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a b s t r a c t 

Balo’s concentric sclerosis (BCS) is a rare subtype of multiple sclerosis. Advanced MRI met- 

rics, such as magnetization transfer ratio (MTR), fractional anisotropy (FA), mean diffusiv- 

ity (MD), and the ratio of total N-acetylaspartate concentration/total creatine concentration 

(tNAA/tCr) using proton magnetic resonance spectroscopy (1 H-MRS), are commonly used in 

research studies to investigate the effect of a disease modifying therapy (DMT). We report 

a patient diagnosed with BCS, receiving ocrelizumab, and provide a comparison of the le- 

sion volume, T1-gadolinium lesion volume, MTR, FA, MD, and MRS metrics at baseline, 6- 

and 12-month follow-up. There was a reduction in Balo’s lesion volume on fluid-attenuated 

inversion recovery (FLAIR) imaging observed in our patient from baseline (23.925 mL) to 12- 

month follow-up (2.391 mL), with the largest decrease from baseline to 6-month follow-up 

(3.650 mL). There was no T1-gadolinium enhancement seen at month 6 and 12. The MTR 

of the lesion did not change significantly (baseline = 50.9%, 6-month = 49.9%, 12-month 

= 50.1%) but the FA increased from 0.188 (at baseline) to 0.304 (at 6 months), while the 12- 

month follow-up FA was 0.297. We also noted a reduction in MD from baseline (1.333 × 10−3 

mm2 /s) to 6-month follow-up (1.037 × 10−3 mm2 /s), while the 12-month follow-up MD was 

1.086 × 10−3 mm2 /s. There was a 10.3% increase in tNAA/tCr from 1.583 (at month 0) to 1.747 

(at month 12). Our results demonstrate for the first time a direct effect of ocrelizumab on 

BCS lesions. To validate our findings, more observations are needed in a larger group of BCS 

patients. 
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Introduction 

A tumefactive lesion (TL) is a solitary demyelinating tumor-
like lesion greater than 2 cm [1] . TLs are common in multiple
sclerosis (MS) and can often be challenging to distinguish from
brain tumors on neuroimaging because of the similar clini-
cal manifestations [2] . Balo’s concentric sclerosis (BCS), also
known as Balo’s disease, is a TL of the central nervous sys-
tem (CNS) and a rare subtype of MS in which there are large
regions of alternating zones of demyelinated and myelinated
white matter [3] . The age of diagnosis is between 20 and 50
years, and patients generally present with headaches, apha-
sia, cognitive, or behavioral dysfunction, and seizures [4] . Di-
agnosis is based on clinical presentation, exclusion of other
neurologic diseases, and the characteristic concentric rings
on neuroimaging [5] . Clinical differential diagnosis includes
acute disseminated encephalomyelitis, MS, neoplasms, and
abscesses [6] . 

BCS shares a basic pathologic similarity to MS, except for
a lamellar pattern [7] . The remarkable concentric pattern of
demyelination, otherwise commonly referred to as the ‘onion
peel’ appearance, has produced much speculation about its
pathogenesis [8] . The exact reason for BCS lesion formation is
not clear. It is hypothesized that the lesions begin at the cen-
tral core and the primary demyelinating activity spreads from
this focus, with a centrifugally spreading band of lymphocytes
originating from this initial site [9] . 

Initially believed to have a fatal outcome, recent studies
have reported nonfatal forms of BCS, emphasizing the role
of early diagnosis using various magnetic resonance imaging
(MRI) metrics. Among the several advanced imaging modali-
ties used in the diagnosis of MS and hence BCS, magnetization
transfer imaging (MTI), characterized by magnetization trans-
fer ratio (MTR), diffusion tensor imaging (DTI), among which
fractional anisotropy (FA) and mean diffusivity (MD) are the
most used parameters, and the ratio of total N-acetylaspartate
concentration/total creatine concentration (tNAA/tCr) using
proton magnetic resonance spectroscopy (1 H-MRS) provide
a more distinct multidimensional approach to quantifying
these pathological processes in the CNS. 

Advances in MRI have led to the precise diagnosis of BCS.
Concentric rings on T2-weighted and contrast-enhanced T1-
weighted images are seen on MRI in patients with BCS [10] .
T2-weighted MRI scans may reveal a unique pattern of hypo-
/isointense and hyperintense rings corresponding to bands
of preserved and destroyed myelin [11] . High signal intensity
is often seen at the edge of the Balo’s lesion on diffusion-
weighted imaging. Gadolinium enhancement is commonly
seen peripherally, however, sometimes multiple layers may
show enhancement, corresponding to layers of T2 hyperinten-
sity [12] . These Balo lesions may be either multiple or singular
at disease onset.[13] . 

