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ABSTRACT

Marburg variant is a severe and fulminant
pseudotumor form of multiple sclerosis (MS)
with high morbidity and mortality rates.
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Because of its scarcity, it remains incompletely
characterized and physicians’ experiences will
influence the treatment. We report the inflam-
matory explosive case of a 31-year-old woman
presenting with rapid neurological degradation
of histology proven Marburg’s disease, success-
fully treated with early administration of
Mitoxantrone (MITX). To our knowledge, it is
the first case describing complete remission
after MITX in a biopsy-proven condition.
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Marburg variant is a very rare, severe, and
fulminant pseudotumor form of multiple
sclerosis (MS) with high morbidity and
mortality rates.

Usual immunosuppressive treatments for
aggressive demyelinating disease, such as
high doses of corticosteroids and
plasmapheresis, do not provide
satisfactory clinical improvement in
Marburg variant of MS.

We report the complete clinical remission
with early administration of
Mitoxantrone in a 31-year-old women
after neuropathological confirmation of
Marburg type.

Early cerebral biopsy to rule out
differential diagnoses of aggressive MS
and prompt administration of
Mitoxantrone could be an effective
diagnostic and therapeutic attitude for the
management of Marburg variant of MS.

INTRODUCTION

Marburg’s variant of multiple sclerosis (MS),
first described by the Austrian neurologist Otto
Marburg in 1905, is a very rare demyelinating
disease that usually leads to severe disability or
death within weeks to months [1]. Only few
cases considered the use of intense immuno-
suppression but none of them reported the
benefit of Mitoxantrone (MITX) with diagnosis
histological confirmation. Indeed, we report the
unique case of a young patient very early trea-
ted with MITX right after the cerebral biopsy
performed because of the vital prognosis
involved. Clinical features, MRI, and neu-
ropathology characteristics are discussed con-
sidering demyelinating pathophysiology and
immunosuppression challenge of a promising
Marburg’s variant effective treatment. Although

no clinical studies have been carried out
because of the scarcity of this very fulminant
disease, we report the complete remission using
MITX while the usual therapies reported have
most often failed.

CASE REPORT

A 31-year-old immunocompetent right-handed
Russian woman with no medical history of
family history of MS presented to the emer-
gency department for sudden dysarthria and
left central facial palsy. She did not report fever
or any symptoms evocative of an active infec-
tion, but she reported a mild SARS-CoV2 infec-
tion 4 months previously; she was not taking
any medication or toxic. During the first 24 h,
she experienced very fast worsening of neuro-
logical symptoms. The first clinical examina-
tions revealed left proportional hemiplegia with
left Babinski sign and complete left anesthesia,
anosognosia with left-sided visuospatial hem-
ineglect, and fluctuating altered consciousness.
Magnetic resonance imaging showed a large
right frontal pseudo-nodular lesion, hyperin-
tense on diffusion and T2-FLAIR sequences,
gadolinium-enhanced, without surrounding
edema (Fig. 1a). Extensive blood analysis did
not support systemic inflammation (normal
white blood cell count, C-reactive protein,
gammaglobulins, and sedimentation rate).
Infectious and immune blood tests including
HIV, viral hepatitis, syphilis, Lyme, herpes
complex viruses, quantiFERON-TB Gold in-tube
assay, anti-nuclear antibodies (Ab), antineu-
trophil cytoplasmic antibodies, cryoglobulins as
well as anti-aquaporin-4 (AQP4) and myelin
oligodendrocyte glycoprotein (MOG) Ab were
all negative. To evaluate the AQP4 IgG and
MOG-ab testing, samples were tested by flow
cytometry based on the use of a stable human
embryonic kidney cell line overexpressing the
M23 isoform of aquaporin-4 performed by a
cell-based assay. Cerebrospinal fluid (CSF)
analysis exhibited a normal white blood cell
count (4/mm?®), 45 mg/dL protein, and 65 mg/
dL glucose (serum 94 mg/dl) without oligo-
clonal bands. Kappa-free light chain index was
slightly elevated (6.6) and CSF cytokine profile
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Fig. 1 Magnetic resonance imaging and biopsy neu-
ropathological findings. a MRI follow-up in sagittal fluid-
attenuated inversion recovery (FLAIR) and axial diffusion
images tracked over time revel a large hyperintense right
frontal lesion with imprecise boundaries extended to the
white matter. b Lymphoid nodule in brain section
(hematoxylin—eosin—saffron HES x200). ¢ Lymphoid
nodules are mostly composed of T lymphocytes (anti-
CD3 immunostaining x200). d Luxol Fast Blue

