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Abstract

Purpose of review—Autoimmune encephalitis (AE) is an increasingly recognized etiology for
neuropsychiatric deficits that are highly responsive to immunotherapy. As a result, rheumatologists
are often called upon to help with the diagnosié' and treatment of these conditions. The purpose of
this review is to provide an update on the pharmacologic treatment of AE.

Recent findings—To date, there are no prospective randomized placebo-controlled trials to
guide treatment recommendations for AE. First-line therapies include corticosteroids, intravenous
immunoglobulin, and plasma exchange. Second-line therapies include rituximab and
cyclophosphamide (CYC), as well as mycophenolate mofetil and azathioprine. For patients
refractory to both first- and second-line therapy, there is emerging evidence for the interleukin-6
(IL-6) inhibitor tocilizumab, the proteasome inhibitor bortezomib, and low-dose 11.-2. Early
treatment initiation and treatment escalation in patients with refractory disease improve outcomes.
Given the delayed time between dosing and treatment effects of second-line agents, continuing
first-line treatment until the patients shows improvement is recommended.

Summary—Although AE can present with dramatic, life-threatening neuropsychiatric deficits,
the potential for recovery with prompt treatment is remarkable. First- and second-line therapies for
AE lead to clinical improvement in the majority of patients, including full recoveries in many.
Early treatment and escalation to second-line therapy in those with refractory disease improves
patient outcomes. Novel treatments including IL-6 blockade and proteasome inhibitors have
shown promising results in patients with refractory disease.
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Introduction

Autoimmune encephalitis (AE) is an increasingly recognized etiology of acute
neuropsychiatric decline in adults and children. The clinical manifestations of AE are broad
and include seizures, movement disorders, behavior and mood changes, psychosis, memory/
cognitive impairment, autonomic dysfunction, and altered level of consciousness [1-3].
Recently proposed diagnostic criteria provide a framework for making a diagnosis of AE

[4]. However, the substantial variability in presenting symptoms, severity, and progression of
disease both within and across subtypes of AE, along with the lack of clear treatment
recommendations, complicates management. Currently, there are no randomized trials for
the treatment of AE and evidence for treatment comes primarily from case reports and
cohort studies.

AE starts as an immune response triggered by infection, neoplasm, or unknown genetic and
environmental triggers, which ultimately results in an autoimmune process targeting the
brain [2, 5]. The immune reaction can be cell mediated, antibody mediated, or both,
resulting in a spectrum of neurologic and psychiatric manifestations. While historically
considered a paraneoplastic condition primarily in adults, the discovery of anti-neuronal
antibodies targeting cell surface receptors has changed the framework and therapeutic
approach of AE. Paraneoplastic AE results from neuronal injury and death due to T cell-
mediated immunity [6]. The associated autoantibodies are not directly pathogenic and there
is minimal reversibility with immunotherapy. In contrast, antibodies that target cell surface
receptors are themselves pathogenic. They bind receptors and directly alter neuronal
function without causing neuronal death [1, 7]. As a result, these conditions are remarkably
sensitive to immunotherapy. It is important to note, however, that a chronically inflamed
brain is more likely to sustain injury and long-term damage, highlighting the importance of
early treatment and prompt escalation of therapy if children are not responding to initial
treatment [8, 9].

Recently published diagnostic criteria for adult AE emphasize recognition of probable AE
and initiation of treatment early to maximize potential recovery [4]. It is agreed in both adult
and pediatric literature that patients treated early have improved outcomes. While work to
modify and validate these diagnostic classifications for pediatric patients is currently in
progress, the conceptual framework of these criteria is helpful to guide when to initiate
treatment. A diagnosis of possible AE is made when patients present with acute to subacute
onset (rapid progression of less than 3 months) of working memory deficits, altered mental
status, or psychiatric symptoms, with at least one additional defined abnormality on
evaluation (Table 1). Subsequent diagnostic criteria are presented for the various AE
subtypes, including definite limbic encephalitis, acute disseminated encephalomyelitis, anti-
NMDA receptor encephalitis, Hashimoto’s encephalopathy, and autoantibody-negative but
probable AE [4]. While there is significant overlap in the presentations of adults and
children, there are also important differences. Pediatric specific diagnostic criteria are
currently in development to account for these differences.

