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Abstract

Background: Baló’s Concentric Sclerosis (BCS) is a rare heterogeneous demyelinating disease with a variety of
phenotypes on Magnetic Resonance Imaging (MRI). Existing literature lacks data especially on the therapeutic
approach of the disease which we intended to elucidate by means of suggesting a new possible BCS classification
and introducing different therapeutic concepts based on each BCS-subgroup characteristics.

Methods: We present a retrospective study of eight treated patients with BCS-type lesions, emphasizing on MRI
characteristics and differences on therapeutic maneuvers.

Results: Data analysis showed: at disease onset the BCS-type lesion was tumefactive (size ≥2 cm) in 6 patients, with
a mean size of 2.7 cm (± 0.80 SD); a coexistence of MS-like plaques on brain MRI was identified in 7 patients of our
cohort. The mean age was 26.3 years (±7.3 SD) at disease onset and the mean follow-up period was 56.8 months
(range 9–132 months). According to radiological characteristics and response to therapies, we further categorized
them into 3 subgroups: a) Group-1; BCS with or without coexisting nonspecific white matter lesions; poor response
to intravenous methylprednisolone (IVMP); treated with high doses of immunosuppressive agents (4 patients), b)
Group-2; BCS with typical MS lesions; good response to IVMP; treated with MS-disease modifying therapies (2
patients), c) Group-3; BCS with typical MS lesions; poor response to IVMP; treated with rituximab (2 patients).

Conclusions: Our study introduces a new insight regarding the categorization of BCS into three subgroups
depending on radiological features at onset and during the course of the disease, in combination with the
response to different immunotherapies. Immunosuppressive agents such as cyclophosphamide are usually effective
in BCS. However, therapeutic alternatives like anti-CD20 monoclonal antibodies or more classical disease-modifying
MS therapies can be considered when BCS has also mixed lesions similar to MS. Future studies with a larger sample
size are necessary to further establish these findings, thus leading to better treatment algorithms and improved
clinical outcomes.
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Background
Baló’s concentric sclerosis (BCS) is a rare demyelinat-
ing disease, histopathologically characterized by large
concentric lesions with circumferential rings of myelin
loss alternating with rings of myelin preservation.
BCS along with tumefactive Multiple Sclerosis (MS),
Marburg and Schilder disease are considered types of
fulminant demyelinating disorders of the central ner-
vous system (CNS) [1]. BCS lesions have been consid-
ered to be a variant of pattern III of MS [2, 3].
Another hypothesis about BCS neuropathology is tis-
sue preconditioning and hypoxia-like injury [4]. The
hallmark of BCS on Magnetic Resonance Imaging
(MRI) is alternating bands of different signal inten-
sities on T2WI, alternating iso/hypointense and hy-
perintense signal, which resemble a “whirlpool” of
concentric rings (“tree trunk” or “onion bulb” appear-
ance) [5, 6]. Other typical radiological features include
enhancement of the active layers of demyelination on
contrast-enhanced T1-weighted images and diffusion
restriction usually in the outermost rings on DWI [7].
These imaging findings are useful in the differential
diagnosis of BCS from other tumefactive or atypical
CNS lesions e.g. neoplasms, vasculitis [8]; advanced
MRI techniques such as Magnetic Resonance Spec-
troscopy, Diffusion Tensor Imaging and Arterial Spin
Labeling can also be applied in order to differentiate
BCS from CNS neoplasms [9–12]. However, in
addition to the typical BCS mass lesion on MRI,
other MS-like plaques can also coexist [13]. We
present a study of eight patients with a BCS-type le-
sion at onset, describing clinical, MRI and therapeutic
parameters of the disease. Our analysis suggests dis-
tinct BCS subgroups with different responses to
treatment.

