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Abstract

Background Progressive multifocal leukoencephalopathy (PML) is a subacute onset demyelinating disease caused by JC
virus and characterized by multifocal involvement of the subcortical white matter and cerebellar hemispheres or peduncles
on magnetic resonance imaging (MRI). However, non-HIV PML patients with brain lesions limited to the cerebellum and
brainstem have not been well characterized.

Methods We report a 68-year-old man with systemic lupus erythematosus under treatment with immunosuppressants who
developed non-HIV PML with brain lesions limited to the cerebellum and brainstem and successfully treated with a com-
bination of mefloquine and mirtazapine. We performed a literature review to characterize patients with non-HIV PML with
brain lesions limited to the cerebellum and brainstem.

Results Eight cases with non-HIV brainstem/cerebellar form PML were identified including our case. All cases had com-
promised status related underlying diseases. Four (50%) had a good prognosis. Five cases were treated, including 3 with
favourable outcomes. Between the good prognosis group (n=4) and the poor prognosis group (n=4), treatment status for
PML and the interval between the initial manifestation and diagnosis did not differ. Among those who performed contrast-
enhanced brain imaging, lesion enhancement was related to good prognosis (good prognosis group vs. poor prognosis group;
100% vs. 0%).

Conclusion PML should be considered in the differential diagnosis of brain lesions limited to the cerebellum and brainstem in
immunocompromised patients. The presence of immune response against JC virus and inflammatory reactions may indicate
good prognosis in non-HIV brainstem/cerebellar form PML

Keywords Progressive multifocal leukoencephalopathy - Cerebellum and brainstem - Mefloquine - Mirtazapine - Systemic
lupus erythematosus

Introduction

< Keisuke Suzuki

keisuke @dokkyomed.ac.jp Progressive multifocal leukoencephalopathy (PML) is a sub-

acute-onset demyelinating disease caused by JC virus (JCV)
that usually affects individuals with immunosuppressed con-
ditions and is characterized by multifocal involvement of
the subcortical white matter and cerebellar hemispheres or
peduncles on magnetic resonance imaging (MRI). The clini-
cal course shows subacute progression, and the prognosis is

Department of Neurology, Dokkyo Medical University,
Shimotsuga 321-0293, Tochigi, Japan

Department of Neurosurgery, Dokkyo Medical University,
Shimotsuga, Japan

Department of Pathology and Applied Neurobiology, Kyoto

Prefectural University of Medicine, Kyoto, Japan

Department of Rheumatology, Dokkyo Medical University,
Shimotsuga, Japan

Department of Neurology, Rehabilitation Amakusa Hospital,
Saitama, Japan

Department of Virology 1, National Institute of Infectious
Diseases, Tokyo, Japan

poor, with a 3-month mortality rate of 20-50% in untreated
patients [12, 13].

PML is classified into HIV-associated and non-HIV-asso-
ciated PML, with the latter caused by various conditions,
such as malignancy, chemotherapy, and immunosuppres-
sants for autoimmune disease [35]. Recently, the increased
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use of monoclonal antibody therapy for multiple sclerosis or
haematologic diseases has been attributed to an increase in
the prevalence of non-HIV-associated PML [35]. PML typi-
cally involves the cerebral white matter, the brainstem and
cerebellum, but rarely involves the spinal cord [10]. Clinical
symptoms vary according to the lesions [33]. No treatment
for PML has been established, but immunosuppressants
should be discontinued if possible. Other case reports have
described the efficacy of mirtazapine, a noradrenergic and
specific serotonergic antidepressant [3], and mefloquine,
an antimalarial agent, for PML [21, 26]. Because PML can
show various clinical presentations and MRI findings, its
differential diagnosis includes a variety of diseases, such as
glioma, malignant lymphoma, multiple sclerosis and neu-
ropsychiatric lupus as well as infectious encephalitis [29].

Here, we present a patient with systemic lupus erythe-
matosus (SLE) under treatment with immunosuppressants.
The patient developed non-HIV-associated PML that pre-
sented as brain lesions limited to the cerebellum and brain-
stem. Following brain biopsy, oral tacrolimus therapy was
discontinued and combined treatment with mefloquine and
mirtazapine improved the patient’s symptoms.

