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Abstract:

Autoimmune encephalitis  is  an important  cause of  neurological  morbidity  and mortality.  Treatment

algorithms are  based on observational,  primarily  retrospective studies,  plus  expert  opinion.  Despite

clinical improvement with empiric therapy, recovery is often incomplete with a substantial burden of

residual  neurological  deficits  and  recurring  symptoms.  There  is  a  pressing  need  for  higher-quality

evidence-based  therapies.  However,  designing  and  conducting  clinical  trials  for  patients  with  rare

diseases like autoimmune encephalitis has specific challenges, including slow recruitment, suboptimal

outcome measures, and inclusivity versus exclusivity of the various disease subtypes. The anticipated

knowledge gained from autoimmune encephalitis clinical trials emphasizes the need to overcome these

challenges  and  support  the  development  of  the  next  generation  of  clinical  trials.  Yet,  given  these

challenges, alternative approaches may be required. In this article, we review past and present clinical

trials  in  autoimmune  encephalitis  with  a  focus  on  studies  enrolling  patients  with  neural  surface

antibodies.  We discuss  the  potential  challenges  and  opportunities  inherent  to  clinical  trials  in  rare

diseases and provide an outlook for the field.



Introduction

In the last two decades, autoimmune encephalitis (AE) has emerged as a major cause of neurological

morbidity with at least a similar prevalence to viral encephalitis. 1 2 Observational studies suggest that AE

subtypes mediated by neural surface antibodies are more responsive to immunotherapy and carry a

better prognosis than those associated with antibodies against intracellular antigens.3 The response to

immunotherapy,  however,  is  often  incomplete  with  variable  relapse  rates  and  abundant  sequelae

including cognitive impairment, affective disorders, fatigue, and sleep disorders, that contribute to long-

term  morbidity.4 5 6 7 Although  current  AE  treatment  approaches  are  supported  by  consensus

statements,8 9 these  recommendations  are  predicated  on  Class  IV  observational  studies,  which  are

susceptible  to  high  degrees  of  bias.10 Well-designed  randomized  controlled  clinical  trials  (RCTs)  are

important to provide the higher-quality evidence required to grow scientific knowledge, support drug

discovery,  advance  evidence-based  treatment,  and  improve  patient  outcomes.  However,

implementation of such trials in AE is very challenging given the rarity and heterogeneity of this disease

spectrum.  Despite these challenges, several RCTs have begun to evaluate the safety and efficacy of

established  and  novel  therapeutics  in  AE  (table-1).11 12 13 14 Here,  we  review  the  proposed

pathophysiology of AE, the available empiric therapies, the rationale and design of recent and ongoing

RCTs, and the specific challenges that face these trials. The goal of this narrative review is to provide an

update on pipeline AE therapeutics to clinicians caring for AE patients, discuss the challenges that face

current clinical trials, and provide recommendations to support the next generation of AE clinical trials.  

The pathophysiology of autoimmune encephalitis

AE  encompasses  several  disorders  characterized  by  immune-mediated  inflammation  of  brain

parenchyma mainly involving the cortical and/or deep grey matter with or without extension to the

white matter, brainstem, meninges, and spinal cord.8 15 Unlike multiple sclerosis and acute disseminated

encephalomyelitis,  demyelination  is  uncommon  in  AE,16 although  it  may  coexist  with  grey  matter

inflammation in certain AE subtypes.17 AE patients may have antibodies against neural surface antigens

or intracellular antigens (figure-1). The autoimmune pathology in patients with neural surface antibodies



is thought to be antibody-mediated, and may or may not be associated with a neoplasm (paraneoplastic

or  idiopathic).16 In  comparison,  the  inflammatory  pathology  in  patients  with  antibodies  against

intracellular  antigens  is  mostly  T-cell-mediated  and  the  antibodies  themselves  are  often  not

pathogenic.16 Most  cases  of  AE  in  patients  with  antibodies  against  intracellular  antigens  are

paraneoplastic  and  tend  to  be  resistant  to  immunotherapy  especially  if  the  associated  tumor  is

untreated. On the contrary,  patients with neural surface antibodies are more responsive to empiric

immunotherapies  directed  against  antibody-mediated  pathology.  In  addition  to  idiopathic  and

paraneoplastic etiologies, some cases are post-viral (e.g. after herpetic encephalitis)8 or iatrogenic (e.g.