Methods
We conducted a retrospective study of eight treated pa-
tients with BCS that were diagnosed in the Demyelinat-
ing Diseases Unit at Eginition Hospital, Athens, Greece,
from 2009 to the present. Diagnosis was based on clin-
ical presentation, radiological features and exclusion of
other disease mimics. All patients had a brain lesion
with BCS-type characteristics (hyperintense-isointense-
hypointense concentric rings on T2-weighted/FLAIR im-
ages) at symptom onset [5, 14]. The main measures con-
sidered were: 1) symptoms at onset, 2) size and
gadolinium enhancement pattern of BCS-type lesion at
onset and after treatment on MRI, 3) co-existence of
MS-like plaques, 4) CSF oligoclonal band (OCB) pres-
ence, 5) clinical relapse, 6) long-term clinical response to
treatment. Informed consent was obtained by all patients
and approval had been obtained from the ethics com-
mittee of Eginition Hospital.

Case series
Case 1
A 24-year-old man presented with right-sided hemipar-
esis and hemianaesthesia; a tumefactive lesion (2.8 ×
2.5 × 2.5 cm) with “onion bulb” appearance on FLAIR
images and partial contrast enhancement (Gd+) of the
outermost layer (Fig. 1a-b) of the left corona radiata and
3 periventricular non-enhancing (Gd-) lesions were de-
tected on MRI. CSF analysis showed OCB presence.
Intravenous methylprednisolone (IVMP) was adminis-
tered with poor clinical response and subsequently, he
underwent seven plasmapheresis sessions (PLEX) with
MRI activity deterioration. After 6 cyclophosphamide
pulses (800 mg/m2/pulse) a remarkable clinical outcome
was observed; follow-up MRI (15 months from symptom
onset) showed residual ill-defined concentric morph-
ology of the BCS-type lesion (1.7 × 1.4 × 1 cm) and no
Gd + (Fig. 1c-d). A significant decrease in size of the
BCS lesion and 3 new T2-weighted hyperintense small
lesions were observed during a 5-year-follow-up MRI
(Fig. 1e-f) and the patient was started on glatiramer acet-
ate over the last year (Table 1).

Case 2
A 30-year-old woman, experienced dysarthria, left facial
droop and left-hand dexterity problems for four days.
MRI revealed a mass lesion (3.6 × 3.2 × 2.7 cm), with a
concentric pattern, involving the right centrum semio-
vale with peripheral ring-like Gd + at outer layer (Sup-
plementary Figures 1A-C). CSF studies demonstrated
presence of OCBs. The patient was initially treated with
8 g of IVMP with poor response and subsequently with
monthly IV pulses of cyclophosphamide (800 mg/m2/
pulse) for 6 months with substantial clinical improve-
ment. Three months after the last cyclophosphamide
course the BCS-type lesion was significantly reduced in
size (1.2 × 1.9 × 2 cm) (Supplementary Figures 1D-F)
while the concentric MRI pattern almost disappeared;
no further disease activity was observed on 25-month
follow-up (Table 1).

Case 3
A 41-year old male acutely developed Wernicke’s apha-
sia and right-sided hemianaesthesia due to a concentric
lesion (2.6 × 1.8 × 1.2 cm), with an almost complete per-
ipheral ring-like Gd + at outer two layers, involving the
left corona radiata and the adjacent frontal subcortical
white matter (Supplementary Figures 2A-C). MS-like
white matter lesions were also present (Supplementary
Figure 2D). After 12 g of IVMP and subsequently four
doses of IV mitoxantrone (10 mg/m2/3months) there
was a good clinical and radiological response and he was
subsequently switched to glatiramer acetate. Nine years
later, brain MRI showed a significant decrease in size of

Tzanetakos et al. BMC Neurology          (2020) 20:400 Page 2 of 10



the BCS-like lesion (1.9 × 1.6 × 1 cm) (Supplementary
Figures 2E-F) and insignificant changes of the MS-like
lesion load (Table 1).

