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Abstract
Progressive multifocal leukoencephalopathy (PML) is a rapidly progressive, often fatal viral infection of the brain without
a known treatment. Recently, case reports have demonstrated survival from PML with therapies that improve cell-
mediated immunity, including interleukin-7 (IL-7) or the chemokine receptor type 5 (CCR5) antagonist, maraviroc
(MVC). We present the first known case of a patient with PML successfully treated with both IL-7 and MVC. A 63-
year-old woman presented to our center with a 6-month history of progressive left hemiparesis. Extensive laboratory
testing was negative except for a severe CD4 lymphocytopenia (140/μL). Serial brain MRIs done prior to presentation
revealed an enlarging, non-enhancing T2-hyperintense lesion in the right fronto-parietal white matter. PML was confirmed
through detection of the JC virus by PCR in the cerebrospinal fluid and by brain biopsy, and she was started on mirtazapine
and mefloquine. She continued to deteriorate and was then given a course of recombinant IL-7. Though she remained
clinically stable after IL-7 treatment and serum JCV PCR decreased from 1000 copies/mL to a nadir of 238 copies/mL, a
repeat MRI 3 months later showed lesion enlargement. MVC was then initiated. Now, more than 2 years after initial
presentation, she remains stable and serum JCV PCR is undetectable. This case demonstrates successful treatment of PML
in a patient with idiopathic CD4 lymphocytopenia and highlights the potential benefits of IL-7 and MVC in the treatment
of PML. Treatment with IL-7 and MVC led to clinical stability and improvement in JC virus titers.
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Introduction

Case report and timeline

A 63-year-old previously healthy woman presented to our
center with 6 months of progressive left hemiparesis, right-
sided visual field cut, and mood instability. She had been

given a diagnosis of stroke upon initial presentation and
MRI at an outside facility. However, serial brain MRIs re-
vealed an enlarging, non-enhancing, T2-hyperintense lesion
in the right fronto-parietal white matter (Fig. 1a). The diagno-
sis of progressive multifocal leukoencephalopathy (PML) was
confirmed through detection of JC virus (JCV) by PCR in the
cerebrospinal fluid (1100 copies) and by brain biopsy showing
infected oligodendrocytes and demyelination. Extensive lab-
oratory testing on presentation revealed only a severe CD4+
lymphopenia (CD4+ count 140 cells/μL, CD8+ count 209
cells/μL, CD4/CD8 ratio 0.67), and the patient was diagnosed
with idiopathic CD4+ lymphopenia (ICL). She was started on
mirtazapine 30 mg daily and mefloquine (250 mg daily ×
3 days, then 250 mg weekly) soon after diagnosis, but contin-
ued to deteriorate clinically with worsening hemiparesis and
development of cognitive dysfunction. Recombinant interleu-
kin (IL)-7 was obtained for compassionate use from
RevImmune (Paris, France), and a course consisting of three
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consecutive weekly intramuscular doses of 10 μg/kg was ad-
ministered. The patient remained stable after IL-7 treat-
ment; her left-sided hemiparesis and visual field impair-
ment did not improve, but her cognitive dysfunction
returned to baseline. Serum JCV PCR decreased from
1000 copies/mL to a nadir of 238 copies/mL (Fig. 2).
However, repeat MRI 3 months after treatment demonstrat-
ed enlargement of the right frontal lesion and new involve-
ment of the left hemisphere (Fig. 1b). Maraviroc (MVC)
(300 mg BID) was then initiated. CD4+ and CD8+ counts
remained stable during treatment with IL-7 and MVC (Fig.
2c). Repeat MRI 3 months after MVC initiation demon-
strated a decrease in size of the lesion (Fig. 1c). Due to
severe claustrophobia, no further MRIs were performed.
MVC was continued for 9 months and was subsequently
stopped due to patient stability. Now, more than 2 years
after initial presentation, she has remained clinically stable
and serum JCV PCR has been undetectable.

Discussion

PML is a rapidly progressive, often fatal viral infection of the
brain without existing treatment. ICL, diagnosed based on
persistent CD4+ lymphocytopenia in the absence of other eti-
ologies for an immunocompromised state, has been associated
with several cases of PML in the literature, with variable clin-
ical course and outcomes (Delgado-Alvarado et al. 2013).
Stronger early T cell anti-JCV responses are associated with
better prognosis after PML (Gheuens et al. 2011), and recent
efforts in treating the disease have aimed at improving cell-
mediated immunity with agents such as recombinant IL-7 or
the chemokine receptor type 5 (CCR5) antagonist, MVC.

