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Autoimmune encephalitis (AE) is an expanding group of in-
flammatory brain conditions defined by the presence of auto-
antibodies against cell-surface proteins such as neuronal re-
ceptors or synaptic proteins [1]. AE is important to suspect
and diagnose, as early immune therapy appears to improve
outcomes [2]. With this aim, consensus criteria have been
recently proposed to diagnose AE [1]. To date, therapeutic
approaches have borrowed from the treatment of rheumato-
logic and other immune-mediated central nervous system
(CNS) diseases. First-line therapies typically include cortico-
steroid plus intravenous immunoglobulin and/or plasma ex-
change. If patients do not respond to first-line therapy, second-
line therapy with rituximab (a monoclonal antibody targeting
CD20+ B cells) and/or cyclophosphamide should be consid-
ered [3]. Despite this therapeutic pathway, a significant pro-
portion of patients will not respond and continue to have neu-
rologic and cognitive impairments, which can be permanent.
Given the rarity of AE, therapeutic understanding has mostly
derived from retrospective uncontrolled cohort studies, using
modified Rankin scores (mRS) as outcome measures, which
define functional impairments using a simple 0–6 scoring sys-
tem [3]. The outcomes of patients are influenced by the timing
of therapy, and earlier diagnosis and treatment generally im-
prove outcomes [2, 4]. A further confounder is that patients

with anti-N-methyl-D-aspartate receptor encephalitis, the
most common AE, continue to improve for 2 years, and so
short outcome studies will not accurately capture the final
outcomes [3].

When second-line therapy fails or persistent neurologic
problems remain (which occurs in ~20–40% of patients), the
therapeutic options are less clear, and there is a lack of guid-
ance. Options could include further broad-spectrum immune
suppression such as intrathecal methotrexate [5], or more
targeted immune therapy such as monoclonal antibodies
against cytokines/chemokines or cellular targets [6].

The study in this issue of Neurotherapeutics by Lee et al.
[7] describes the use of the monoclonal antibody tocilizumab
[an interleukin (IL)-6 blocker] in patients with AE who have
failed to respond to rituximab and continue to have significant
impairments. In this retrospective institutional cohort study,
carried out over a 3-year period, of 185 patients with
suspected and definite AE, 91 patients had received first-line
therapy and rituximab yet had persistent neurologic deficits 1
month after rituximab. The cohort of 91 patients with AE who
were unresponsive to rituximab was split into 3 groups: pa-
tients who received tocilizumab (n = 30), those who were re-
dosed with rituximab (n = 31), and those who received no
further immune therapy (observational group, n = 30).
Despite the uncontrolled retrospective design, the patients at
study entry were similar in clinical characteristics, duration of
disease, and disease severity (using mRS). A favorable re-
sponse was defined as a reduction of mRS by ≥ 2 mRS points,
or a mRS score ≤ 2 at follow-up. The patients in the toci-
lizumab group did significantly better than the patients in both
the rituximab re-dosing group and observational group, at 1
month, 2 months, and final follow-up [7]. The safety profile of
tocilizumab appeared reasonable, with no reported infusion
reactions, although 3/30 had measurable neutropenia
(<1000/dl) without described complications.
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There are a number of limitations to the study. First, al-
though the cohort fulfilled criteria for Bpossible AE^ [1], only
31/91 patients in the cohort had defined autoantibodies, there-
fore, Bdefinite^ AE, and the majority of the patients had
Bseronegative AE^ (the cohort was therefore heterogenous).
Although this is a relative weakness of the study, this is a
Breal-life^ issue as current testing leaves a diagnosis of
suspected but seronegative AE in a significant proportion of
cases. A further weakness of the study is the relative lack of a
rationale for the use of IL-6 blockade in the patients described
in this report, as this cohort did not have IL-6 measured in
serum or cerebrospinal fluid. IL-6 is a cytokine with pleiotro-
pic effects and has a major role in T- and B-cell inflammatory
cascades. Consequently, IL-6 is elevated in a very broad spec-
trum of CNS inflammation, particularly autoimmune CNS
diseases [8]. Tocilizumab has been used predominantly in
rheumatoid arthritis to induce and maintain remission from
disease. Recently, tocilizumab has been used to treat neuro-
myelitis optica (NMO) [9], an autoimmune CNS disease with
pathogenic antiaquaporin-4 autoantibodies, although the
immunopathogenesis of NMO is complex with pathological
evidence of autoantibody, complement, T cells, B cells, neu-
trophils, and eosinophils [10]. IL-6 is elevated in NMO at-
tacks, is involved in autoantibody production, and is used as
a disease biomarker [11]. By contrast, the literature regarding
IL-6 in AE is small and only now emerging, although some
small studies have shown that IL-6 is elevated in AE [12, 13].
Other cytokines/chemokines such as C-X-C motif chemokine
ligand 13 have also been shown to be elevated, and sustained
elevation of CSF C-X-Cmotif chemokine ligand 13 correlates
with disease severity and failure to improve [14].

Despite these limitations, this study by Lee et al. [7] is
important and provocative, and based on these data, IL-6
blockade should be considered in patients with AE who fail
to respond to rituximab or other second-line therapies.

However, there are a number of questions about toci-
lizumab and its role in the treatment of AE. First, does toci-
lizumab act peripherally only, or centrally within the CNS?
Can tocilizumab cross the blood–brain barrier, and is this im-
portant to the potential effectiveness of tocilizumab?
Tocilizumab has been predominantly used in rheumatoid ar-
thritis to maintain remission, and the speed of action of IL-6
blockade has not been well studied in CNS disease. For an
agent to be a useful acute rescue therapy in AE, the speed of
immune suppression needs to be rapid; reassuringly, the data
by Lee et al. [7] appear to show clinical benefit within a month
of commencing tocilizumab therapy.

This study also provokes a discussion regarding the issue
of Bbroad-spectrum^ versus Btargeted^ immune therapy.
Therapies that target a specific molecule will only work if that
molecule is central to the disease process. In complex acquired
autoimmune diseases, although there are often specific initia-
tors of disease, in established disease one might expect more

complex and diverse involvement of the immune system with
a mixture of Bprimary^ and Bsecondary^ immune activation.
Therefore, targeted therapies, although appealing, may not
always work. Targeting IL6 is relatively appealing in autoim-
mune CNS disease given its established role in CNS inflam-
mation and its pleiotropic stimulatory role [8].

In summary, the study by Lee et al. [7] provides a good
option to clinicians faced with a patient with AE or suspected
AE who is not responding to conventional therapy. Second,
the study emphasizes that if a patient is not improving, it is
important to consider using an agent with a different mecha-
nism of action, rather than re-dosing a drug that appears to be
ineffective. One of the most challenging issues for the treating
clinician is defining the time point of treatment failure, and
when to escalate treatment; Lee et al. [7] defined treatment
failure as an Binadequate clinical response^ with Black of ob-
vious improvement of the most disabling symptoms, based on
the clinician’s opinion^ 1 month after completion of rituximab
[7]. Although this definition is subjective, it is a Breal-life^
definition at the bedside. The use of 1 month as a time point
seems reasonable, as delay is generally considered to result in
worsening outcomes. Defining treatment failure and the need
to escalate treatment remains one of the most challenging
issues in the treatment of AE and should be the focus of future
research.
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