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Abstract

Autoimmune encephalitis represents a potentially treatable immune-mediated condition that is being more frequently recog-
nized. Prompt immunotherapy is a key factor for the management of autoimmune encephalitis. First-line treatments include
intravenous steroids, plasma exchange, and intravenous immunoglobulins, which can be combined in most severe cases.
Rituximab and cyclophosphamide are administered as second-line agents in unresponsive cases. A minority of patients may
still remain refractory, thus representing a major clinical challenge. In these cases, treatment strategies are controversial, and
no guidelines exist. Treatments proposed for refractory autoimmune encephalitis include (1) cytokine-based drugs (such as
tocilizumab, interleukin-2/basiliximab, anakinra, and tofacitinib); (2) plasma cell-depleting agents (such as bortezomib and
daratumumab); and (3) treatments targeting intrathecal immune cells or their trafficking through the blood-brain barrier
(such as intrathecal methotrexate and natalizumab). The efficacy evidence of these drugs is mostly based on case reports or
small case series, with few reported controlled studies or systematic reviews. The aim of the present review is to summarize
the current evidence and related methodological issues in the use of these drugs for the treatment of refractory autoimmune
encephalitis.

Key Points 1 Introduction

A minority of patients with autoimmune encephalitis In recent years, the advances in the diagnostic assays and
may remain refractory even to second-line therapies and the recognition of novel clinical syndromes have helped to
they represent a major clinical challenge. In these cases, define the new emerging field of autoimmune neurology.
treatment strategies are controversial, and no guidelines Autoimmune encephalitides (AEs) represent a broad spec-
exist. trum of immune-mediated and potentially treatable disorders

that are currently being more frequently recognized. The
underlying pathogenesis of these conditions is related to
the presence of pathogenic antibodies directed against neu-
ronal cell surface antigens or to a T-cell-mediated process
in paraneoplastic disorders associated with non-pathogenic

Treatments proposed for refractory autoimmune enceph-
alitis include cytokine-based drugs, plasma cell-deplet-
ing agents, and treatments targeting intrathecal immune
cells or their trafficking through the blood-brain barrier.

The evidence of efficacy of these treatments is mostly antibodies directed against intracellular targets [1, 2].
based on case reports or small case series, controlled Prompt immunotherapy [3, 4] is the mainstay of AEs
studies and systematic reviews are rare. treatment and includes first-line and second-line medica-

tions. Intravenous steroids [5, 6], intravenous immuno-
globulins [7], and plasma exchange [8] represent first-line
immunotherapies. These treatments may be administered
sequentially or in association, in particular steroids and
plasma exchange/intravenous immunoglobulins, in the case
of rapidly progressive or severe symptoms at onset [9].
Second-line treatment should be subsequently adminis-
tered in the case of no clinical improvement after 2—4 weeks
Neurology Unit, Department of Neuroscience, Biomedicine of first-line immunotherapy [10]. Rituximab and cyclophos-

and Movement Sciences, University of Verona, Policlinico phamide are the most frequently administered treatments. In
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particular, cyclophosphamide is preferred over rituximab in
paraneoplastic disorders, as it depletes T cells, crosses the
blood-brain barrier (BBB), and may be part of the onco-
logical treatment scheme [11]. Antibody specificity also
influences treatment choices, as demonstrated by the dif-
ferent response to rituximab in patients with antibodies to
N-methyl-p-aspartate receptor (anti-NMDAR) [10], Leu-
cine-rich Glioma Inactivated 1 (LGI1) [12—15], or Contac-
tin-associated protein-like 2 (CASPR2) [16].

A minority of patients will not respond to second-line
treatments [4] with consequent high disability and prolonged
admissions to intensive care units. Despite the lack of a
proper definition, these patients are labeled as “refractory”
and the therapeutic approach is still debated [9]. Indeed,
there are no phase III clinical trials for third-line agents and
the evidence mostly relies on small studies or case series/
reports.

Different molecules have been proposed as potential treat-
ments for refractory AEs and include plasma cell-depleting
agents (bortezomib, daratumumab), cytokine-based drugs
(interleukin-2/basiliximab, tocilizumab, anakinra, tofaci-
tinib), and treatments targeting intrathecal immune cells or
their trafficking through the BBB (intrathecal methotrexate,
natalizumab).

The aim of this narrative review is to summarize and dis-
cuss therapeutic options for refractory AEs (data are summa-
rized in Table 1 and Fig. 1). Relevant studies were identified
through a PubMed search (“refractory autoimmune encepha-
litis”) and by cross-referencing all significant results.