Currently, there are no prospective trials for immunomodulatory treatments for AE. The
majority of the evidence for treatment comes from a few larger retrospective observational
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cohort studies and numerous small case series and case reports [10]. The first neuronal
surface autoantibody reported was anti-N-Methyl-D-aspartate (NMDA) and it is currently
the most prevalent in children [11]. As a result, the most robust data for clinical findings and
treatment recommendations for AE in children are from patients with anti-NMDA receptor
(NMDAR) encephalitis. The principles of treatment of NMDAR encephalitis are considered
by experts in the field to apply more generally to other forms of AE as well. The general
framework for treatment may be divided into first-line, second-line, and maintenance
therapy [12]. First-line therapies include steroids, intravenous immunoglobulin, and plasma
exchange, all of which have a rapid onset of action and relatively low associated risks. If
patients respond promptly to these therapies, the use of prolonged immunosuppressant
therapy, or second-line agents, is not necessarily needed. However, if patients are not
showing improvement or are worsening, escalation to second-line therapy is warranted.
Second-line therapy, including rituximab and cyclophosphamide, are considered higher risk
medications given their longer duration of action and increased immunosuppressive nature.
The timing of when to escalate is not established. For those requiring inpatient care, many
escalate to second-line therapy if the child is not improving within 10~14 days of initiating
first-line therapy [13]. The data for those managed in the outpatient setting is less clear and
likely varies depending on physician assessment of symptom severity and AE subtype. Our
standard practice is to give at least 1 to 2 months to assess response to first-line therapy,
escalating sooner if the patient worsens,

Children with refractory disease may benefit from more novel treatments as well. Expert
opinion in both adults and children is that treatment should be initiated once a diagnosis of
AE is suspected, as autoantibody testing can take weeks to result, and many patients who
meet the clinical criteria for AE will not have a detectable known anti-neuronal antibody.
Given diagnostic criteria for adult anti-neuronal antibody-negative AE was just recently
proposed and no pediatric criteria exist, the percentage of children with seronegative disease
is unknown. In our clinical experience, up to a quarter of the children we care for have
antibody-negative disease. While the identification of novel surface anti-neuronal antibodies
continues to expand, the absence of an autoantibody should not dissuade treatment of
children who meet the clinical diagnosis of AE [2, 11].The purpose of this review is to
report current treatments for pediatric AE, We will highlight the stepwise approach to
immunotherapy (Fig. 1) currently used in practice with a focus on both the physiologic and
practical rationale for selecting various treatment options.

Treatment

First-line

The preponderance of studies to date demonstrates the efficacy of corticosteroids and IVIG,
which are widely considered first-line medications for the treatment of suspected AE.
Plasma exchange is also considered first-line therapy, though many in pediatrics reserve it
for those with more severe disease, such as those requiring ICU level care [12]. Compared
with other agents discussed in this paper, first-line therapies generally have a shorter latency
to effect, proving them more useful in the immediate setting. These medications are often
administered concurrently with or shortly after a thorough workup of the patient once AE is
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suspected, as patients treated earlier in the course of their disease had improved outcomes
compared to those treated later [9]. New recommendations encourage the initiation of first-
line therapy once criteria for probable AE are met, prior to detection of a specific anti-
neuronal antibody [4]. These first-line therapies (Table 2) are broad in their mechanisms of
action and can therefore be utilized empirically. To illustrate this point, children with
antibody-negative AE have similar response to first-line therapies compared with those who
have a confirmed autoantibody [14]. Even children with a “missed” diagnosis who have had
symptoms for months to years can show dramatic responses to immunotherapy. Therefore,
regardless of antibody status or duration of symptoms, once a diagnosis of possible or
definite AE is made, initiating therapy as soon as possible is indicated. While not discussed
in detail in this paper, tumor removal in anti-NMDAR encephalitis and paraneoplastic
diseases is an essential component of treatment [1, 14-16].