~0~VOLUME (mm3)

15

MITOXANTRONE DIFFUSION

3 weeks
Mitoxantrone

staining X40 reveals myelin loss in some areas (arrow).
e AntiCD20 immunostaining X200 revealed some B
lymphocytes in lymphoid nodules. f Anti-CD68 immunos-
taining X200 showed numerous positive macrophages.
g Anti-neurofilament immunostaining (x40) showed that
axons are preserved in demyelinated areas (arrow)
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showed an elevated concentration of IL-10
(3.39 pg/mL) and soluble IL2-receptor (156 pg/
mlL) whereas other biomarkers did not support
infection (IL-1B <0.32 pg/mL, IL-6 =4.04 pg/
mlL, INF-a<2.92pg/mL). Attempts to detect
CSF infectious agents, including Gram staining,
culture, and PCR for neurotrophic viruses (in-
cluding SARS-CoV2), were also negative. During
the diagnostic work-up, she received intra-
venous (IV) methylprednisolone 1 g/day for
three consecutive days (3 g in total) associated
with five sessions of plasma exchange without
any clinical modification. Repeated brain MRI
showed significant growth of the frontal lesion
day by day (from 1.6 cm® at day 1 to 9.6 cm* on
day 14) with maintained gadolinium enhance-
ment, the appearance of surrounded edema and
two other inflammatory deep white matter
hyperintensities (Fig. 1a). Despite the combined
IV corticotherapy and plasmapheresis, in the
absence of clinical improvement and to exclude
differential diagnosis, a brain biopsy of the right
frontal lesion was performed at day 14. At this
stage, it was decided to perform a brain biopsy
collegially for two main reasons. First, the
patient showed no sign of clinical improvement
and kept getting worse despite of the adminis-
tration of high doses of corticosteroids and
successively plasmapheresis. And second, and
before deciding to introduce Mitoxantrone in a
young woman of childbearing age, the multi-
disciplinary consultation meeting suggested
excluding differential diagnosis such as intra-
vascular lymphoma in the absence of CSF
anomalies. The pathological analysis of the
brain tissue revealed an active demyelinating
process (Fig. 1d) without any axonal loss
(Fig. 1g), but with an important infiltrate of
polyclonal lymphocytes (mostly T cells)
(Fig. 1b, ¢, e) and macrophages (Fig. 1f). No
tumoral cells were found. Because of the
aggressiveness of demyelinating disease, it was
decided in a multidisciplinary board to start at
day 21 after the diagnosis with IV Mitox-
antrone, 12 mg/mz, associated with a novel IV
pulse steroid therapy for 5 days, relayed to
1 mg/kg/day oral prednisone. At the beginning
of MITX, her Expanded Disability Status Scale
(EDSS) was 8 with altered consciousness. Three
weeks after the first MITX infusion, most of her

neurological deficits improved except for a
slight left brachio-facial sensory deficit (EDSS 2),
and brain MRI showed a five-times decrease of
the frontal lesion (9.6 cm?® before MITX to 1.5
cm?). She was discharged from the hospital, and
steroids were progressively tapered. Two other
MITX infusions (20 mg/dose) were adminis-
tered monthly without any clinical or hemato-
logical side effects. At 6 months, complete
remission was noted (EDSS:1) without cognitive
impairment, and she was able to start an anti-
CD20 maintenance treatment. Written
informed consent to publish was obtained from
the patient included in this study to report the
first case describing complete remission after
MITX in a biopsy-proven condition.