Ocrelizumab (Ocrevus) is an anti-CD-20 monoclonal anti-
body that depletes circulating immature and mature B cells
but spares the CD-20 negative plasma cells [14] . Although
there are reports of advanced imaging metrics in BCS, there
are no reports of the effect of ocrelizumab on MTR and DTI
parameters (FA and MD) on Balo’s lesions. Here we report a
patient diagnosed with BCS, receiving ocrelizumab, and com-
pare the tumor volumes, T1-gadolinium tumor volume, MTR,
FA, and MD at baseline, 6- and 12-month follow-up. 

Case presentation 

A 40-year-old woman presented with left eye visual loss. On
neurological examination, she was found to have a left affer-
ent pupillary defect, pain with extraocular movements, and
only light perception in her left eye. Four years ago, she expe-
rienced slurred speech that persisted for 2 weeks, treated with
IV steroids, and recovered. However, no official diagnosis was
made and the patient was lost to follow-up. During her current
presentation, she received a 5-day course of solumedrol 1000
mg twice daily. A lumbar puncture was performed and showed
cerebrospinal fluid (CSF) oligoclonal bands of 12 and serum
oligoclonal bands of 2 as well as CSF IgG index level of 0.97.
An MRI of her brain showing 3 T2 FLAIR hyperintense, nonen-
hancing, ovoid lesions, in the supratentorial white matter, the
largest on the right frontoparietal lobe measuring 13 mm in
length, one in the left frontoparietal corona radiata and one
in the selenium of the left corpus collosum. Additional labo-
ratory data including antinuclear antibody (ANA), extractable
nuclear antigen antibody (ENA), anti-double stranded deoxyri-
bonucleic acid antibody (dsDNA), neuromyelitis optica (NMO)
antibody, serum protein electrophoresis, syphilis enzyme im-
munoassay (EIA), and Lyme antibody were negative. The pa-
tient was diagnosed with relapsing-remitting MS and was
started on Glatiramer acetate injections. 

Two months later, the patient’s vision showed slight im-
provement from light perception to 20/800. Two years later,
her MRI was unchanged and she was switched to dimethylfu-
marate as she was having injection fatigue. However, during
the COVID pandemic, the patient stated that she no longer
had insurance and was off disease-modifying therapy at that
time. 

Three years after her diagnosis, she developed new onset
right-hand weakness, slurred speech, urinary frequency, and
urgency, and was seen at urgent care where she was given a
5-day course of oral steroids, with no improvement. The pa-
tient then resumed care in the clinic and was treated with a
5-day course of intravenous solumedrol with significant im-
provement in right-hand weakness and dysarthria. A 3T MRI
demonstrated a T2 FLAIR enhancing 35.5 x 38.2 mm tumefac-
tive left frontoparietal lesion and redemonstration of 13 mm
right frontoparietal lesion. Her baseline MTR was 50.8%, MD
was 1.33 × 10-3 mm2 /s, and FA was 0.18. A decision to start
her on ocrelizumab was made. 

The patient received the first split dose and a 6-month
maintenance therapy followed by a repeat MRI showing a sig-
nificant reduction in the size of the right lesion to 12.6 × 7.5
mm and left lesion to 5.7 × 9.1 mm. A repeat MRI was ob-
tained in a year, before the administration of her 12-month
infusion; it showed a slight enlargement of the right lesion to
12.1 × 10.2 mm and left lesion to 14 × 9.2 mm. There was a fa-
vorable effect of ocrelizumab on the lesion MTR that increased
from 49.9% (at 6 months) to 50.1% (at 12 months), as well as
FA that increased from 0.18 (at baseline) to 0.30 (at 6 months).
There was a 10.3% increase in tNAA/tCr from 1.583 (at month
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Fig. 1 – Axial view of T2 FLAIR sequence with presence of tumefactive lesion (red arrow) at month 0 (Panel A), month 6 
(Panel B), month 12 (Panel C). 

Table 1 – Tumefactive lesion volume and its associated metrics in the patient 

Patient visit Lesion Volume 
on FLAIR (mL) 

Lesion Volume on 
T1-gadolinium (mL) 

FA in lesion MD in lesion 
(x10−3 mm2 /s) 

MTR (%) 
in lesion 

Mean NAA + NAAG/Cr 
+ PCr 

Month 0 23.925 8.233 0.188 1.333 50.885 1.583 
Month 6 3.650 0.000 0.304 1.037 49.938 1.706 
Month 12 2.391 0.000 0.297 1.086 50.130 1.747 

Cr, creatine, FA, fractional anisotropy, FLAIR, fluid-attenuated inversion recovery, MD, mean diffusivity, MTR, magnetization transfer ratio, NAA, 
N-acetylaspartate, NAAG, N-acetylaspartylglutamate, PCr, phosphocreatine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0) to 1.747 (at month 12). At the 12-month examination, the
patient demonstrated a chronic finding of 20/800 vision in her
left eye but no other residual neurological symptoms. She re-
ported improved fatigue, no new or worsening symptoms, no
relapses, and no infusion side effects. 