Intravenous corticosteroids have long been the mainstay of first-line treatment in patients
with acute exacerbation of a variety of autoimmune diseases. They have numerous effects on
the immune system, including reduced leukocyte trafficking into tissues, reduced production
of inflammatory cytokines, inhibition of interleukin-2, and T cell depletion. They are useful
for CNS-involving disease because they have good penetration into the brain and modulate
the blood-brain barrier. However, their use for AE is largely based on retrospective case
reports in adult patients or extrapolated from data for other neurologic autoimmune diseases.
Steroids do appear to increase the likelihood of good outcomes in patients across the
spectrum of AE [1, 17, 18].

While corticosteroid regimens vary by provider, we generally start with intravenous(TV)
methylprednisolone at 30 mg/kg (maximum dose of 1000 mg) once daily for 3 to 5 days.
Dosing can be repeated depending on response and results of initial evaluation. There are no
clear guidelines on how frequently to give repeat dosing. Our practice varies by severity of
disease and response to steroids. We consider standard dosing of one infusion every 4 weeks
for 3 months in the outpatient setting, but will commonly use dosing every 2 weeks or
weekly in those with more severe disease, such as those requiring ICU-level care. We
typically avoid oral steroid tapers as we find fewer side effects with intermittent IV dosing
compared to prolonged oral steroid use, with reduced complications from mood/behavior
changes, sleep disturbances, hypertension, hyperglycemia, and weight gain. If a patient has a
good response to steroids but is unable to tolerate decreased dosing or extended dosing
intervals, this indicates a more prolonged, ongoing inflammatory state that warrants an
additional agent. However, we recommend additive therapy, such that additional agents are
combined with continued steroids until the disease becomes well controlled. Only once the
patient has demonstrated stability will we decrease the dose of steroids or space the
infusions.

Some patients appear to improve with an initial course of IV corticosteroids (35 daysina
row) but relapse quickly, making it difficult to ascertain whether they were truly steroid
responsive. In patients with either antibody-positive or antibody-negative disease where the
risks vs benefits of escalating immunotherapy are questioned, it is reasonable to stack steroid
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doses, giving weekly infusions (one dose weekly) for 4 weeks to establish if they have
clinical improvement. A similar approach has been used in autoimmune epilepsy to help
establish reversibility with immunotherapy prior to escalating immunotherapy [19]. In
addition, we have used dexamethasone with good effect in rare cases when patients with
severe disease have minimal response to IV methylprednisolone [20, 21].

Intravenous immunoglobulin (IVIG) is commonly given in conjunction with IV
corticosteroids in the acute treatment of AE, although there are reports of its use alone. Its
mechanism of action in suppressing the autoimmune response is broad, impacting both
innate and adaptive immunity. This includes increasing B cell apoptosis and decreasing B
cell proliferation, inhibiting complement activation, neutralizing cytokines, inhibiting
dendritic cell differentiation, modulating regulatory T cells, and improving clearance of the
pathogenic antibody by saturation of the FecRn receptor [22]. There are randomized trials
showing evidence of efficacy of IVIG in non-encephalitic inflammatory neurologic diseases
[23]. However, its use for AE is based on case reports and retrospective case series. Several
retrospective studies in children specifically have shown improvement in functional outcome
with the use of IVIG [2, 14, 24]. A randomized trial in children with encephalitis comparing
IVIG with placebo is now ongoing [25].

While many providers report the administration of 2 g/kg IVIG divided over the course of 5
days, we have found that our pediatric patients tolerate a condensed 2-day administration
quite well. The optimal dosing of IVIG for AE is not known; however, data from Kawasaki
disease suggests higher dose IVIG given over a shorter duration is maximally effective at
reducing inflammation quickly. Given the risks of infusion reactions, aseptic meningitis, and
other complications of high dose IVIG, induction with 2 g/kg is usually given over 2 days,
with monthly maintenance infusions of 1 g/kg over 1 day. Similar to IV steroids, if a patient
is unable to taper off IVIG + steroids by 6 months from initiation, or relapses during this
time, we will add an additional disease-modifying agent.