DISCUSSION

Since Otto Marburg’s first description of the MS
variantthatgaveititsnamein 1905, thedifferential
diagnosis of fulminant demyelinating diseases
remains challenging [1]. In our case, Marburg’s
diagnosis was supported by a typical clinical, radi-
ological, and pathological analysis. Although the
details of the pathogenic heterogeneity of the
Marburg type and prototypical MS have not been
clarified, authorshavediscussed the occurrence of
inhibition of neurogenesis blocked in Marburg
type unlike the remyelination observed in the
typical course of MS [2]. Other studies have sug-
gested centralnervoussystem (CNS) vasculitisand
that pathogenic peripheral lymphocytes could
infiltratethe CNSviameningealand parenchymal
vessels that cause perivascular demyelinating
lesions, leading to massive and continuous
inflammatory into the CNS with B-T-cell interac-
tions appearing to play a role in early progression
and severity of the disease [3, 4]. Such a complex
pathophysiology could explain the effectiveness
of MITX in aggressive forms of MS in reducing dis-
ease progression through a variety of different
mechanisms of action, suppressing the prolifera-
tion of T cells, B cells,and macrophages, impairing
antigen presentation and the secretion of proin-
flammatory cytokines, enhancing T-cell suppres-
sor function, inhibiting B-cell function and
antibody production, and, finally, macrophage-
mediated myelin degradation [5]. Even if our
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patient suffered mild COVID-19 infection a few
months before, acute demyelinating
encephalomyelitisdiagnosiswasnotsupportedby
the absence of spine or gray matter involvement,
theappearanceofnewinflammatorywhitematter
hyperintensities under steroid and plasma
exchange therapies, the brain pathology, and the
long time to infection [6]. The brain biopsy exclu-
ded other diagnoses. such as a brain tumor, lym-
phoma, infection, or cerebral vasculitis. Most of
our knowledge about Marburg’s MS variant’s
pathological findings comes from post-mortem
analysis[7,8].Thetypicalhistologicalresultshows
asignificant myelin loss with severe axonal injury
with or without necrosis, associated with macro-
phageandlymphocytecellularinfiltrate[4].Inthis
case, wefound that, evenbeingan aggressive form
of MS, oligoclonal bands and kappa-free light
chainindexwerenotinformativeenoughtoassess
the diagnosis. Moreover, CSF cytokines showed
elevatedIL-10ands-IL2Rwithoutelevation ofIL-6
thatcouldsupportlymphomadiagnosis. Added to
the normal lymphocyte infiltrate, mainly com-
poundedofT-lymphocytes,itcansuggestacrucial
role of the Th1/Treg balance in Marburg’s disease
describedinMSforms[9]. Becauseofitsscarcity,no
randomized controlled trial isavailable to support
treatmentevidence in such fulminant cases. Most
reported patients were treated using I'V steroids or
plasma exchange therapy withoutlong-term effi-
cacy [7-12]. Recent evidence does not support
fingolimod and natalizumab to treat tumefactive
MS, including Marburg’s variant [13]. Only a few
cases have shown long-term response to
immunosuppressants, and some authors have
reported the efficacy of high-dose cyclophos-
phamide and alemtuzumab [14-17]. Unfortu-
nately, the European Medicine Agency has
restricted alemtuzumab use since 2019 because of
severe advisory side effects such as fulminant
hepatitis, severe cardiovascular diseases, and
hemophagocytic lymphohistiocytosis. Since
1997, therapeutic effect of Mitoxantrone in very
aggressive MS has been well documented [18]. To
the best of our knowledge, only three cases have
described the efficacy of MITX in Marburg’s con-
dition[19-21].However,inthesereports,therewas
no neuropathological evidence and the diagnosis
couldhavebeen challenged because ofitsatypical
radiological description [18]. As described

previouslyin a case report of Marburg variant, the
patient had no response to treatment with
methylprednisolone butimproved andrecovered
after treatment with MITX with potent anti-in-
flammatory effects and demonstrated efficacy in
worsening MS, suggesting that it may be an
appropriate agent for the treatment of Marburg
variant MS despite the absence the diagnosis con-
firmation with the neuropathological result of a
cerebral biopsy [22]. In our report, MITX has been
used to allow rapid and necessary immunosup-
pression but cannot be used as a long-term treat-
ment because of its potentially severe
cardiovascular side effects. Moreover, since these
reports, the availability of rituximab oranti-CD20
blocker seems to be the most effective therapeutic
relay after administration of MTX as described in
our study, and highlights the need to have case
seriesreportinglong-term survival toknow which
agentshouldbegiventomaintainremissioninthe
Marburg variant of MS.

CONCLUSION

Our case illustrates that MITX can be one of the
most effective treatment to assess early remis-
sion in the acute phase of aggressive Marburg'’s
MS variant despite high dose of corticosteroids
and plasmapheresis. Our report is the first to
confirm the benefit of MITX supported by
cerebral neuropathological proof of MS Mar-
burg’s variant.
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