Case 4
A 18-year-old female with a history of right retrobulbar
optic neuritis and a second episode of left upper limb
weakness with numbness and gait instability over the
last year, presented with blurred vision. MRI revealed a
tumefactive BCS-type lesion (3.1 × 2.5 × 1 cm), with in-
complete central solid Gd + along with incomplete ring-
like Gd + of the outer two layers in the right centrum
semiovale. In addition, 10 smaller typical MS Gd- lesions
were located supratentorially (Figs. 2a-c). CSF OCBs
were positive. The patient was treated with IVMP (9 g)
with excellent clinical response. Follow-up MRI 2
months later demonstrated a significant reduction in size
of the BCS lesion (1.5 × 8.4 × 1.1 cm) with no Gd + and

effacement of the “onion bulb” pattern (Fig. 2d-e). Gla-
tiramer acetate was initiated and 3months later she had
a relapse with diplopia. Brain MRI demonstrated a small
Gd + lesion, the patient received IVMP and treatment
was switched to natalizumab; there was no MRI or clin-
ical activity 11 months from natalizumab initiation (Fig.
2f) (Table 1).

Case 5
A 18-year-old woman presented with right-sided hemi-
paresis. MRI demonstrated a tumefactive lesion with
“onion bulb” appearance (1.6 × 1.7 × 2 cm) with a periph-
eral complete ring-like Gd + in the left centrum semio-
vale, as well as multiple periventricular Gd- lesions
(Supplementary Figures 3A-C). The patient was treated
with IVMP with good clinical response and for the sub-
sequent 8 years with IFN-beta-1b with no clinical re-
lapse. IFN-beta-1b was discontinued due to pregnancy

Fig. 1 MRI of Case 1 showing BCS-type lesion before and after treatment with cyclophosphamide. Tumefactive BCS-type lesion of the left corona
radiata at symptom onset (A) with partial Gd + of the outermost layer (B arrow). A BCS-type lesion with residual ill-defined concentric morphology
(C arrow) and no Gd + (D) 15 months from onset, after 6 pulses of cyclophosphamide. BCS-type lesion 5 years from onset (E arrow, F). a, c: FLAIR
images. b, d: T1-weighted contrast-enhanced images. e: 3D FLAIR image. f: 3D T1-weighted contrast-enhanced image. BCS: Baló’s concentric
sclerosis, Gd+: gadolinium enhancement
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planning but 20-days postpartum she experienced left
hemiparesis; on MRI the concentric pattern was less
conspicuous (Supplementary Figure 3D) and 5 new
Gd + brain lesions (larger lesion of 1.2 × 1.8 × 1.2 cm)
were revealed (Supplementary Figures 3E-F). She re-
ceived IVMP with excellent clinical response and natali-
zumab was initiated with no disease activity during a 15-
month follow-up (Supplementary Figure 3G) (Table 1).

Case 6
A 26-year old man presented with dysarthria for 12-h.
On brain MRI a tumefactive lesion (2 × 2 × 2.3 cm) with
incomplete ring Gd + in the right optic radiation-parietal
lobe (Figs. 3a-d) were detected, along with 30 other
supratentorial demyelinating lesions (14 showing Gd+).
OCBs were absent and he was treated with IVMP.
Follow-up MRI at 2 months demonstrated new brain
Gd + lesions and a BCS-type lesion (3.2 × 3.6 × 2.8 cm)
with incomplete ring Gd + in the right corona radiata
(Fig. 3e-f), whereas cervical spine MRI was normal. Due

to new MRI activity, he received an additional course of
IVMP and then 4-months from disease onset he was
started on rituximab (375 mg/m2 IV once weekly × 4
doses) and subsequent doses (375 mg/m2 IV) once every
6 months. We noticed a significant decrease of both
BCS-type and tumefactive lesion size on 6-months
follow-up (Fig. 3g-h) and no disease activity over the
next 16 months of rituximab treatment (Table 1).

Case 7
A 26-year old woman developed acutely gait instability
and mild left hemiparesis due to a BCS-type lesion
(1.7 × 1.5 × 1.6 cm) in the right centrum semiovale with
peripheral almost complete Gd + at outer layer (Fig. 4a-
b). OCBs were positive and the patient was treated with
IVMP with complete clinical recovery. One month later
a significant increase in size of the concentric lesion
(2.2 × 3.5 × 3.6 cm) was observed with ring-like Gd + at
the outer two layers (Figs. 4c-d), 2 new MS-like lesions
and one spinal lesion at Th6 level were noted (Fig. 4f).