Plasma exchange/plasmapheresis

Plasma exchange (PE), which involves removal and replacement of host plasma with human
albumin or fresh frozen plasma, can be an effective adjunctive therapy in combination with
steroids and/or IVIG. It is rarely used as monotherapy, but rather in those patients who have
responded incompletely to steroids or IVIG and remain hospitalized [13]. Several
retrospective studies have shown that PE plus steroids provides significant improvement in
modified Rankin scores (mRS) compared with steroids alone [1, 26]. One prospective case
control study showed improvement in mRS score (irrespective of prior immunotherapy) with
both PE. PE appeared more effective for patients with cell surface autoantibodies (NMDA,
LGI1, CASPR, mGluR5) compared with intracellular (Hu, GAD) antigens, consistent with
the differences in disease pathogenesis previously discussed. Additionally, greater efficacy
was seen in younger patients [27]. However, PE is associated with more adverse events
compared with the aforementioned therapies and is therefore not favored as first-line [12].
The most common complications include infection, hypotension, and electrolyte imbalances
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due to fluid shifts. Additionally, PE is more invasive as it necessitates a central catheter in
children, and generally requires at least five sessions to sufficiently remove the offending
antibodies. Protocols differ by institution with some receiving daily PE and others spaced to
2-3 per week. One must also be mindful of using PE shortly after IVIG or rituximab, as it
will effectively remove these therapeutic antibodies. Studies have demonstrated significant
clearance of rituximab if given within 3 days prior to plasmapheresis [28]. Our protocol is to
give at least 5 days between rituximab infusion and the next cycle of plasmapheresis and to
give IVIG once PE is complete, bridging with IV steroids after each PE cycle.

While there are a handful of prospective studies and small randomized trials demonstrating
the efficacy of PE in adults with AE, studies in children are lacking. Because of this and the
potential complications, we rarely utilize PE unless the child is severely affected in an ICU
setting (due to seizures, dysautonomia, or coma), and steroids and IVIG have not been
effective.

- Second-line

Second-line therapy classically consists of rituximab and cyclophosphamide (CYQ), though
oral anti-metabolite agents such as mycophenolate mofetil (MMF) and azathioprine (AZA)
may also be considered. In surveys of neurologists and rheumatologists, European providers
were more likely to treat with oral anti-metabolites than their US counterparts [13]. Current
expert opinion is to start second-line therapy in hospitalized patients if they are not showing
signs of improvement within 10-14 days of first-line therapy [11]. While it is important to
give adequate time for first-line therapy to take effect, one must not delay escalation of
therapy if the patient is not improving. Significantly more patients with NMDAR
encephalitis had a good outcome when treated early compared to those with delayed
escalation of therapy [8, 29].

Given that AE is classically considered an antibody-mediated disease, we will first review
antibody production. B cells are essential to antibody production through their
differentiation into short lived plasma cells, or plasmablasts, and long-lived plasma cells.
Plasmablasts are active, rapidly cycling cells which are the source of early antibody
production and may be the primary cell type responsible for autoantibody production. This
finding helps explain the rapid decline in autoantibody titers compared to overall
immunoglobulin levels or protective anti-microbial antibodies with medications that target
plasmablasts over long-lived plasma cells, such as rituximab. Ongoing autoantibody
production in chronic autoimmune diseases requires continual development of plasmablasts
from B cells, or their progression into long-lived plasma cells [30]. Long-lived plasma cells
develop under the influence of follicular T helper cells in germinal centers [31]. While
plasmablasts are rapidly cycling cells, plasma cells are post-mitotic, having silenced their
cell cycle programming. They are therefore not susceptible to medications targeting the cell
cycle/proliferation. Though these plasma cells have the potential to be long-lived antibody
producers, their survival appears to depend on their microenvironment and continued
stimulation from cytokines and other factors, including interleukin 6 (IL-6) and tumor
necrosis factor (TNF). If the antibody is primarily produced by plasmablasts, one would
expect more susceptibility to medications that target cell division. However, long-lived
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plasma cells will not be as susceptible to these treatments and may preferentially respond to
medications targeting cytokines or factors necessary to maintain plasma cell longevity.