The MRI images and metrics for the patient visits at
months 0, 6, and 12 are summarized in Fig. 1 and Table 1
respectively. 

Discussion 

The findings of this case study align with current literature
on the efficacy of ocrelizumab in the treatment of MS. Ocre-
lizumab, a humanized anti-CD20 monoclonal antibody, has
demonstrated significant efficacy in reducing relapse rates,
disability progression, and lesion activity in patients with re-
lapsing forms of MS and primary progressive MS. 

The pivotal phase III trials, OPERA I and II, demonstrated
a substantial reduction in annualized relapse rates and dis-
ability progression in patients with relapsing-remitting MS
treated with ocrelizumab compared to interferon beta-1a
[ 15 ,16 ]. Additionally, the phase III trial ORATORIO showed
a significant reduction in disability progression in primary
progressive MS patients receiving ocrelizumab compared to
placebo [17] . 

Our patient’s clinical stability aligns with the broader liter-
ature on the favorable safety and tolerability profile of ocre-
lizumab. 
Lindquist et al reported a marked reduction of the MTR
at the lesion core in acute Balo’s lesions and surrounding
rings followed by improvement again over several months [18] .
However, it might be challenging to determine whether the
difference in MTR was solely due to the effect of ocrelizumab
or to the contribution of the pathological evolution of the le-
sion overtime. We also noted a notable increase of FA and a
reduction in MD from baseline to 6-month follow-up, and a
relative stability in M12, a finding not previously described. 

The increase in tNAA/tCr observed in our patient is in-
dicative of potential neuroprotective effects associated with
ocrelizumab treatment. While the literature on the specific
impact of ocrelizumab on spectroscopy outcomes is limited,
studies assessing other disease-modifying therapies, such as
fingolimod, have reported similar positive effects on neuroax-
onal integrity using proton magnetic resonance spectroscopy
[19] . 

The effect of ocrelizumab in reducing the number and vol-
ume of gadolinium-enhancing lesions was remarkably fast in
a phase 2 study [20] . This result is similar to our case report
in which T1-gadolinium lesion volume reduced from 8.23 mL
(at baseline) to 0 mL in the subsequent follow-up visits. In ac-
cordance with a previously described case of BCS of increased
choline from cellular membrane turnover and decreased NAA
from neuronal injury in the MRS, our patient had a low base-
line NAA + NAAG/Cr + PCr that has gradually and consistently
improved at M6 and M12 [21] . 

Furthermore, there was a reduction in Balo’s lesion volume
on FLAIR imaging from baseline to 12-month follow-up, with
the largest decrease from baseline to 6-month follow-up. Sim-
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ilarly, a previous case report reporting an aggressive case of
tumefactive MS, noted an improvement in the patient’s con-
dition and a reduction in the size of the pre-existing tumefac-
tive lesions on MRI after receiving ocrelizumab treatment over
one year [22] . 

The slight lesion enlargement observed at the 12-month
mark in this case is noteworthy and warrants consideration
in the context of existing literature. One possibility is that at
the time of M12 imaging the patient had not received her third
dose of Ocrevus, which was received a week after her MRI
scans took place. Moreover, long-term data from clinical trials
and real-world studies have shown that disease activity can
vary over time, and factors influencing treatment response
and lesion evolution are complex [ 23 ,24 ]. The potential for le-
sion enlargement, as observed in this case, highlights the need
for ongoing monitoring and assessment to better understand
the durability of ocrelizumab’s effects. 

Conclusion 

In conclusion, the findings of this case study contribute to
the growing body of evidence supporting the efficacy of ocre-
lizumab in the treatment of BCS. The observed reduction in
lesion size, improvement in imaging metrics, and positive im-
pact on clinical outcomes align with results from pivotal clin-
ical trials. However, the observed lesion enlargement under-
scores the need for continued research to elucidate factors in-
fluencing treatment response and the long-term stability of
therapeutic effects. 

Patient consent 

Written consent for publication has been obtained from the
patient(s), their next of kin, their legal representative(s), or,
where none of these parties is traceable, that approval to pub-
lish has been given by my organization/institution, its legal
representative and an ethics committee, and in accordance
with local legislation. 
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