Table 1 Synopsis of clinical, radiologic, laboratory and therapeutic characteristics in 8 patients with BCS

Case Age at
onset
(years)

Sex Symptoms at
BCS onset

BCS-
type
lesion
size
(cm)
at
onset

Pattern of
BCS-type le-
sion Gd+

Coexistence
of brain
MS-like
plaques

Barkof
criteria
fulfillment
at BCS
onset

Spinal cord
lesions
at BCS
onset

CSF

OCBs

Time to
follow-
up from
BCS
onset
(months)

Response
to IVMP

Long-term
Treatment

1 24 M right-sided
hemiparesis and
hemianaesthesia

2.8 Peripheral
Gd + at outer
layer

(+) No (−) (+) 85 poor CYC

2 30 F dysarthria,left
facial palsy, left
hand dexterity
problems

3.6 Peripheral
ring-like
Gd + at outer
layer

(−) No (−) (+) 34 poor CYC

3 41 M Wernicke’s
aphasia and
right-sided
hemianaesthesia

2.6 Peripheral
ring-like
Gd + at outer
two layers

(+) No (−) Not
tested

132 poor 1st MTX
2nd GA

4 18 F blurred vision 3.1 Peripheral
incomplete
ring-like
Gd + at outer
two layers

(+) Yes (−) (+) 16 excellent 1st GA,
2nd NTZ

5 18 F right-sided
hemiparesis

2 Peripheral
ringlike Gd +
at outer layer

(+) Yes (+) Not
tested

127 good 1st IFN-
beta-1b,
2nd NTZ

6 26 M dysarthria 3.6 Peripheral
incomplete
ringlike Gd +
at outer two
layers

(+) Yes (−) (−) 23 poor RTX

7 26 F gait instability,
mild left
hemiparesis

1.7 peripheral
Gd + at outer
layer

(+) No (+) (+) 29 poor RTX

8 27 M left facial nerve
palsy

1.8 partial
ringlike Gd+

(+) No (−) (−) 9 poor CYC

Abbreviations: BCS Baló’s Concentric Sclerosis, F Female, M: Male, Gd+ Gadolinium Enhancement, CSF OCBs Cerebrospinal Fluid Oligoclonal Bands, (+) presence, (−)
absence, MS Multiple Sclerosis, IVMP intravenous methylprednisolone, CYC Cyclophosphamide, MTX Mitoxantrone, RTX Rituximab, GA Glatiramer acetate
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The patient was started on rituximab (375 mg/m2 IV
once weekly × 4 doses) and 4-months later she was
asymptomatic with a remarkable reduction in size of the
BCS-type lesion (1.3 × 1.3 × 1.6 cm) (Fig. 4e). Rituximab
infusions (375mg/m2) once every 6months achieved sus-
tained disease control over the next 15months (Table 1).

Case 8
A 27-year old man presented with left facial nerve palsy.
Brain MRI revealed a BCS-like morphology lesion (1.8 ×
1.1 × 1.6 cm) in the right centrum semiovale with partial
ring-like Gd + and few Gd- lesions in cerebral hemi-
spheres and right cerebellar peduncle (Supplementary
Figures 4A-D). OCBs were absent and the patient was
treated with IVMP (6 g) with clinical recovery in a few
days. However, enlargement of the BCS-type lesion
(2.1 × 1.3 × 1.6 cm) was noticed two months later

(Supplementary Figure 4E), therefore a new IVMP
course was administered (5 g). An insignificant decrease
was observed in size after 4 months (Supplementary
Figures 4F-G) and he was started on monthly cyclo-
phosphamide infusions (800 mg/m2/pulse); there was no
MRI activity or clinical relapse over a 3-month follow-
up period under treatment (Table 1).