Rituximab

Rituximab is a monoclonal, chimeric anti-CD20 antibody which acts to deplete B cells and
CD20 expressing plasmablasts through both cell-meditated and complement-mediated
cytotoxicity. It is important to note that rituximab does not target plasma cells. Though
rituximab is classically considered a B cell treatment, ongoing studies have demonstrated
more broad anti-inflammatory effects. Rituximab depletes B cells, preventing their
development into antibody-producing plasma cells, and directly depletes plasmablasts [32].
In addition, it reduces production of cytokines that stimulate plasma cells and pro-
inflammatory CD4 and CD8 T cell responses [33].

Rituximab can be used alone or in combination with CYC for those who require second-line
treatment. A large survey of adult neurologists, pediatric neurologists, and pediatric
rheumatologists revealed that the majority agreed with the choice of rituximab alone as
second-line treatment (60% of US responses vs 53% of other countries) [13]. Studies in both
adults and children demonstrate the efficacy of rituximab [20, 34-36]. Several large cohort
studies of pediatric patients with NMDAR encephalitis have highlighted that over half of
children will require second-line therapy with rituximab chosen most often. Overall
outcomes even in children requiring second-line treatments are excellent with the majority
having minimal residual disease [3]. The largest cohort study of NMDAR encephalitis to
date demonstrated that patients who received second-line therapy with rituximab + CYC had
improved outcomes compared to those who did not [2]. While treatment with rituximab has
been suggested to reduce relapse risk, there is insufficient data to make this assessment
currently [36].

Common protocols include either weekly dosing for 4 weeks at 375 mg/m? per dose, or 750
mg/m2 for two doses 2 weeks apart, with a maximum of 1000 mg per dose in both
protocols. We prefer to use the latter in our practice. We also recommend continuing first-
line therapy while waiting for the immunomodulatory effects of rituximab which typically
takes several weeks to months to take effect. The ideal dosing of rituximab has not been
determined. One small study of 10 patients with NMDAR encephalitis used low dose
rituximab (100 mg IV weekly for 4 weeks), resulting in 30% of their patients with a full
recovery, 5 with partial response and 1 who failed to improve [37]. While peripheral
depletion of B cells is seen at lower doses, higher doses and serum levels are needed for
depletion in extravascular sites [38]. Additionally, higher doses are associated with higher
CNS concentrations, though the ideal dosing and necessary CNS concentration for efficacy
are not known. Given the limited CNS bioavailability of rituximab, if the patient has
significant intrathecal antibody production and fails to respond to treatment, other agents
should be considered.

The safety of rituximab in pediatric neurologic disease was reviewed in a study of 144
children with a variety of autoimmune neurologic diseases, including 39 children with
NMDAR encephalitis. Rituximab was found to be well tolerated overall, Infusion reactions
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occurred in 12% but responded to treatment with anti-histamines and steroids. Only one
patient was unable to tolerate re-dosing of rituximab. Eight percent of children developed
serious infections that were at least in part attributed to rituximab, and only one patient had
neutropenia [8]. Progressive multifocal leukoencephalopathy has not been reported in the
NMDAR encephalitis literature in the > 130 patients treated with rituximab alone or in
combination with other immunomodulatory agents [8, 10]. Similar rates of side effects to
rituximab have been reported in pediatric cohorts with NMDAR encephalitis [3].
Additionally, rituximab has been used safely in children with post-herpes simplex NMDAR
encephalitis [39]. Monitoring of blood counts, lymphocyte panel, and immunoglobulins is
necessary as children can develop cytopenias, persistent B cell depletion, and prolonged
hypogammaglobulinemia.