2 Cytokine-Based Drugs
2.1 Tocilizumab

Tocilizumab is a humanized monoclonal antibody that
blocks interleukin-6 signal transduction, which has a pivotal
importance in the stimulation of both T and B cells. Toci-
lizumab has been successfully used in neuromyelitis optica
spectrum disorders and, more recently, in patients affected
by myelin oligodendrocyte glycoprotein-associated disor-
der [17]. Similarly, a recent phase III trial has proved the
efficacy of satralizumab, a recycling antibody against inter-
leukin-6, in neuromyelitis optica spectrum disorders [18].
As for AEs, escalation treatment with tocilizumab was
associated with better outcomes in terms of modified rankin
scale (mRS) at every timepoint when compared with control
groups including patients who received rituximab or were
treated with first-line immunotherapies only [19]. This study
included seronegative (n = 60), anti-NMDAR (n = 26),
LGI1 (n = 3), and amphiphysin (rn = 2) positive cases. At
the last follow-up, 60% of patients treated with tocilizumab
had a mRS < 2 in comparison to 22% and 20% of patients
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receiving rituximab or no treatment, respectively. The
authors suggest escalating to tocilizumab within 1 month
from rituximab failure. Side effects were mainly related to
neutropenia (about 10%), which led to drug discontinuation
in one patient, while no infections were reported.

An additional study focused on anti-NMDAR encephalitis
and analyzed the efficacy of the rapid escalation of teratoma
removal, steroids, intravenous immunoglobulins, rituximab,
and tocilizumab (T-SIRT protocol) [20]. Notably, patients
who completed the T-SIRT protocol within 1 month had a
more prominent improvement, and tocilizumab led to more
favorable outcomes in comparison to steroids and intrave-
nous immunoglobulins, steroids, intravenous immunoglobu-
lins, or rituximab. The most common related side effects
were neutropenia and urinary tract infections.

Of note, tocilizumab was associated with a prompt
improvement even after prolonged and severe disease in a
heterogeneous cohort of pediatric patients with immune-
mediated disorders (including autoimmune neuropsychiat-
ric disorders associated with streptococcal infections, rheu-
matic fever associated with encephalopathy, and glutamic
acid decarboxylase-related ataxia with cognitive impair-
ment) [21]. Finally, a prompt and sustained clinical response
accompanied by a reduction in antibody titers was observed
in two patients with CASPR?2 and one patient with glutamic
acid decarboxylase 65-associated encephalitis treated with
tocilizumab as an upfront treatment [22-24].

2.2 Interleukin-2/Basiliximab

Interleukin-2 acts on T-regulatory and effector cells by pro-
moting proper functioning, survival, and differentiation. The
threshold of activation is lower for regulatory cells com-
pared with effector cells, thus low doses of interleukin-2
may selectively affect T-regulatory cells without stimulating
effector cells [25].

A low dose of subcutaneous interleukin-2 has been
reported as a treatment for refractory AEs in a retrospective
study including ten patients (four with anti-NMDAR and
six with seronegative encephalitis) receiving a median of
four treatment cycles [26]. All these patients had already
received rituximab and tocilizumab. Six patients, includ-
ing all anti-NMDAR encephalitides, improved, most of
them after at least two cycles. Side effects rarely occurred
and included fever (rn = 1) and neutropenia responsive to
colony-stimulating factors (n = 1). The potential benefit of
blocking interleukin-2 signaling with a predominant effect
on T-effector cells has been confirmed by the improvement
of a patient with glutamic acid decarboxylase 65-associated
limbic encephalitis after treatment with intravenous basilixi-
mab, a monoclonal antibody directed against the alpha chain
of the interleukin-2 receptor [27].
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2.3 Anakinra

References
[67-69]

Anakinra, an interleukin-1 receptor antagonist, acts by
inhibiting the response to interleukin-1, which has a major