Discussion and conclusions
The hallmark pathologic feature of BCS is the concentric
rings of demyelination and myelin reservation, extending
from a central lesion, usually around a venule [15]. It
has been proposed that oxidative stress, hypoxia-induced
tissue injury, chemotactic stimuli, astrocytopathy, loss of
aquaporin-4, oligodendrocytopathy are potential causes
of lesion formation [16]. Biopsies of BCS-type lesions
have shown that the predominant immunopathologic

Fig. 2 MRI of Case 4. Tumefactive BCS-type lesion in the right centrum semiovale (A and B thick arrow) with incomplete central solid Gd + along
with incomplete ring-like Gd + of the outer two layers (C thick arrow) and multiple typical non-enhancing MS lesions supratentorially (A thins
arrows). BCS-type lesion with effacement of the “onion bulb” pattern (D and E thick arrow) 2 months after BCS onset and after corticosteroid
treatment. BCS-type lesion (F thick arrow) at the 7th month of natalizumab treatment and 13th from the onset. a, d: FLAIR images. b, e: T2-
weighted images. c: T1-weighted contrast-enhanced images. f: 3D FLAIR image. BCS: Baló’s concentric sclerosis, Gd+: gadolinium enhancement
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feature is pattern-III demyelination (distal oligodendro-
cytopathy and apoptosis), and there is also preferential
loss of MAG protein and high inducible nitric oxide syn-
thase (iNOS) expression, by macrophages and microglia,
as seen in ischemic stroke [2–4].
BCS has been considered to exhibit a monophasic

severe course or typical Relapsing-Remitting MS
(RRMS) course as well [17, 18]. It is disputable
whether BCS is a distinct demyelinating disorder or
a variant of MS or a subtype of tumefactive demye-
lination [19]. There are overlapping features as well
as distinct pathological and radiological characteris-
tics that suggest the existence of a spectrum among
MS, tumefactive demyelination and BCS [20, 21]. It
has been shown that BCS lesions or tumefactive le-
sions can arise during the clinical course of a typical
RRMS [22].

Herein, we described 8 cases with BCS-type demyelin-
ating lesions in the brain to emphasize the clinical het-
erogeneity and different therapeutic approaches of the
disease. All patients (n = 8) presented at first clinical at-
tack with a large lesion with alternating hyperintense-
hypointense rings in T2WI/ FLAIR sequences; no more
than two hyperintense-rings were observed. In 6 of
them, the BCS-type lesion was tumefactive (size ≥2 cm),
with a mean size of 2.7 cm (± 0.8 SD) with no mass ef-
fect. The assessment of BCS-type lesion topography
showed that all were located in the cerebral white matter
(WM), particularly in the corona radiata or centrum
semiovale, extending to the adjacent subcortical WM
but not to the cortex. In the majority of our cohort
(87.5%, N = 7) we identified the coexistence of MS-like
plaques on brain MRI with the BCS-type lesion at onset,
while spinal lesions were detected in only 1 out of 7 BCS

Fig. 3 MRI of Case 6 showing coexistence of tumefactive and BCS-type lesions. At symptom onset a tumefactive lesion with incomplete ring
Gd + in the right optic radiation-parietal lobe (A and C arrowhead) and multiple lesions (B); 14 with Gd + (D). A BCS-type lesion with incomplete
ring Gd + (E and F thick arrow) in the right corona radiata evolved at a 2-months follow-up. BCS-type (H thick arrow) and tumefactive (G
arrowhead) lesions at month 6 after rituximab initiation, one year from the first clinical episode. a, b, e, g, h: 3D FLAIR images. c, d, f: 3D T1-
weighted contrast-enhanced images. BCS: Baló’s concentric sclerosis, Gd+: gadolinium enhancement
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patients that were examined with spinal MRI. At BCS
onset the mean age was 26.3 years(±7.3 SD) and clinical
symptomatology was either severe e.g. Wernicke’s apha-
sia, hemiparesis, dysarthria or minor e.g. facial nerve
palsy. In our study in 4 out of 6 patients, that underwent
lumbar puncture, OCBs were detected. Mean follow-up
after disease onset was 56.8 months (range 9–132
months).
Regarding therapeutic algorithms in our patient group