Case report

A 68-year-old male patient presented to our department
with difficulty in speech, vertigo and an unsteady gait last-
ing for 4 months. At the age of 59 years old, the patient was
diagnosed with rheumatoid arthritis. At the age of 65 years
old, he developed joint pain, rash in hands, canker sores,
facial erythema, a discoid rash and photodermatosis and had
positive results for serum anti-nuclear antibody and dsDNA-
IgG antibody, leading to a diagnosis of SLE. Treatment with
prednisolone and tacrolimus was started. His body tempera-
ture was 36.8 °C, blood pressure was 147/72 mmHg, and
pulse rate was 68 beats/min. The patient was alert and cogni-
tively intact. He showed right gaze-evoked nystagmus with-
out limitation of extraocular movement. He had paresthesia
in his right face and slurred speech, but facial weaknesses
was not observed. Neither motor weakness nor sensory
impairments were noted. Tendon reflexes were normal, and
pathological reflexes were negative. A finger-to-nose test
showed dysmetria and clumsiness in the right hand. Truncal
ataxia and lateropulsion to the right were evident.
Electrocardiography was normal. Laboratory data showed
mild renal dysfunction (serum creatinine: 1.12 mg/dL;
eGFR: 51.1 ml/min/1.73 m?) and increased HbAlc levels
(7.0%). WBC count was preserved (7200/uL), but CD4-
positive lymphocyte was decreased (452/uL). Anti-ss DNA
antibody and anti-ds DNA antibody tests were positive
(Table 1). Tumour markers, such as CEA and SCC, were
not elevated. An anti-HIV antibody test was negative.
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Levels of serum sIL-2R, terminal deoxynucleotidyl trans-
ferase, ACE, and anti-AQP4 antibodies were within normal
ranges. An anti-ribosomal P antibody test was negative.
Cerebrospinal fluid (CSF) examination did not show pleo-
cytosis or increased protein levels. IL-6 and p2MG levels
were elevated. Qualitative analysis of JCV DNA by PCR
in CSF was negative (Table 2). Cytology of CSF showed
lymphocyte infiltration, and there were no malignant cells.
Contrast-enhanced chest and abdominal computed tomog-
raphy showed no mass lesions or swollen lymph nodes.
Diffusion-weighted and fluid-attenuated inversion recovery
MRI of the brain showed high signal intensities extending
from the right pons to the right cerebellar hemisphere via the
right middle cerebellar peduncle with slight enhancement on
gadolinium-enhanced T1-weighted MRI (Fig. 1).

Upon admission, oral tacrolimus therapy (3 mg/day)
was discontinued, and the prednisolone dose was gradu-
ally decreased. Gait disturbance progressed, and he was
even unable to stand up 7 days after admission. At the same
time, right facial palsy appeared. A follow-up brain MRI
performed on day 8 revealed enlargement of brain lesions
in the right pons and cerebellum. On day 15, stereotactic
brain biopsy was performed in the right cerebellum, and
lymphoid cell infiltration was observed in the frozen section.
From day 16, intravenous methylprednisolone (1 g/day) was
administered for 3 days, and this led to temporary improve-
ment of vertigo and unsteadiness, but these symptoms sub-
sequently relapsed. Histopathological specimens revealed
infiltration of plasma cells, lymphoid cells, and abundant
macrophages in the damaged area (Fig. 2). Epstein-Barr
early RNA in situ hybridization (EBER-ISH) showed posi-
tive label in B lymphocytes, suggesting acute demyelinat-
ing encephalomyelitis with Epstein-Barr virus reactivation.
However, immunostaining for JCV capsid protein revealed
intranuclear viral inclusions in mildly enlarged glial nuclei.
JCV-infected glial cells were detected by immunohistochem-
istry with anti-JCV VP2/VP3 antibody [34]. Based on these
pathological findings, a diagnosis of PML was made. Addi-
tionally, quantitative JCV DNA PCR of CSF was found to
be positive. Following combined therapy with mefloquine
and mirtazapine, the patient achieved marked improvement
in clinical symptoms, and he became able to walk indepen-
dently (Fig. 3). Six months later, JCV DNA PCR turned
negative. Over a 9-month follow-up, no relapse occurred
and his clinical symptoms were stable.