Cyclophosphamide E—

CYC is classified as an alkylating agent with antimitotic and antireplicative effects through
inhibition of DNA synthesis [40, 41]. CYC has broad effects on the immune system,
suppressing cell-mediated and humoral immunity through its actions on T cells and B cells,
but may be less efficacious with long-lived plasma cells [42]. CYC has an advantage in CNS
autoimmunity due to its bioavailability within the CNS. Consequently, it may induce local
immunomodulation and immunosuppression even after the formation of lymphatic tissues in
the CNS, stabilizing the disease and preventing further progression. Evidence of the direct
intrathecal and intracerebral actions of CYC on compartmentalized immune cells was
provided in studies of both multiple sclerosis and in anti-glutamic acid decarboxylase
(GAD) antibody associated epilepsy. In GAD-associated refractory status epilepticus,
treatment with CYC resulted in cessation of seizures and intrathecal production of anti-GAD
antibody [43].

CYC has been reported as part of the treatment armamentarium for anti-NMDAR
encephalitis for a decade [12, 44] and more recently for AE in general [45]. There are no
clinical trials supporting the use of CYC in AE or defining optimal dosing
recommendations. Though CYC is clearly considered a second-line therapy, it is used less
frequently than rituximab in pediatric AE due to its side effect profile [13]. In our practice,
we reserve CYC for refractory disease. Duration of therapy varies from two doses in
conjunction with rituximab, to more chronic therapy from 3 to 24 months depending on
severity and response to treatment. There are numetous potential severe adverse effects
including infertility, infection, and malignancy that likely explain the preference for other
immunomodulatory therapy.

Mycophenolate mofetil and azathioprine

Though rituximab and CYC are the most frequently used second-line agents, oral agents
(MMF or AZA) may have utility as well. Their use is more prevalent in Europe compared to
the USA (15 vs 5%), but there are inadequate data to make conclusions about their efficacy
in AE [10, 13, 36, 46]. In our experience, these medications can be helpful for patients who
have had significant benefits from first-line therapy but are unable to taper IV steroids and/or
IVIG without relapse. Conceptually, they are beneficial in antibody-negative disease where
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the role of antibodies vs cellular immunity is less clear. We preferentially utilize MMF based
on its apparent efficacy over AZA in primary CNS vasculitis [47]. However, in patients who
have been unable to tolerate MMF, we have seen good response to AZA as well, with both
enabling a taper off IVIG and steroids. Additionally, we have used these agents in patients
who respond well to rituximab, but have early B cell repopulation, as a strategy to provide
added coverage.

Tocilizumab

There are also several novel medications for the treatment of refractory AE. Interleukin-6
(IL-6) is a pro-inflammatory cytokine with pleotrophic effects on a broad range of cells
including neutrophils, T cells, B cells, and plasma cells [48]. IL-6 is a key mediator in
plasmablast and plasma cell survival. Plasmablasts produce high levels of IL-6, which is
essential for inducing follicular T helper cells. These in turn are essential for production of
long-lived plasma cells. IL-6 is therefore a key cytokine for the differentiation and survival
of plasma cells [49]. Tocilizumab, an IL-6 inhibitor, was found to be effective for the
treatment of refractory neuromyelitis optica spectrum disorder (NMOSD), and a trial is in
progress [50-52]. A retrospective cohort study in patients meeting criteria for probable AE
who failed to respond to first-line therapy plus at least 4 weeks of rituximab compared
treatment with tocilizumab (8 mg/kg IV monthly) vs repeat rituximab dosing vs no
additional treatment. At all time points, the tocilizumab group had significantly more
patients with a mRS of <2 than the other two groups. By month 2 of tocilizumab treatment,
60% of patients had a mRS of <2, which was similar to the last follow-up time point in the
tocilizumab group and significantly improved compared to the rituximab group at 2 months
(19.4%) and last follow-up (22%) [53]. We have seen remarkable responses in three children
with prolonged disease refractory to steroids, IVIG, rituximab, and anti-metabolites, and
promising results in two others after 1 month. Tocilizumab has been shown to be well
tolerated in children, though adverse effects inctude infusion reactions, infections,
neutropenia, transaminitis, and gastrointestinal perforations. Monitoring of cell counts, liver
enzymes, and lipids is important to prevent toxicity.