in detail: cases 1, 2, 3 and 8 were treated with immuno-
suppression (Group-1; BCS with or without coexisting
nonspecific white matter lesions; poor response to
IVMP; treated with high doses of immunosuppresive
agents). Case-2 had a single BCS-type lesion and case-1
and case-3 had a BCS-type lesion plus a few non-specific
brain lesions (not fulfilling Barkhof criteria) and they
showed a poor response to acute treatment with IVMP

at disease onset. Interestingly, case-1 had MRI activity
deterioration after plasma exchange (PLEX). Therefore,
these 3 patients (cases 1–3) were treated with immuno-
suppression (with cyclophosphamide for cases 1 and 2,
with mitoxantrone for case 3) with remarkable clinical
response and significant reduction of BCS-type lesion
size. Case-8 responded merely to IVMP, thus he was
started on cyclophosphamide with MRI stability over a
3-month follow-up. Case-4 and case-5 (Group-2; BCS
with typical MS lesions; good response to IVMP; treated
with MS-disease modifying therapies) in addition to the
BCS-type lesion had also typical MS lesions (fulfilling
Barkhof criteria), they demonstrated a good outcome to
IVMP at onset, following a RRMS clinical course and
they were started on immunomodulatory treatment: gla-
tiramer acetate and IFN-beta-1a respectively. Both pa-
tients were finally switched to natalizumab; case-4 due

Fig. 4 MRI of Case 7 before and after treatment with rituximab. A BCS-type lesion in the right centrum semiovale (A) with peripheral almost
complete Gd + at outer layer (B arrow) at symptom onset. Follow-up MRI at 1 month, after corticosteroid treatment, showing enlargement of the
BCS-type lesion (C) with Gd + (D arrow) and one lesion at Th6 level (F circle). BCS-type lesion (E) 4 months from the first rituximab course, 5
months from BCS onset. a, c, e: 3D FLAIR images. b, d: 3D T1-weighted contrast-enhanced images. f: STIR image. BCS: Baló’s concentric sclerosis,
Gd+: gadolinium enhancement
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to a clinical relapse on month 3 and case-5 after 8 years
of IFN-beta-1a and severe relapse at the post-partum
period with a significant inflammatory component on
brain MRI. Cases 6 and 7 (Group-3; BCS with typical
MS lesions; poor response to IVMP; treated with rituxi-
mab) were treated with rituximab with a favorable re-
sponse. Case-6 presented with tumefactive lesion along
with typical MS lesions, responded poorly to steroids
and shortly after steroid therapy a new tumefactive BCS-
type lesion developed; the disease was controlled with ri-
tuximab therapy. Case-7 had a BCS-type lesion, with
also MS-like lesions, which increased in size and became
tumefactive after IVMP; she also responded well to ri-
tuximab. During the follow-up period no new BCS-type
lesions were observed and all patients achieved sustained
disease control with no clinical relapses.
Overall, in our cohort, tumefactive BCS-type lesions

can be presented, with or without other white matter le-
sions, and these patients usually respond poorly to ste-
roids but are highly responsive to cyclophosphamide
(Group-1). One could speculate that the inflammatory
microenvironment of MS is absent in these cases and
there is a lack of cross-talk among cell-types dominating
MS pattern-II and -III pathologies. These patients re-
quire high levels of immunosuppression with cyclophos-
phamide for better disease control. Taking into
consideration the role of activated macrophages in the
production of chemical mediators and cytokines that
lead to demyelinating BCS lesions, cyclophosphamide is
considered the only therapeutic strategy able to suppress
this type of inflammation. Supportive of this notion is
the observed disease deterioration after PLEX in one of
our patients from Group-1. In this disease setting, type-
II autoantibody dependent responses with IgG-
deposition are not prominent and thus immediate auto-
antibody depletion cannot limit disease burden.
Our cohort also included patients who presented with