Discussion

Here, we report a patient with SLE under treatment with
immunosuppressants who developed non-HIV-associ-
ated PML that presented as brain lesions limited to the
cerebellum, brainstem and middle cerebellar peduncle.
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Table 1 Laboratory data of the
patient

Serum Biochemistry (reference value)

Complete blood count

AST 15 U/L (13-30)

ALT 15 U/L (10-42)

LDH 236 U/L (124-222)

Total protein 6.2 g/dL (6.6-8.1)
Albumin 3.2 g/dL (4.1-5.1)
Uric acid 6.4 mg/dL (3.7-7.0)

Creatinine 1.12 mg/dL (0.65-1.07)
Creatine kinase 24 U/L (59-248)
C-reactive protein 0.17 mg/dL (0.14>)

Glucose 176 mg/dL
HbAlc 7.0% (4.9-6.0)

Ferritin 43.6 ng/mL (21.8-274.6)

C3 62.7 mg/dL (73.0-138.0)
C4 19.5 mg/dL (11.0-31.0)
ESR (1 h) 31 mm (2-10)
IgG 1216 mg/dL (861-1747)

Anti-ss DNA Ab 13 AU/mL (25>)
Anti-ds DNA Ab 29 TU/mL (12>)

TdT 7.8 U/L (7.5>)

sIL-2R 649 U/mL (220-530)
Anti-aquaporin-4 Ab; negative
ACE 11.7 U/L (8.3-21.4)
Anti-ribosomal P Ab; negative
B-D-glucan 6.0 pg/mL (11.0>)
Anti- HIV Ab; negative

WBC 7200/uL (3300-8600)

RBC 393 /uL (435-555)
Hemoglobin 11.1 g/dL (13.7-16.8)
Platelet 18.3 x10%/uL (15.8-34.8)
CD4+ lymphocyte 452 /uL.

Coagulation

PT-INR 0.84 (2.0>)
APTT 25.0 s(60>)
D-dimer 9.1 ug/mL (1.0>)

Cerebrospinal fluid

Cells 3 (mono 2/ polyl) /uL (5>)

Glucose 68 mg/dL

Total protein 38 mg/dL (8—43)

Albumin 184 mg/L

LDH 24 U/L

ACE 0.3 U/L

TdT 2.0 U/L

CSF-IgG 3.4 mg/dL

CSF-ADA 2.8 U/L

MBP 159 pg/mL (102>)

B2-microglobulin 3.9 mg/L (2.0>)

Qualitative analysis of JCV DNA PCR; negative
Quantitative analysis of JCV DNA PCR; positive

AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, ESR eryth-
rocyte sedimentation rate, 7dT terminal deoxynucleotidyl transferase, s/L-2R soluble interleukin-2 recep-
tor, ACE angiotensin-converting enzyme, WBC white blood cell, RBC red blood cell, PT-INR prothrombin
time/international normalized ratio, APTT activated partial thromboplastin time, ADA adenosine deami-

nase, MBP myelin basic protein

Differential diagnoses of middle cerebellar peduncle
lesions in our patient included glioma, malignant lym-
phoma or demyelinating diseases (such as multiple scle-
rosis), CNS lupus, and Behcet’s disease [22, 37]. In the
present case, because the patient’s clinical symptoms
progressively deteriorated, brain biopsy was performed
before the results of quantitative JCV DNA PCR of CSF
were available. The findings in JCV-infected glial cells,
which were immunoreactive for JCV capsid protein on
brain biopsy, and positive results from quantitative JCV
DNA PCR of CSF later led to a diagnosis of PML. Thus,
unilateral brainstem and cerebellar lesions, when found
in immunosuppressive patients, should lead to considera-
tion of PML. To treat non-HIV-associated PML, the first
choice is reconstruction of the patient’s immune system
by quitting immunosuppressants. However, autoimmune
diseases and demyelinating diseases require enhanced
immunosuppression therapy. Misdiagnosis and inappro-
priate treatment can, therefore, exacerbate disease, and a
correct and early diagnosis is, therefore, important.