Bortezomib

The ubiquitin-proteasome system is important for maintenance of cellular homeostasis by
controlling intracellular protein degradation. Proteasome inhibitors have a broad range of
effects on many cells in the immune system but are particularly potent against plasma cells
[54]. Several proteasome inhibitors are approved, but to date, only bortezomib has been used
to treat AE refractory to first- and second-line therapy. Two case reports have demonstrated
improvements with bortezomib in patients with severe NMDA encephalitis [55, 56]. A
separate case series of five patients with NMDA encephalitis treated with between one and
six doses of bortezomib demonstrated responses from mild improvement in neurocognitive
deficits to complete clinical remission. A partial list of the adverse effects of bortezomib
includes infections, gastrointestinal intolerance, peripheral neuropathies, and cytopenias
[57].
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Interleukin-2

Low doses of interleukin-2 (IL-2) preferentially activate T regulatory cells whereas high
doses preferentially activate CD8+ effector T cells [58]. There is growing interest in using
low-dose IL-2 to treat a wide range of autoimmune diseases including AE [59-61]. Ten
patients were treated with low-dose IL-2 due to treatment-refractory AE [62]. After four
treatment cycles, symptoms improved in 60% and no patients worsened. Adverse effects
included eosinophilia, subclinical hyperthyroidism, neutropenia, GI intolerance, and flu-like
symptoms [62].

Adjunct therapy

In addition to immunotherapy, ongoing symptomatic treatment with anti-epileptic drugs
(AEDs) and psychiatric medications are often necessary to maximize functionality and
minimize suffering. Benzodiazepines, often at high doses, are frequently used early in the
course of disease for agitation, seizures, and catatonia. Catatonia is a prominent feature in
many children with AE and differentiating it from psychosis and avoiding antipsychotic
medications in those cases can avoid precipitating neuroleptic malignant syndrome [1, 63,
64]. In our experience, with careful assessment to differentiate catatonia from psychosis,
antipsychotics can be used safely and effectively to manage psychosis in AE patients,
especially once immunotherapy has been initiated [65]. Recovery is often protracted and
adjusting to both transient and permanent deficits can be challenging. Being proactive with
physical, occupational, and speech therapy along with mental health services can greatly
improve patient outcomes and re-entry into their communities.

Conclusion

There is growing evidence to support first- and second-line therapies for AE but prospective,
randomized, placebo-controlled studies are lacking. Corticosteroids, IVIG, and plasma
exchange are considered first-line therapies. If there is no improvement within 10-14 days
of first-line therapy initiation, escalation to a second-line therapy of rituximab or CYC
should not be delayed. First-line therapy should be continued when escalating to a second-
line therapy. Current practice for pediatric patients shows a preference for rituximab over
CYC due to a better side effect profile. There is growing evidence for novel agents including
tocilizumab and bortezomib for treatment-refractory disease.
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Fig. 1.
Prgobable autoimmune encephalitis. PE = Plasma exchange, IV steroids = [V
methyIprednisolone or dexamethasone. Second-line agents include rituximab,
mycophenolate mofetil, azathioprine. *Depending on severity and results of evaluation
consider I'V steroids alone vs adding IVIG. Recommend 3—6 months of sustained treatment
before tapering. +Continue first-line therapy with IVIG and TV steroids while giving time for

second-line therapy to take effect, then slowly taper off to ensure no recurrence of
symptoms.
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Table 1

Possible autoimmune encephalitis diagnostic criteria

Requires all three of the following:
1 Acute? to subacute onset of deficits in working memory (short-term memory loss), altered mental status or psychiatric symptoms
2 At least one of the following:
. New focal central nervous system finding
. Seizures (not explained by previously known seizure disorder)
. CSF WBC count > 5 cells/mm?
. MRI suggestive of encephalitis
3 Exclusion of alternative cause

a . . L . .
Modified as pediatric patients often present with an acute presentation
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Table 2