BCS-type lesions along with typical MS lesions (Group-
2) who responded well to steroids and subsequently
were controlled under classical therapies for RRMS (gla-
tiramer acetate, interferon-beta, natalizumab). This
therapeutic result is highly indicative of the existence of
a common pathophysiological mechanism underlying
BCS-lesions and classical MS and supports the role of
humoral responses in maintaining Balo milieu. Mixed
pathologies with both patterns III and II have also been
described in MS [2]. Triggering factors for the develop-
ment of BCS-lesions are elusive, but one could speculate
that there is a crosstalk in the inflammatory microenvir-
onment that gives rise to the rings of demyelination and
relative preservation of myelin.
Finally, we presented patients with BCS-type lesions

along with typical MS lesions (Group-3) who were poor
steroid responders, but eventually treated with

successfully rituximab. These patients followed a clinical
course and treatment-response closer to tumefactive
MS. B-cell depletion therapy was effective in these pa-
tients implying a pivotal role of B cells not only in MS
pathology but also in the orchestration of inflammatory
changes seen in BCS lesions. B-cells apart from produ-
cing autoantibodies have a more complicated role in in-
flammatory response such as being antigen presenting
cells and cytokine producing cells [23]. Until today, there
is no clear pathogenetic role of B-cells contributing to
the recurrent demyelinating bands.
Literature review reveals that there are only case re-

ports for maintenance therapy after induction therapy
with high doses of steroids in BCS. Drugs such as
Interferon beta-1a, Mitoxantrone, Natalizumab and
Fingolimod have been used,however the therapeutic
benefit was more prominent when there were BCS-
MS overlaps. Nevertheless, the follow up of these pa-
tients in clinical cases was narrow [24, 25]. Alemtuzu-
mab treatment was associated with one death, further
strengthening the hypothesis that the humoral re-
sponses are not prominent in BCS lesions, where in-
nate immunity plays a central role with lipid-laden
macrophages and giant multiple nuclei astrocytes pre-
dominating in BCS lesions [26]. The role of PLEX is
controversial. There are reports of patients poorly
treated with corticosteroids, in whom PLEX was a ra-
tional option because it is often considered as rescue
therapy in more typical tumefactive lesions [24, 27].
Nevertheless, our patient deteriorated with PLEX. To
the best of our knowledge, there are no data report-
ing the use of rituximab in BCS.
Our study introduces a new insight regarding the

categorization of BCS into three subgroups depending
on radiological features at onset and during the course
of the disease in combination with the response to dif-
ferent immunotherapies. It is reasonable to consider MS
disease-modifying therapies for BCS disease when a pa-
tient fulfills diagnostic criteria for RRMS. Initially, high
doses of corticosteroids are recommended in these pa-
tients for disease remission. For patients who respond
poorly to steroids, rituximab is effective. On the other
hand, in those patients with solitary masses without evi-
dence of typical MS lesions instigates the need for im-
mediate immunosuppression with cyclophosphamide
after corticosteroids. PLEX in these patients is not sug-
gested due to its failure to control the disease. Finally,
we speculate that BCS is a heterogeneous disease of
which one subgroup shares common features with MS
(OCBs, MS-type lesions, relapses, humoral responses)
while another subgroup is characterized by a different
etiopathogenesis (activated macrophages and astrocytes).
Since we analysed a small patient-group of this rare dis-
ease, definite conclusions regarding BCS classification in
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distinct subgroups cannot be drawn with safety, so fu-
ture studies with a larger sample size are necessary to
further establish these findings, thus leading to better
treatment algorithms and improved clinical outcomes.
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Additional file 1: Supplementary Figure 1. MRI of Case 2 showing
BCS-type lesion before and after treatment with cyclophosphamide.
Supplementary Figure 2. MRI of Case 3 showing BCS-type lesion
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of Case 5. Supplementary Figure 4. MRI of Case 8.
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