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Abstract: Progressive multifocal leukoencephalopathy (PML) is a central nervous system
infection caused by John Cunningham (JC) virus reactivation in an immunocompromised
patient. PML has various neurologic symptoms and has very poor prognosis. A 36-year-old
man developed transverse myelitis and had a psychiatric disorder at the age of 26. He was
diagnosed with systemic lupus erythematosus (SLE) and neuropsychiatric SLE (NPSLE),
on the basis of leukopenia and presence of anti-DNA and anti-nuclear antibodies. Treatment
with glucocorticoid (GC) was started, and remission was introduced. Six months before PML
onset, his condition was complicated with hemophagocytic lymphohistiocytosis (HLH) due to
exacerbation of SLE. Remission re-induction therapy by GC, cyclosporine-A, intravenous cyclophosphamide, and rituximab (RTX) was initiated and HLH improved. However, interleukin-6
levels of the cerebrospinal fluid (CSF) continued to rise. We thought that the disease activity
of NPSLE worsened; thus, we introduced mycophenolate mofetil (MMF) 4 months before
the PML onset. He developed progressive dysarthria and right hemiplegia. He was diagnosed
with PML via magnetic resonance imaging and JC virus polymerase chain reaction in CSF.
Considering that immunosuppressants, including RTX and MMF, are precipitating factors of
PML, we discussed the RTX removal using plasma exchange (PEx), but we did not introduce
PEx, because it was expected that the concentration of RTX was already lowered when he was
diagnosed with PML. Treatment for PML with mefloquine and mirtazapine saved his life, but
severe residual disabilities remained. This is the first report of a patient who developed PML
during combination therapy with RTX and MMF.
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Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease of
the central nervous system caused by reactivation of John Cunningham (JC) virus in
an immunocompromised patient. PML has various neurological symptoms, such as
paralysis or dysphagia. Previously, PML was mostly seen in patients with HIV/AIDS.
Along with the advancement of immunosuppressive therapy for various autoimmune
diseases, PML based on autoimmune diseases is increasing.1 With the advent of
new immunosuppressive agents, the use of combination therapy may also increase.
Therefore, there is a possibility that severe complications including PML will increase.
In some non-HIV associated PML cases, mirtazapine, mefloquine, cytarabine, and
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cidofovir have been effective.2,3 In particular, mefloquine, an
antimalarial drug, has been reported to inhibit the proliferation of JC virus in vitro and is often used for the treatment
of non-HIV PML.4 However, non-HIV PML has a very poor
prognosis. The therapeutic strategy for non-HIV PML has not
been established. Here, we report a patient who developed
PML during the combination therapy with rituximab (RTX)
and mycophenolate mofetil (MMF) in refractory systemic
lupus erythematosus (SLE) and the valuable effect of mefloquine and mirtazapine in PML.

However, interleukin-6 (IL-6) levels in the cerebrospinal fluid
(CSF) were gradually rising (maximum IL-6 level recorded
just before the start of MMF administration was 16.4 pg/mL).
We diagnosed that the disease activity of NPSLE deteriorated.
Because we thought that therapy intensification for NPSLE
was required, we introduced MMF 4 months before PML
onset. MMF was started at 1,000 mg/day and was gradually
increased to 3,000 mg/day, and GC was gradually tapered.
Four months after starting MMF, he developed dysarthria and
right hemiplegia. Brain magnetic resonance imaging (MRI)
showed an abnormal focal lesion in the white matter of the
temporal lobe (left lobe dominant) (Figure 2A). White matter
lesions gradually extended (Figure 2B). Polymerase chain
reaction (PCR) tests for JC virus were positive in the CSF
(96,935,000 copies/μL). Finally, the patient was diagnosed
with PML 3 months after the onset of dysarthria and right
hemiplegia. Considering that immunosuppressive therapy is a
precipitating factor of PML, RTX may have affected the onset
of PML. Thus, we considered RTX removal using plasma
exchange (PEx), but we did not introduce PEx, because it was
expected that the concentration of RTX was already lowered
at the time he was diagnosed with PML. Simultaneously
with the diagnosis of PML, we started to taper immunosuppressive agents gradually so that the disease activity of SLE
does not recur (GC gradually decreased from prednisolone
8 to 5 mg/day and MMF was tapered off). In addition, after
obtaining the approval of our hospital’s ethics committee,
we started to administer mefloquine and mirtazapine, which
were reported to have therapeutic effects for non-HIV