in the setting of tumor-necrosis-factor-alpha inhibitors or immune-checkpoint inhibitors).8The two most

common and widely-studied AE syndromes associated with neural surface antibodies are N-methyl-D-

aspartate  receptor  (NMDAR)  antibody  encephalitis18 and  Leucine-rich  glioma  inactivated-1  (LGI1)

antibody encephalitis.19 

NMDAR-antibody encephalitis  commonly  affects  young females  with  ovarian teratoma but  can also

affect males, children, and the elderly.20 It manifests with encephalopathy, speech dysfunction, seizures,

involuntary movements, autonomic instability, and central hypoventilation.15 Despite, the severe initial

presentation and the prolonged disease course, most patients eventually  improve.20 The substantial

potential for improvement is consistent with the relative absence of structural abnormalities on brain

MRI, lack of prominent changes in biofluid neuroaxonal loss biomarkers , 21 and rarity of neuronal loss in

pathological specimens of NMDAR-antibody encephalitis.15 16 17 Pathological studies in NMDAR-antibody

encephalitis  show  modest  perivascular  T  and  B-cell  infiltrates  with  copious  interstitial/perivascular

antibody-secreting plasmablasts and plasma cells.22 This explains the intrathecal synthesis of NMDAR

antibody and the higher reliability of cerebrospinal fluid (CSF) testing in this disorder.  Although NMDAR

antibodies are particularly of the IgG1 subclass, complement deposits are absent in NMDAR-antibody

encephalitis  pathology  specimens.16 22 NMDAR-antibodies  interact  with  surface  NMDA receptors  on

neurons,  and  possibly  oligodendrocytes,  leading  to  receptor  internalization  resulting  in  neuronal

dysfunction without neuronal loss. Recent studies have demonstrated the presence of NMDAR-antibody

producing germinal centers in the cervical lymph nodes and teratomas in patients with this disease, as

niduses of antibody production.23 Further, CSF usually shows elevated levels of the pleotropic cytokine

interleukin 6 (IL-6), a key factor in differentiation of B-cells into antibody-producing cells.24



LGI1-antibody encephalitis commonly affects older men, and presents frequently with the characteristic

faciobrachial dystonic seizures followed by cognitive decline and behavioral changes concordant with

limbic encephalitis, the typical anatomical phenotype of this disorder.25 Most cases are idiopathic. The

LGI1 antibodies are proven to be pathogenic,  based on highly specific monoclonal  antibody passive

transfer approaches.26 Similar to NMDAR-antibody encephalitis,  pathological  studies in LGI1-antibody

syndrome  demonstrate  pathogenic  antibody-producing  plasmablasts  and  plasma  cells  in  the  CSF,27

which  are  likely  peripherally  activated  before  entering  the  CNS.  Although  most  pathogenic  LGI1

antibodies are of the IgG4 subclass, tissue from these patients contrast with those in NMDAR-antibody

encephalitis  by  showing  more  pronounced  T  and  B  cell  infiltration,  complement  deposition,  and

neuronal  death throughout  the limbic  system.16 28 IL-6  is  elevated also in  the serum of  some LGI1-

antibody  encephalitis  patients.29 Longitudinal  radiological  studies  of  patients  with  LGI1-antibody

encephalitis demonstrate hippocampal atrophy in a subset of patients after recovery from the acute

phase. (Finke et al., 2017)