B 5 role in systemic inflammation. This drug, administered
4=t , - [=3 .
= 2328 =38 subcutaneously, has been successfully used for rheumatoid
=] 2 3 B QS 5 s . g . ..
g AR N ;5 arthritis, periodic fevers, and autoinflammatory conditions.
@ Q= 5 & = .. . . . .
) =g £ 2 8 Its administration led to a substantial benefit in a patient
[N — N &1 PN . . . . .y .
k= 2%~ 8, =2 with seronegative limbic encephalitis characterized b
< = I O =
-~ = »v . .
g G E5=8 wiz new-onset refractory status epilepticus. Improvement was
j2) [Z BT S RS = = .
E S|lesEZELE g & noted soon after the last dose of anakinra and progressed
o 2 = 5528 a=
SS &~ © 3 over the next 2 weeks [28]. These results were not con-
- o & firmed in a heterogeneous case series of autoinflammatory
el = = . .
o 2 ! w8 8 g £ =& nervous system disorders, where improvement was noted
& = .2 =] o= 5] . . . . . ..
o S 8= = E Z2° L8883 in patients with an acute disseminated encephalomyelitis-
R=| = s 9 Ss%o% Ed8zT csg . . . .
5 5 8 é- 5= E % ESSES like phenotype but not in one case of seronegative autoim-
= = [ = -5 (ST .. .
=) S Eo o0& = E BERRS] E — 2 mune encephalitis [29, 30]. Notably, anakinra was tested
) S 3 €% 'g = O 55825
w “~ . . . .
S g § § S5z 8 g = s w7 2 in a rodent passive transfer animal model of anti-NMDAR
o |5 OSs8_5E= .. . .. .
2 E 8 E 25 ER: 8 EE2 5 5E encephalitis that developed seizure and cognitive distur-
2B |F282%5 & E 28 29 o . .
a% 5|8 2528 ¢ § £ 8 é EE&S bances [31]. Treated mice experienced a prompt (24-48
2l . . . .
o h after) reduction in seizures, memory improvement, and
% a reduction in the markers of activated microglia and
o . .
g 2 astrogliosis.
2 )
3 g
2 =)
s =
=] ege o
Z g 2.4 Tofacitinib
AN E
Eg|s2 . .
£ 5|8 Janus kinases 1 and 3 regulate the expression of both type
S 38 |E . . . .
<3 |5 I and II interferon, as well as the interleukin family recep-

tors. These kinases are inhibited by tofacitinib, an orally
administered drug that is able to penetrate the BBB.

The efficacy of tofacitinib has been evaluated in a case
series [32] that included eight patients (anti-NMDAR
encephalitis n = 2, glutamic acid decarboxylase 65 n =1,
myelin oligodendrocyte glycoprotein-associated disorder
n =1, seronegative n = 4). All patients received rituximab
and some cases also tocilizumab, infliximab (a monoclonal
antibody targeting tumor necrosis factor), or interleukin-2
previously.

=1

Cohort of treated patients
(blocks diapedesis through ~ Anti-Hu encephalitis (n = 5)

Monoclonal antibody against Anti-GFAP encephalitis (n

CASPR?2 Contactin-associated protein-like 2, CD cluster of differentiation, ECG electrocardiogram, GAD-65 glutamic acid decarboxylase 65-kilodalton isoform, GFAP glial fibrillary acid pro-
tein, HBV hepatitis B virus, JAK Janus kinase, LG/ Leucine-rich Glioma Inactivated 1, MOGAD myelin oligodendrocyte glycoprotein-associated disorder, NMDAR N-methyl-p-aspartate recep-

- = j;_’ A good response was observed in two patients (com-
g Eﬂ —‘f plete resolution of refractory meningoencephalitis with a
f‘: Eg8 significant reduction in both mRS and Clinical Assess-
; f;“ i ment Scale in Autoimmune Encephalitis score; cessation
§ § _‘% of new-onset refractory status epilepticus associated with
§ 252 myelin oligodendrocyte glycoprotein antibodies), a par-
= tial response with no further disease progression in three
cases, and an unclear response in three cases. The cytokine
) profile did not differ according to the treatment response.
E Side effects were uncommon and included mild nau-
g 5 e sea and neutropenia. In previous studies, demyelinating
: 8 E lesions have been reported as a side effect of tofacitinib
2|2 |3 ] [33].
ele 1z 8
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Fig. 1 Mechanisms of action of therapeutic options applied to refrac-
tory autoimmune encephalitis. These drugs may be classified as
plasma cell-depleting agents (in red), cytokine-based drugs (in black),
and treatments targeting intrathecal immune cells or their trafficking
through the blood-brain barrier (in orange). The lines depicted in the
figure, as well as the description in italics, indicate the molecular and

3 Plasma Cell-Depleting Agents
3.1 Bortezomib

The 26S proteasome inhibitor bortezomib represents a main-
stay in the treatment of multiple myeloma as it disrupts the
survival of long-lived plasma cells [34]. The rationale of
employing bortezomib in immune-mediated disorders is
that plasma cells are relatively unaffected by rituximab, as
they do not express CD20, and thus long-lived plasma cells
may continue to secrete pathogenic autoantibodies despite
complete B-cell depletion [35]. Bortezomib has been used
in other autoimmune conditions such as systemic lupus ery-
thematosus [36] and neuromyelitis optica spectrum disorders
[19]. Bortezomib may be administered either intravenously
or subcutaneously.