PML was thought a fatal, intractable demyelinating dis-
ease caused by JC virus; it belongs to the polyoma virus
family. Latent infection with JCV is not rare, and 50-90%
of the population is seropositive for JCV [24]. In compro-
mised patients, reactivated JCV affects oligodendrocytes
and causes leukoencephalopathy [12]. Previously, PML was
considered a rare disease that mainly occurred in compro-
mised hosts, such as those with HIV infection, hematologic
disease, posttransplantation status, and chemotherapy or
immunosuppression therapy [13]. In contrast, today, more
attentions have focused on PML, and an increase in the
number of patients being treated with various monoclonal
antibodies, such as natalizumab and rituximab has been well
documented [12].

In the established PML diagnostic criteria, PML is
diagnosed based on clinical features, imaging findings and
CSF PCR for JCV. According to the diagnostic criteria,
our patient was classified as “definite PML” [8]. A histo-
pathological diagnosis requires confirmation of JCV protein
labelling by immunostaining and JCV DNA PCR-positive
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Table 2 Non-HIV PML with MRI lesions limited to the cerebellum and brainstem

Authors, year Case No. /age MRl lesions Lesion enhance- Comorbid Treatment for Interval Clinical outcome
(y)/sex ment on CT/ diseases and PML between the
MRI treatment initial symptom
onset and diag-
nosis
Irie et al.[16] Case 1/64/F R MCP and - CRF on hemo-  None 4 months Death
cerebellum dialysis (diagnosed by
autopsy)
Arai et al. [5] Case 2/74/F Bil MCPs, cer-  Not described CRF on hemo-  None 6 months Death
ebellum and dialysis (diagnosed by
brainstem autopsy)
Rueger et al. Case 3/39/M Bil MCP and Not described ~ ICL in whom None Several months Marked improve-
[30] cerebellum functional ment
recovery later
Phan-Baetal. Case 4/29/M L MCP + MS. Treated by PE and IVMP 3 weeks Marked improve-
[28] natalizumab ment
for 3years
Tto et al. [17] Case 5/66/F Bil MCPs - ML. Treated by Mirtazapine, 6 months Died 2Y after
rituximab for mefloquine onset
8 months and [IVMP
Aotsuka et al. Case 6/66/M L MCP and Not described DM, CRF and IVMP and 2 months Died 3 M after
[4] pons HT mefloquine onset
Nshigorietal.  Case 7/77/F Bil MCPs, pons  + RA. Treated by Mefloquine and 6 months Marked improve-
[25] and cerebel- PSL and MTX  mirtazapine ment
lum for 9 years
The present Case 8/68/M R MCP, pons + SLE. Treated by Mefloquine and 5 months Marked improve-
case and cerebel- PSL, tacroli- mirtazapine ment
lum mus and MTX
for 9 years

CRF chronic renal failure, CT computed tomography, DM diabetes mellitus, HT hypertension, /CL idiopathic CD4+ T lymphocytopenia, /VMP
intravenous methylprednisolone, MCP middle cerebellar peduncle, ML malignant lymphoma, MRI magnetic resonance imaging, MS multiple
sclerosis, MTX methotrexate, PSL prednisolone, RA rheumatoid arthritis, SLE systemic lupus erythematosus