Autoimmune encephalitis empiric and experimental therapies

Current  first-line  acute  therapies  for  AE  include  agents  with  general  anti-inflammatory  and

immunosuppressant properties like intravenous methylprednisolone (IVMP), and agents that reduce or

neutralize  pathogenic  antibodies  in  the  circulation  like  plasma  exchange  (PLEX)  and  intravenous

immunoglobulins (IVIg) (Figure 2).8 Second-line therapies include the anti-CD20 B-cell depleting agent

rituximab,  and  broad-spectrum  immunosuppressants  like  cyclophosphamide  and  mycophenolate

mofetil.  Overall,  retrospective studies suggest that more rapid administration of immunotherapies is

associated with improved outcomes in AE patients.20 Second-line therapies have been linked to further

improvements and reduction of  future relapses.20 Given the pathogenic  roles  of  antibody-producing

plasmablasts and plasma cells in AE, there has been a growing scientific interest in targeting those cells.

Rituximab depletes only few plasmablasts because they typically lack CD20. Inebilizumab is a humanized

monoclonal antibody against the B-cell surface antigen CD19,30 with the potential to not only deplete

CD19+CD20+ B-cells (as with rituximab), but also a proportion of CD19+CD20- plasmablasts and subsets

of plasma cells (many plasma cells are both CD19 and CD20 negative). Although antibody-secreting cells

exist in the brains of AE patients, it is not known how many lack CD19 or if therapeutic antibodies can

access this compartment. Therefore, whether targeting CD19 confers a real-world benefit over anti-



CD20 agents is unclear. Inebilizumab is licensed by the U.S FDA for the treatment of neuromyelitis optica

spectrum disorder (NMOSD), with RCT data confirming robust, broad, and sustained B-cell suppression

in AQP4-IgG positive patients. NMOSD is a rare antibody-mediated neuroinflammatory disorder that

shares similar pathologic mechanisms to AE and is typically responsive to the same empiric therapies.

Another  approach  to  targeting  plasma  cells  is  by  inducing  their  apoptosis  through  proteasome

inhibition. Bortezomib is a proteasome inhibitor that primarily affects cells with high protein synthesis,

in particular plasma cells, leading to apoptosis. Bortezomib is included in standard therapy schemes for

patients with multiple myeloma and was shown to also induce plasma cell depletion and reduction of

pathogenic autoantibodies in systemic autoimmune disorders.31 Some case reports and non-controlled

case series provided the first evidence of a potential beneficial effect of bortezomib in patients with

severe AE32 whereas others reported no significant therapeutic response.33 Biological plausibility to this

approach includes the strong evidence that plasma cells are present in the CSF, meninges and brains of

AE patients.22 27 

Another potential therapeutic approach to AE is  preventing antibody recycling  and accelerating IgG

catabolism via inhibition of the neonatal Fc receptor (FcRn) in endothelial cells. FcRn normally binds to

IgG and albumin to prevent their  lysosomal degradation and recycles them back into the circulation

prolonging their half-life. Rozanolixizumab is a humanized IgG4 monoclonal antibody developed to block

IgG binding to FcRn without affecting albumin recycling.34 By blocking FcRn, rozanolixizumab accelerates

IgG catabolism, including pathogenic autoantibodies, thus reducing their concentration in patients with

autoimmune diseases. It has been shown to have therapeutic efficacy in myasthenia gravis.35 

Blocking the IL-6 receptor is another promising approach to AE treatment. Among other immune effects,

IL-6 is implicated in the maturation of B-cells into antibody-producing plasmablasts including pathogenic

AE antibodies. Observational studies suggest benefit from tocilizumab (a monoclonal antibody against

IL-6 receptor) when added to standard AE therapy.36 Satralizumab is a humanized monoclonal antibody

that targets IL-6 receptor and has demonstrated efficacy with FDA licencing in NMOSD with AQP4-IgG.37

These novel therapeutic approaches are promising and may be more effective and possibly safer than

existing empiric  therapies.  However,  immunosuppression  and  increased  infection risk  remain viable

concerns with these interventions. Precision medicine approaches like targeted antibody therapies that

compete  with  pathogenic  antibodies  without  inhibiting  or  activating  the  target  receptor  (e.g.  anti-