Case report
The patient was a 36-year-old Japanese man. He developed
transverse myelitis and psychiatric disorder at 26 years of age.
He was diagnosed as having SLE and neuropsychiatric SLE
(NPSLE) based on the presence of leukopenia and positive
anti-DNA and anti-nuclear antibodies. Treatment with glucocorticoid (GC) was initiated, and remission was introduced.
Six months before the PML onset, his condition was complicated with hemophagocytic lymphohistiocytosis (HLH),
and SLE relapsed. Remission reinduction therapy, consisting
of two courses of GC pulse therapy (methylprednisolone at
1,000 mg/day), cyclosporine-A, intravenous cyclophosphamide (IVCY), and RTX, was administered. One course of
IVCY at 500 mg was administered. However, IVCY was
ineffective for HLH. We administered four courses of RTX
at 375 mg/m2. The final administration of RTX was 5 months
before PML onset (Figure 1). After remission reinduction
therapy, HLH was improved. GC was gradually tapered.
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Figure 1 The clinical course and treatments.
Abbreviations: mPSL, methylprednisolone; PSL, prednisolone; CsA, cyclosporine-A; IVCY, intravenous cyclophosphamide; RTX, rituximab; MMF, mycophenolate mofetil;
HLH, hemophagocytic lymphohistiocytosis; IL-6, interleukin-6; CSF, cerebrospinal fluid.
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Figure 2 Changes in brain magnetic resonance imaging (FLAIR images).
Notes: (A) At the time of the PML onset. (B) A month and half after PML onset before starting treatment by mefloquine and mirtazapine. (C) Two months after the start
of treatment by mefloquine and mirtazapine. (D) Eight months after the onset of PML and 6 months after the start of treatment by mefloquine and mirtazapine.
Abbreviations: FLAIR, fluid-attenuated inversion recovery; PML, progressive multifocal leukoencephalopathy.

associated PML.3,5 One month after starting mefloquine and
mirtazapine administration, spiking fever, and serological
inflammatory response were observed, without obvious signs
of infection. Although immune reconstitution syndrome
(IRIS) was suspected, the patient did not have vital organ
complications. Therefore, we did not increase GC for IRIS.
Fever and rise of serological inflammatory response lasted
~2 weeks, his fever and serological inflammatory response
declined spontaneously without increase of GC. Two months
after starting mefloquine and mirtazapine administration,
white matter lesions further extended (Figure 2C). The patient
began to suffer life-threatening epileptic seizures and needed
anticonvulsants. Six months after starting treatment with
mefloquine and mirtazapine, epileptic seizures became controllable with anticonvulsants, thus saving his life. Although
MRI findings revealed improvement of white matter lesions
in the brain and the load of JC virus DNA in the CSF was
drastically decreased (7,492 copies/μL), extensive atrophy of
the brain parenchyma was observed (Figure 2D). Although
his activities of daily living were independent before the
onset of PML, consequentially, he had severe physical
impediment (dysarthria and hemiplegia). He needed total
assistance in doing his activities of daily living. The patient
had a functional independence measure score of 19.19 Even
though immunosuppressive therapy was reduced, there was
no subsequent recurrence of SLE or NPSLE 11 months after
tapering of immunosuppressive therapy and initiation of
mefloquine and mirtazapine.
Written informed consent in Japanese was provided by
the patient’s father to have the case details and accompanying
images published.

Discussion
Cellular immune deficiency or other kinds of immunosuppression (eg, immunosuppressive therapy and anticancer
drug treatment) allow the reactivation of JC virus. It is
thought that PML develops through the reactivation of JC
Therapeutics and Clinical Risk Management 2018:14