IL-7 is a cytokine with essential roles in early T cell devel-
opment within the thymus, subsequent survival and prolifera-
tion in the periphery, and viral specific immunity (Mackall et
al. 2011). As a principle driver of T cell activation and prolif-
eration, IL-7 may provide benefit in immunocompromised

Fig. 1 MRI images of evolution
of PML in our patient. a Brain
fluid attenuated recovery
(FLAIR) MRI sequence
performed before initiation of any
treatment, demonstrating a large
right frontal white matter lesion
without significant edema or mass
effect. b Brain MRI performed
3 months after initiation of
mefloquine, mirtazapine, and
interleukin-7 demonstrated
enlargement of the right frontal
lesion and new involvement of
the left hemisphere. c Brain MRI
performed 3 months after
initiation of maraviroc
demonstrated a decrease in size of
the white matter lesions
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patients with PML. Recent case reports have demonstrated
successful use of IL-7 in the treatment of ICL-associated
PML (Alstadhaug et al. 2014; Sospedra et al. 2014; Miskin
et al. 2016), as well as in the setting of secondary lymphopenia
(Sosperda et al. 2014; Gasnault et al. 2014), presumably via
augmentation of the anti-JCV cellular response.

MVC, a chemokine receptor type 5 (CCR5) blocker, has
also been suggested to be of benefit in PML, both in the setting
of HIV (Ahuja et al. 2008) and ICL. A recent case series of
three patients (Middel et al. 2015) demonstrated clinical remis-
sion and improvement of CD4+ cell counts in ICL-associated
PML after startingMVC therapy. Themechanism of treatment
remains unclear, though potential therapeutic effects may in-
volve immune response modulation, direct inhibition of JCV
replication, or both. It has been hypothesized that blocking
CCR5 with MVC both promotes CD4+ T cell reconstitution

and decreases excessive entry of immune cells into the infect-
ed brain, allowing for sufficient cellular immunity while at the
same time preventing an excessive destructive response.
While this is the rationale for the use of MVC treatment of
PML-associated immune reconstitution inflammatory syn-
drome (IRIS) (Middel et al. 2015), a controlled study failed
to show benefit in this setting (Sierra-Madero J et al. 2014). An
alternative hypothesis is that CCR5 blockade disables viral
propagation by preventing activation of downstream media-
tors such as nuclear factor of activated T cells 4 (NFAT4) and
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-ĸB), proteins implicated in JCV replication (Middel et al.
2015; Camargo et al. 2009, Spadaro et al. 2013).

Here, we report the first case of successful treatment of
ICL-associated PML with combination IL-7 and MVC thera-
py. Initially started onmirtazapine and mefloquine, our patient
continued to worsen neurologically and soon after received
immunotherapy with recombinant IL-7. IL-7 was well toler-
ated with no adverse events noted. While serum JCV load
decreased after IL-7 treatment and the patient remained clini-
cally stable, a repeat MRI 3 months later demonstrated radio-
logical progression of disease, suggesting insufficient viral
load suppression, and MVC was then initiated. MVC treat-
ment was well tolerated and 3 months after initiation, MRI
showed lesion regression and serum JCV PCR became unde-
tectable. Now, over 2 years after initial presentation, the pa-
tient remains clinically stable without any sign of recurrence
of disease. While studies of AIDS-associated PML have dem-
onstrated spontaneous remission in 7–9% of patients (Berger
et al. 1998; Berger. 2000), prognosis in ICL-associated PML
is unclear (Delgado-Alvarado et al. 2013) and there has been
only one reported case of spontaneous long-term remission
(Rueger et al. 2006). While we cannot know whether our
patient may have achieved remission in the absence of thera-
py, we suspect this is highly unlikely based on the trajectory of
her clinical and radiographic worsening.

This case highlights the potential benefits of using combi-
nation immunological therapy in the treatment of PML. In
contrast to what has been described in prior reports
(Alstadhaug et al. 2014; Sosperda et al., 2014; Miskin et al.
2016), CD4+ and CD8+ counts in our patient remained stable
throughout treatment with IL-7 and MVC, while serum JCV
titers decreased and correlated with response to treatment. The
non-association of CD4+ and CD8+ counts with the serologic
and radiographic course of illness suggests that MVC therapy
has a direct effect on viral replication, an immunomodulatory
effect independent of lymphocyte count, or both.
Concordance of JCV titer with radiographic improvement
suggests that serum JCV titer may represent a useful biomark-
er for treatment response. Future prospective studies of IL-7
and MVC combination therapy for the treatment of ICL-
associated PML are warranted to further support the potential
efficacy of this regimen.

Fig. 2 JC virus copy number and lymphocyte counts upon presentation
and throughout course of treatment. a Timeline of treatment with
mefloquine, mirtazapine, IL-7, and maraviroc. Dashed lines correspond
with timing of MRIs performed throughout disease course. b Serum JC
virus copy number during course of treatment, peaking at day 24 after
presentation and steadily declining thereafter. c T cell lymphocyte counts
stayed stable throughout treatment
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