NMDAR therapeutic antibodies, clinical trial NCT06575153 or NMDAR Fc fusion proteins). All approaches

and substances described above show low CNS penetration, so it will be interesting to see if depletion of

antibodies or immune cells in the periphery and the meninges is sufficient to ameliorate CNS disease at

a sufficient rate. Evidence suggesting the presence of active germinal centre reactions in systemic lymph

nodes provides data supporting ongoing peripheral immune activation in patients with estaslished CNS

diseases.(Al-Diwani et al., 2022, Damato et al., 2022) Novel approaches with chimeric T-cell therapies

directed against pathogenic B cells,38 may be able to overcome this limitation, may avoid unnecessary

immunosuppression,  and can be studied in  comparison  to standard second-line  therapies  in  future

clinical trials.

Challenges  to  conducting  clinical  trials  in  autoimmune  encephalitisA  growing  body  of  literature

suggests  that  incomplete  recovery  is  common  after  AE  attacks  and  that  some patients  experience

recurrences.4 5 6 Available empiric therapies are only partly effective and carry potential serious side-

effects. So, there is a pressing need for efficacious evidence-based therapies to improve AE outcomes,

preferably with fewer side effects.  However, numerous intertwined factors challenge the design and

conduct of RCTs for rare disorders like AE. Below are some of the most important challenges that face

AE clinical trials:

A) Recruitment:

Patients  with  rare  diseases  can  be  harder  to  enroll  in  numbers  required  to  power  therapeutic

studies, particularly in the acute phases of disease when anticipated benefits are greatest. Previous

AE trials have suffered from low recruitment, which resulted in early termination. 11 12 For example, a

single center double-blind RCT of IVIg in patients with LGI1-antibody or CASPR2-antibody AE was

terminated prematurely due to slow enrollment.11 Only 17 subjects out of the targeted 30 were

enrolled despite >500 potential participants were identified in this period. Patients randomized to

IVIg were more likely to achieve seizure freedom than those who received placebo, but the results

were fundamentally underpowered. Likewise, a single center double-blind RCT of ocrelizumab, a

humanized anti-CD20 agent, in patients with NMDAR-, LGI1-, CASPR2-, or DPPX-antibody AE was

also terminated prematurely due to slow recruitment.12 Only 3 out of the targeted 16 patients were

recruited,  hampering  meaningful  interpretation  of  the  results.  Given  the  patient  recruitment



challenges faced by these early efforts, it became clear that multicenter studies are necessary for

adequate recruitment—a lesson reinforced by successful studies in NMOSD.30 39 Unlike NMOSD, AE

is  a  heterogeneous  group  of  disorders  with  different  antibodies  and  variable  underlying

mechanisms.8 Individual  antibody  subtypes  are  rare  and  even  multicenter  trials  of  individual

subtypes have suffered from low recruitment.  Exclusion of  children and pregnant females from

clinical trials adds to recruitment challenges. The lack of reliable neuronal antibody testing in certain

geographical areas is  another obstacle against  enrollment in trials  mandating neuronal  antibody

positivity. The inclusion of patients with probable NMDAR-antibody encephalitis based on clinical

grounds only in some studies (e.g. CIELO) can partially overcome this problem, but it introduces a

modest risk of enrolling subjects with an inaccurate diagnosis. 

B) Heterogeneity of the disease:

The heterogeneity of the serological AE subtypes creates a special  dilemma of inclusivity versus

exclusivity  of  AE subtypes when designing RCTs,  i.e.  whether to study each antibody-associated

disease as its own condition versus under the broader heading of AE. Most current studies focus on

one specific homogenous antibody subtype (NMDAR-antibody in ExTINGUISH and LGI1-antibody in

LEGIONE) or follow a basket study design (cohorts studying NMDAR and LGI1 antibodies in CIELO).