As for AEs, treatment with bortezomib has been nearly
exclusively reported in patients with anti-NMDAR enceph-
alitis, in particular, in cases with severe disability who

Dihydrofolate
reductase

Blood-brain
barrier

OOO Low-dose
@ Interleukin-2

Anakinra ! T regulatory lymphocytes

v

’

JAK
Tofacitinib

IL-1 receptor on
T effector lymphocytes

IL-2 receptor

cellular target of each treatment. Dashed lines indicate that the drug
affects peripheral immune cells, whilst solid lines indicate that treat-
ment affects intrathecal immune cells or their trafficking across the
blood-brain barrier. CD cluster of differentiation, /L interleukin, JAK
Janus kinase

required a prolonged intensive care unit stay at the time of
treatment administration, and in one patient with CASPR2
encephalitis, unsuccessfully treated with three cycles [38,
39]. In the reported single cases or small case series, bort-
ezomib was used after failure of conventional or unconven-
tional treatments such as cyclophosphamide, rituximab,
interleukin-2, or tocilizumab [39-52]. As expected, bort-
ezomib has been shown to deplete antibody-secreting cells
that were not susceptible to rituximab [52].

Although most of these studies report the efficacy of
bortezomib, one prospective study [51] failed to demon-
strate the influence of bortezomib on disease course when
compared to a control untreated historical cohort. This
could be partially explained by the lack of proper BBB
penetration by bortezomib, also most of these patients had
high-titer cerebrospinal fluid (CSF) anti-NMDAR antibod-
ies, which are also considered a poor prognostic factor.
According to a systematic review, improvement can occur
in 55.2% of patients after a median of two (one to six)
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bortezomib cycles. Of note, outcome is not influenced by
a paraneoplastic origin but is affected by lower CSF anti-
NMDAR onset titers and by the decrease of serum titers
after treatment [53].

Side effects occur in 37.9% of patients, more commonly
in cases with unfavorable outcomes at the last follow-up.
Hematological side effects were the most frequent, fol-
lowed by infectious and gastrointestinal side effects. A
single case with reversible neuropathy has also been
described [53].

3.2 Daratumumab

Daratumumab is a monoclonal antibody directed against
CD38, which is also used in the setting of multiple mye-
loma [54]. The expression of CD38 in both plasma cells
and T cells widens the potential benefit of daratumumab in
comparison to other plasma cell-depleting drugs. Moreover,
daratumumab may be able to penetrate the BBB [55].

Intravenous administration of daratumumab has been
reported in individual case reports, including one patient
with CASPR2 [38] and two patients with anti-NMDAR
encephalitis [56, 57]. Even though partial improvement
was noticed, one patient remained severely disabled [56]
and another improved slowly, reaching the nadir of disability
18 months after treatment [57]. Of note, one patient died
of Gram-negative sepsis, highlighting the increased infec-
tion risk [38]. Notably, all treated patients had previously
received multiple immunotherapies, including bortezomib.

An additional retrospective case series of patients with
refractory autoimmune disorders included five patients with
refractory AE of whom one was previously reported (two
with antibodies against CASPR2, one with anti-NMDAR,
two with antibodies against an unknown epitope) [58].
All these patients had previously received rituximab and
one also bortezomib. Treatment with daratumumab led
to a sustained improvement, even though both patients
with CASPR2 encephalitis then deceased. Authors sug-
gest administering six to eight cycles and continuing treat-
ment according to individual responses. Clinical improve-
ment usually occurred within 2—4 weeks but required >2
months in more severe cases. As for side effects, 4/5 patients
reported infections and 1/5 had an increase of C reactive
protein without fever. Moreover, hypogammaglobulinemia
requiring monthly intravenous immunoglobulin administra-
tion may complicate treatment with daratumumab.