Treatment regimens for autoimmune encephalitis in children
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Therapy

Initial dosing

Subsequent dosing

Lab monitoring

First line

Corticosteroids

IVIG

Plasmapheresis OR
plasma exchange

Second line

Rituximab

Cyclophosphamide

Oral adjunct therapies

Mycophenolate mofetil

Azathioprine

Novel therapies

Tocilizumab

Bortezomib

Low-dose IL-2

Methylprednisolone 30 mg/kg
(max 1000 mg) daily x 3 to 5
days

OR

Dexamethasone 5 mg/kg IV (max
200 mg) once

2 mg/kg divided over two days

5-7 exchanges over 5 days to 14
days (recommended).
Replacement fluid: albumin OR
FFP

750 mg/m? (max 1000 mg) for
two doses 14 days apart OR 375
mg/m?2 once weekly x 4 weeks

750 mg/m? (max 1000 mg) once
with pre-hydration

300 mg/m? every 12 h with
titration up over one month to
goal dose 600 mg/m? (titration to
improve GI tolerance)

0.5-1.0 mg/kg once daily titrate
after | month

8-12 mg/kg 1V (max 800 mg)
once

No standardized dosing in
children

1.5 million TU? SQ once daily x 5
days

30 mg/kg (max 1000 mg) once
monthly (may consider more
frequent dosing in severe disease)

Dexamethasone 5 mg/kg IV (max
200 mg) once monthly

1 g/kg once monthly
Not established

750 mg/m? (max 1000 mg) OR 375
mg/m? every 24 weeks, Note: can
decrease interval if relapse or CD20
repopulation prior to 24 week., If
requiring more than once every 16
weeks dosing consider novel
therapies or CYC

1000 mg/m? (max 1500 mg) once
monthly for 3-6 months depending
on severity of disease and response
to therapy

600 mg/m? every 12 h (max 1500
mg every 12 h)

2.0-2.5 mg/kg max 150 mg once
daily

8-12 mg/kg IV (max 800 mg) once
monthly

See initial dosing regimen

3 million TU? SQ once daily x 5
days at weeks 3, 6, and 9

None

none

IgA prior to initiation (optional)

ionized calcium, ferritin

Prior to Initiation: CBC/D, ALT,
AST, CD20 count,
immunoglobulins, BHCG, PPD

Quarterly: CBC/D,
immunoglobulins, +/— CD20 count
starting 3—4 months following
infusion and prior to next infusion,
BHCG

Prior to Initiation: CBC/D, ALT,
AST, BUN, Cr, BHCG

During infusion: urine SG and blood

Day 7-10: CBC/D

Prior to Initiation: CBC/D, ALT,
AST, BHCG

Quarterly: CBC/D, ALT, AST,
BHCG, mycophenolic acid level

Prior to Initiation: CBC/D, ALT,
AST, BUN, Cr TPMT enzyme level
and activity

During titration: CBC/D, ALT, AST,
BUN, Cr every 2 weeks until at
stable dose

Quarterly: CBC/D, ALT, AST,
BUN, Cr

Prior to Initiation-CBC/D, ALT,
AST, BHCG, cholesterol

One month then quarterly: CBC/D,
ALT, AST, BHCG

Semiannually: Cholesterol

CBC/D, AST, ALT, BHCG, CXR,
periodic PFTs

CBC/D, electrolytes, BUN, Cr,
AST, ALT, CXR, TSH, periodic
PFTs
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HBody surface area or weight-based dosing not reported

| BHCG beta-HCG, BUNblood urea nitrogen, CBC/D complete blood count with differential, Crereatinine, CXR chest x-ray, FFP fresh frozen
; plasma, PFTs pulmonary function tests, PPD purified protein derivated for tuberculosis, SG specific gravity, 7PMT thiopurine methyltransferase,
TSHthyroid stimulating hormone
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