virus, infecting and destroying oligodendrocytes, possibly
through the 5-HT2A serotonin receptor.6 In the past, most
PML cases occurred in patients with HIV/AIDS. In recent
years, reports of PML occurrence during immunosuppressive therapy are increasing with the rise of various
immunosuppressive and biological agents, such as RTX
for various autoimmune diseases.7 Patients using immunosuppressive agents other than biologic agents, such as GC,
MMF, cyclosporine-A, and IVCY, are also reported to be at
risk of developing PML. Immunosuppressive agents used at
the onset of PML varied, and the timing of onset was also
diverse.7 Therefore, it is difficult to accurately predict the
onset time of PML. Among the connective tissue diseases,
the incidence of PML in SLE is relatively high.8 A retrospective large population-based observational study, which
analyzed a health insurance database, showed that the incidence rate of PML in patients with SLE is 2.4 per 100,000
person-years.9 Nearly two-thirds of PML cases in patients
with systemic rheumatic diseases occurred in patients with
SLE as reported in the literature.8 Forty percent of PML
cases in SLE occurred in patients who had had minimal
immunosuppression (ie, low-dose GC therapy without other
immunosuppressive agents).10 It is notable that only the maintenance doses of GC or immunosuppressive agents could
have developed PML. This suggested that SLE itself may
predispose to PML. In our case, we were forced to administer
GC, RTX, and MMF simultaneously for refractory SLE and
NPSLE, and temporarily used concomitantly more immunosuppressive agents. Since multiple immunosuppressive
agents were administered, our case is considered to be a
high-risk case of PML. This combination therapy of RTX
and MMF has been reported to be effective for refractory
SLE with various organ complications and childhood GCresistant nephrotic syndrome.11,12 In each report, although
infectious diseases were reported as adverse events, there
was no mention that adverse events including infections had
increased compared with conventional therapies. Moreover,
submit your manuscript | www.dovepress.com
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there were no cases of developing PML. On the other hand,
it is suggested that both RTX and MMF may be risk factors
for developing PML. Henegar et al reported that two out of
35 patients with SLE who developed PML had a history
of RTX administration and nine of the patients had history
of MMF administration.13 However, there is no report that
PML occurred during combination therapy with RTX and
MMF. This is the first report on PML that occurred during
the combination therapy with RTX and MMF in a patient
with SLE. It is necessary to pay attention to the onset of
PML regardless of the therapeutic regimen in SLE patients.
In our case, the final administration of RTX was 5 months
before PML onset. The administration of RTX results in
depletion of CD20+ B cells in the peripheral blood and
CSF.14 Subsequently, recruitment of immature B cells from
the bone marrow potentially disseminates the latent virus to
the brain. RTX attenuates immune surveillance systems.15
Therefore, it is thought that the effect of RTX remained,
and RTX affected the onset of PML. In non-HIV PML,
discontinuation or tapering of immunosuppressive therapy
is the primary therapy for PML. Additionally, several studies
have reported that mefloquine alone or in combination with
mirtazapine was effective for non-HIV PML.3,5 Mefloquine
has been shown to have anti-JC virus action in vitro, and
mirtazapine is supposed to inhibit JC virus from invading
oligodendroglia.3,4 In this case, it seems that treatment with
mefloquine and mirtazapine was considered partially successful because the JC virus DNA levels in the CSF were
drastically decreased. However, the recent mefloquine trial
of PML patients was reported to fail to reduce JC virus DNA
levels in the CSF.16 In this trial, a total of 37 PML patients
were registered and randomized to the standard of care group
or mefloquine group. This included 21 HIV-positive patients,
all of whom were taking highly active antiretroviral therapy
(HAART), and three HIV-negative patients who had either
cancer or systemic rheumatic disease. The background condition, status of HIV with HAART or non-HIV, might have
affected the results. It has been reported that cytarabine and
cidofovir were effective for non-HIV PML, but the effectiveness was not demonstrated by analysis of a large number of
subjects.2 Thus, no clear evidence has been established for
the treatment of non-HIV PML. Further studies in a large
number of subjects should be conducted to confirm whether
mefloquine is effective for treading non-HIV PML. When
treating PML, we should pay attention to IRIS. Cellular
immunity is ameliorated by tapering of immunosuppressive
therapy, attacking JC virus-infected cells, which triggers
a rapid inflammatory reaction and development of IRIS.
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The immune reaction after immune reconstitution is a vital
response necessary to remove JC virus-infected cells; for mild
cases like the presented case, only follow-up observation is
acceptable. However, in some severe cases, such as a vital
organ involvement, treatment of IRIS with GC is needed,
because there is a risk of death or severe disability.17 In
some of these cases, as well as the present case, the patients
showed decreased JC virus DNA levels in the CSF.18 Therefore, JC virus DNA levels in the CSF may be an indicator of
therapeutic effect. Although treatment with mefloquine and
mirtazapine saved our patient’s life, it is very disappointing
that severe physical impediments remained. It is conceivable
that the risk of PML onset could be increased due to the
combination therapy with RTX and MMF.

Conclusion
It was concluded that careful attention should be paid to
the onset of PML when using the combination therapy with
RTX and MMF, especially in patients with SLE. When PML
develops, it may be worth trying treatment with mefloquine
and mirtazapine.
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