In patients with AEs, daratumumab induced a decrease of
serum and CSF antibody titers, as well as a reduction in the
serum neurofilament light chain concentration, suggesting
its efficacy in reducing active axonal loss [20]. Intriguingly,
CD38-positive T and natural killer cells decreased after
treatment, suggesting an effect beyond plasma cell depletion.
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4 Treatments Targeting Intrathecal Inmune
Cells or Their Trafficking Through the BBB

4.1 Intrathecal Methotrexate

Methotrexate inhibits the synthesis of folates, and its
intrathecal administration, leading to a high CSF concen-
tration with minimal systemic toxicity, has a relevant role
in leptomeningeal seeding. Conversely, methotrexate has a
poor penetration in brain parenchymal niches [59], where
immune cells involved in the pathogenesis of autoimmune
encephalitis reside, and the precise mechanism of action
of intrathecal methotrexate remains elusive in this setting.

The efficacy of intrathecal methotrexate has been
reported in individual series and in a pilot study including
mainly patients with refractory anti-NMDAR encephali-
tis [60—64]. Most of the reported patients had a signifi-
cant improvement that occurred early after the infusion
(usually between 2 and 13 days) [60], even though some
patients experienced a delayed improvement [61, 63]. Cer-
ebrospinal fluid antibody titers decreased after treatment,
being the persistence of high titers associated with a lack
of improvement [62]. No major side effects were reported
in those studies, but intrathecal methotrexate is associated
with severe neurotoxicity, which may present with stroke-
like symptoms, seizures, or encephalopathy [65].

4.2 Natalizumab

Natalizumab acts by blocking central nervous system
immune cell trafficking through alpha4betal integrin, and
it is commonly used in multiple sclerosis [66]. The effi-
cacy of natalizumab has been reported in one case with
Hu-associated limbic encephalitis [67] and in one case
with anti-glial fibrillary acid protein antibody meningoen-
cephalitis [68] occurring after exposure to cancer immuno-
therapy (nivolumab and ipilimumab and pembrolizumab,
respectively).

A phase II trial of natalizumab in anti-Hu-associated
paraneoplastic neurological syndromes [69] has been
recently published and included four patients with limbic
encephalitis. Three cycles of natalizumab led to disease
stability in three patients and improvement in one patient.
Overall, natalizumab ameliorated the disease course but
was not superior to other treatments. Even though no cases
were reported in the trial, the risk of progressive multifo-
cal leukoencephalopathy after exposure to natalizumab
should not be underestimated in patients with prior expo-
sure to chemotherapy.
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4.3 Ongoing Clinical Trials

Clinical trials related to the use of immunosuppressants in
AEs are strikingly lacking and, as previously mentioned,
evidence relies mainly on uncontrolled series. Even though,
a randomized clinical trial on intravenous immunoglobulins
administration in LGI1/CASPR?2 patients has been recently
published, the small sample size represents a major lim-
iting factor in AEs trials [7, 70]. Regarding second-line
therapies, the EXTINGUISH trial (NCT04372615) [71]
is a phase II study that will assess the efficacy of inebili-
zumab, an anti-CD19 monoclonal antibody, in anti-NMDAR
encephalitis. Inebilizumab can deplete CD19-positive,
CD20-negative plasma blast and plasma cells, showing some
potential advantages over rituximab. Moreover, a phase 11
trial (NCT04875975) of anti-neonatal Fc receptor rozano-
lixizumab is currently enrolling patients with LGI1 encepha-
litis with no prior exposure to immunosuppressants.

Finally, a multicenter randomized trial including adult
patients with antibody-mediated AE unresponsive to rituxi-
mab is currently enrolling patients to assess the efficacy of
bortezomib (NCT03993262) [72].

5 Discussion

The evidence of treatment efficacy in refractory AE is
still largely anecdotical and many questions remain still
unsolved. Some major potential limitations and biases in
the interpretation of these studies must be mentioned.

The first and most notable is that most of these studies
include small series or individual case reports, and prospec-
tive or controlled studies are rare. The heterogeneity in terms
of clinical syndromes, antibody specificity (i.e., most of the
patients treated with tocilizumab and nearly all patients
who received bortezomib were affected by anti-NMDAR
encephalitis; one patient after tofacitinib treatment was
affected by myelin oligodendrocyte glycoprotein-associated
disorder, which differs from other AEs in terms of patho-
genesis), previous treatments, follow-up duration, and treat-
ment regimens (administration route, number of cycles) also
hinders the proper evaluation of treatment efficacy and the
comparison among different third-line therapies. Moreover,
most of these studies used mRS as a reported main outcome,
rather than other disease-severity scales, such as the Clinical
Assessment Scale in Autoimmune Encephalitis score [73],
which may be more sensitive to detect subtle improvements
in severely affected patients.

