of pembrolizumab 
due to severe life-threatening exacerbation of autoimmune 
adverse reactions. (iv) Fluctuating results from JCV-PCR 
may not necessitate reinstallation of pembrolizumab.

Conclusion

For a subset of patients with immunodeficiency due to PID 
and/or hematologic malignancy pembrolizumab treatment 
can stop disease progression while symptoms may improve 
only moderately. Further studies must carefully define sub-
set of patients, in whom checkpoint inhibition is a valuable 
treatment option. Laboratory analyses of in vitro T-cell reac-
tivity to JCV [10] or detection of progenitor-exhausted T 
cells are candidate surrogates for an immune state which 
can be enhanced by checkpoint inhibition. Pre-existing 
autoimmunity is a severe contraindication which requires a 
careful and consented decision if therapy is justified on an 
individual basis. Clinical courses of treated patients must be 
closely monitored and analyzed to reach optimal outcome.
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