by biopsy specimens. PML typically involves the subcortical
white matter but can also involve the infratentorial cerebel-
lar white matter [12], similar to what was observed in our
patient. Parr et al. [27] reported that 24% of PML patients
with or without HIV status showed cerebellar lesions, and
20% of patients showed brainstem lesions. On brain MRI,
the characteristic findings of PML are diffuse asymmetrical,
unclear boundary lesions with T1-weighted low-intensity
and T2-weighted high-intensity signals [29, 32]. A crescent-
shaped cerebellar sign without dentate nucleus involvement
has been described in PML patients [31] and was observed
in our patient. Additionally, concomitant gadolinium
enhancement suggests immune reconstitution inflamma-
tory syndrome (IRIS). Natalizumab-related PML and IRIS-
PML show enhancement lesions on contrast-enhanced MRI
[12, 29]. Histopathological features of PML include oligo-
dendrocytes with amphophile intranuclear inclusions and
demyelination and softening of the white matter, and similar
pathological features were also observed in our patient.
Brainstem and cerebellar involvement are not rare in
PML, but PML lesions limited to the cerebellum and
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brainstem are less frequently presented in non-HIV patients
in the literature. In Table 2, we summarize 8 cases of non-
HIV infratentorial-onset PML, including our patient [4, 5,
16, 17, 25, 28, 30]. All cases had compromised status related
to various underlying diseases, such as chronic renal fail-
ure, idiopathic CD4 lymphocytopenia and malignant lym-
phoma. Out of 8 patients, 4 had a good prognosis. Five cases
were treated, including 3 with favourable outcomes. In our
patient, the interval between the initial symptom onset and
PML diagnosis was 5 months, and this was not significantly
shorter than that observed in other cases. When comparing
the good prognosis group (cases 3, 4, 7 and 8) and the poor
prognosis group (cases 1, 2, 5 and 6), treatment for PML and
the interval between the initial manifestation and diagnosis
were found to be unlikely to contribute to the patients’ clini-
cal outcomes. For example, case 3 had idiopathic CD4+ T
lymphocytopenia and was diagnosed with PML several
months after the initial manifestations. The patient received
no specific treatment for PML because of the patient’s over-
all good condition, and his clinical symptoms and MRI
findings had markedly improved one year later. In contrast,
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Fig. 1 Brain MRI. Diffusion-
weighted (a) and fluid-atten-
uated inversion recovery (b)
magnetic resonance images of
the brain showing high signal
intensities extending from the
right pons to right cerebellar
hemisphere via the right middle
cerebellar peduncle. Gadolin-
ium-enhanced T1-weighted
images (c, d) showing slight
enhancement in the correspond-
ing lesions

case 6 had diabetes, hypertension and chronic renal failure
and died 3 months after onset despite the relatively early
diagnosis of PML based on MRI findings and positive JCV
PCR on CSF (approximately 2 months after initial mani-
festation) and treatment with intravenous methylpredniso-
lone and mirtazapine. These observations suggest that the
clinical prognosis of the cerebellum and brainstem form of
non-HIV PML may depend on the patients’ general status
with regard for comorbid conditions, and comorbid chronic
renal failure could indicate a poor prognosis in this series.
JCV DNA levels > 3.64 log copies/mL [11] and the pres-
ence of JCV—specific cytotoxic T-lymphocytes [20] have
been associated with shorter survival in PML, whereas in
HIV-related PML patients, lesion enhancement on computed
tomographic scan or MRI has been related with the recovery
of neurological function [9]. This finding may be applicable
to non-HIV PML patients with cerebellum and brainstem
involvement showing lesion enhancement on MRI, indicat-
ing a good recovery. Among those who performed contrast-
enhanced brain imaging, lesion enhancement was related

to favorable prognosis (good prognosis group (cases 4, 7
and 8) vs. poor prognosis group; 100% vs. 0%; Table 2).
Unlike HIV-associated PML cases, the presence of immune
response against JC virus and inflammatory reactions, indi-
cated by contrast-enhancing lesions on neuroimaging and
increase in CD 4+ T -cell counts, may contribute to favorable
clinical course in non-HIV PML cases [14]. Akagawa et al.
[1] reported 2 non-HIV related PML patients with autoim-
mune diseases on immunosuppressants. The 2 patients were
treated with mefloquine, mirtazapine and risperidone and
showed good recovery, which was attributed to preserved
immune responses against JC virus indicated by gadolinium
enhancement at lesions on brain MRI and balanced infiltra-
tion of CD 8+ and CD 4+ on brain biopsy, respectively.
The three-month mortality rate of PML in untreated
patients has been reported to be 20-50% [12], and the
probability of survival at 1 year was 52% for HIV-posi-
tive PML and 58% for HIV-negative PML patients [20].
In HIV-related PML, highly active antiretroviral therapy
contributed to higher 1-year survival rates [2]. However,
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Fig.2 Pathological specimens.
Histopathological specimens
showing infiltration of inflam-
matory cells in the damaged
area of the white matter on