Another limitation is that clinical improvement, in some
patients, might reflect the expected natural disease course
rather than treatment response, as a delayed improvement
may be seen in patients with severe AE (particularly in those
with anti-NMDAR antibodies) regardless of treatments [74].

However, some cases showed a dramatic response tempo-
rally related to third-line treatments [40, 43, 60].

The lack of a proper control group in most of the studies
performed, which are composed mainly of uncontrolled case
reports/series, represents another relevant limitation, which
makes it impossible to distinguish a spontaneous improve-
ment versus a treatment response. Moreover, when control
groups were included, some relevant biases were introduced,
such as being an historical cohort [51] or including patients
not escalating to second-line therapies, possibly indicative
of a less severe disease course [19].

Moreover, reporting biases (i.e., reporting only patients
who improve with a specific third-line therapy) represents a
major issue when dealing predominantly with case reports or
series and, finally, most of these studies have a short follow-
up duration after third-line treatments. The lack of a proper
follow-up is extremely relevant (a) to properly determine a
disease prognosis, (b) to identify a relapsing course, and (c)
to guide long-term management. Indeed, there are currently
few data regarding long-term immunotherapy and treatment
de-escalation in patients with refractory AEs [53, 75].

Taking into account all these factors, tocilizumab and
bortezomib seem to have the most compelling, even though
limited, evidence of efficacy based on prospective and ret-
rospectively controlled studies [9]. Of note, the administra-
tion of tocilizumab was constantly associated with a clinical
improvement in different studies, whereas a negative-result
study [51] and the incapability of crossing the BBB, which is
relevant for these conditions often associated with intrathe-
cal antibodies, pose some concerns regarding the efficacy of
bortezomib. Moreover, treatment with bortezomib has been
reported mostly in patients with anti-NMDAR encephalitis,
whilst tocilizumab has been successfully applied in sporadic
cases with different autoantibodies. Data regarding a direct
comparison between the two treatments are not available
yet, thus the choice should be tailored to each individual
patient. Escalation therapy should be performed as soon as
possible, within 1 month according to studies performed
using tocilizumab [19, 20], although an improvement may be
seen even in the case of a late escalation to third-line thera-
pies [39]. Side effects of these two drugs are predominantly
of hematological or infectious origin and should always be
considered, especially in patients receiving multiple immu-
nosuppressants with different mechanisms of action in a
relatively short period of time.

The efficacy evidence of the remaining treatments herein
reviewed is still extremely limited, although promising, in
particular for those drugs acting on the intrathecal immune
response (such as intrathecal methotrexate, tofacitinib,
and possibly daratumumab), which may be implied in the
refractoriness of these conditions and may be unaffected
by some second-line or third-line therapies. These medi-
cations should be considered only after tocilizumab and/or
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bortezomib failure as (a) some patients did not improve after
tocilizumab/bortezomib, but improved after daratumumab
[56-58] or tofacitinib [32], (b) the evidence of efficacy of
these drugs is mostly anecdotal and, on the contrary, the
effects of bortezomib and tocilizumab rely only on case
reports/series lacking a control group, and (c) these drugs
may be associated with relevant side effects that should not
be overlooked. Among the analyzed treatments, natalizamab
may represent a safe and effective treatment for refractory
T-cell-mediated encephalitides, such as those associated
with cancer immunotherapy or intracellular antibodies
[67-69].

6 Conclusions

Refractory AE poses relevant clinical challenges and the
current evidence of therapeutic options is overall unsatis-
factory, as it is mostly based on case reports/series or a few
controlled studies with relevant biases. To date, tocilizumab
seems to be the most effective option in refractory cases,
whereas bortezomib could be useful, but more evidence is
mandatory. The evidence for other treatments mostly relies
on a small uncontrolled number of cases and no definite
recommendations may be drawn.

Several methodological issues should be taken into
account in further studies, in particular (a) the lack of an
unique definition of refractoriness; (b) the necessity of a
control group with a consistent follow-up to determine treat-
ment efficacy and rule out spontaneous improvement; (c)
the use of dedicated clinical scales, more sensible to evalu-
ate subtle improvements, rather than mRS; (d) the inclusion
of specific clinical phenotypes and antibody specificities in
clinical trials; (e) a consistent evaluation of antibody titers,
in both serum and CSF, to evaluate systemic and intrathe-
cal treatment responses; and (f) the evaluation of potential
biomarkers, such as neurofilament light chain, which may
help in treatment decisions [76].
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