HE staining (a), and a glial
cell with mildly-enlarged
nuclei were present, suggest-
ing JCV-infected cells. Plasma
cells and lymphoid cells were
also infiltrating. b Epstein-Barr
early RNA in situ hybridiza-
tion (EBER-ISH) staining was
positive in B lymphocytes (c).
JCV-infected glial cells were
detected by immunohistochem-
istry with anti-JCV VP2/VP3
antibody [34] (d)

Clinical signs

Cerebellar ataxia

Right facial paresth

Treatment
Steroid
PSL 13 mg 11mg/d
Tacrolimus T
3 mg/d

Right facial palsy ‘

h

mPSL 60 mg/d
1000 me/d 6.6 mg 4mg 3mg 2.5mg 1.5mg 1mg/d
Mirtazapine
15 mg/d
Mefloquine
275 mg/w

X-1Y Aug. X1YDec1 1
Day2 Day7

Fig.3 Clinical course of the patient. Upon admission, oral tacrolimus
therapy (3 mg/day) was discontinued, and the prednisolone dose was
gradually decreased. Gait disturbance progressed, and he was unable
to stand up on Day 7. At the same time, right facial palsy appeared.
A follow-up brain MRI performed on Day 8 revealed enlargement of
the brain lesions in the right pons and cerebellum. On Day 15, ste-
reotactic brain biopsy from the right cerebellum was performed,
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Day 16-18
Day 15
Brain biopsy
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Day 32 Day 42

and atypical lymphocytes were observed in the frozen section. From
Day 16, intravenous methylprednisolone (1 g/day) was administered
for 3 days, and this led to temporary improvement of vertigo and
unsteadiness, but these symptoms subsequently relapsed. Following a
diagnosis of PML, combined therapy with mefloquine and mirtazap-
ine resulted in marked improvement in his clinical symptoms. PSL
prednisolone; mPSL methylprednisolone; DEX dexamethasone



Journal of Neurology (2020) 267:731-738

737

for non-HIV PML other than immediate discontinuation
of causative immunosuppressants, therapeutic options and
their evidence basis are limited.

In patients with non-HIV and biological agent-asso-
ciated PML, after discontinuation of immunosuppres-
sion therapy, plasma exchange was well tolerated [12].
However, plasma exchange may accelerate development
of natalizumab-associated PML-IRIS [36] and unlikely
efficacious in rituximab-associated PML [12]. In addi-
tion to those therapies, mefloquine and mirtazapine are
other treatment options [21]. Mirtazapine is a noradren-
ergic and specific serotonergic antidepressant that pre-
vents combining between the virus and oligodendrocytes
[3]. Mefloquine shows an anti-JCV effect in vitro, but its
mechanism remains unexplained. Several [7, 15, 18] but
not all [19, 23] were successfully treated with mefloquine.
The effect of mefloquine may depend on the recovery of
cell-mediated immunity and genetic polymorphism in the
MDRI1 P-glycoprotein, which causes differences in the
BBB transport of mefloquine and may, therefore, play a
role in this disease [6]. Because no sufficient evidence
has accumulated regarding the use of mefloquine and mir-
tazapine for non-HIV-associated PML, further clinical tri-
als are warranted.

In conclusion, we describe a patient with non-HIV-
associated PML with brain lesions limited to the cere-
bellum and brainstem who had SLE and was on immu-
nosuppression therapy. Although qualitative analysis of
JCV DNA PCR in CSF was negative, JCV was confirmed
positive in specimens obtained in brain biopsy, and this led
to a diagnosis of PML. Early initiation of treatment with
mirtazapine and mefloquine improved the patient’s clinical
symptoms. In compromised patients with isolated brain-
stem and cerebellar lesions, PML should be included in the
differential diagnosis. The presence of immune response
against JC virus and inflammatory reactions may indicate
good prognosis in non-HIV brainstem/cerebellar form
PML.
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