The basket design enables the study of different AE syndromes under a “master” protocol, aiming to

leverage the efficiencies of a shared trial infrastructure, particularly for a rare disorder. In a basket

study  design,  the  results  from  each  cohort  are  analyzed  independently.  Although  the  basket

approach  may  fail  to  power  either  of  the  two  disease  groups,  planned  sample  sizes  can  be

individualized for each group.  Basket studies also allow for cohort-specific hierarchies of outcomes

based on clinically relevant features of the specific AE syndrome. Whether the results of NMDAR-

antibody and LGI1-antibody AE RCTs can be generalized to other neuronal surface antibodies (e.g.

CASPR2-,  GABAR-,  AMPAR-antibody,  etc.)  is  unclear  but  might  be  necessary  from  the  practical

standpoint since designing dedicated trials for each individual antibody might not be feasible given

relative  rarity.  An  inclusive  study  design  allows  recruitment  of  any  clinically-relevant  neuronal

surface autoantibody (e.g. as in GENERATE-BOOST). This can potentially overcome the problem of

low recruitment. However, including more than one AE subtype under a common trial design may



underpower the results for individual subtypes. It may also invite regulatory challenges for approval

for specific indications, noting that regulatory agencies generally do not support the inclusion of

multiple disease subtypes with potentially  different pathomechanisms, prognosis,  and treatment

responsiveness within a single trial cohort. Moreover, study outcomes and endpoints may not be

suitable for all disease subtypes. On the other hand, the rationale to include multiple pathogenic

antibodies  addresses  the  common  underlying  AE  pathology  of  disease-inducing  antibodies  to

neuronal surface antigens. This approach may provide clinical evidence if a therapeutic principle

(e.g., plasma cell depletion using proteasome inhibition as in the inclusive GENERATE-BOOST study)

has the potential to modulate disease severity in a broader range of AE subtypes. 

Etiologically, current RCTs focus on idiopathic disease and exclude patients with AE associated with

cancer or developing following herpetic encephalitis or exposure to immune-checkpoint inhibitors.

These etiological subtypes are relatively common, accounting for about one-third of all-cause AE

cases.4 Future studies should consider inclusion of these etiological subtypes after the etiological

triggers are sufficiently addressed although this will necessarily create etiological heterogeneity in

the  studies.  Likewise,  current  trials  do  not  include  patients  with  neuronal  antibodies  against

intracellular  antigens  and  those  with  antibody-negative  disease.  Exclusion  of  such  patients  is

understandable given the critical differences in pathomechanisms between the antibody-mediated

pathogenesis in patients with neuronal surface antibodies and the T-cell-mediated mechanisms in

those with antibodies against intracellular antigens (and the unknown pathogenesis  in antibody-

negative patients). However, these serological subtypes are relatively frequent and deserve their

own RCTs especially since the results of the current trials are not generalizable to all forms of AE. 

C) Challenges related to monotherapy, add-on therapy, and placebo control: 

The availability of widely accepted off-label empiric therapies for AE creates additional challenges,

as early exposure to immunotherapies may present safety risks when combined with investigational

agents  or  confound the evaluation of  their  efficacy.  Moreover,  the severity  of  the disease and

established  response  to  first-line  therapies  renders  placebo-controlled  studies  without  first-line

therapies unethical. Another important barrier against successful recruitment is the availability of

effective empiric second-line therapies making it difficult for some patients and clinicians to elect to



participate  in  placebo-controlled  studies  even  when  first-line  immunotherapies  are  allowed,

especially in severe cases. Studying investigational drugs as add-on therapy to empiric second-line

agents is a reasonable approach that has been proven successful in NMOSD clinical trials (e.g. Sakura

Sky study).38 However,  combined or overlapping immunosuppression may increase risk including

related to infection and malignancy. Combined therapy may also be unnecessary, and it impedes

evaluating  the  potential  benefit  of  the  investigational  agent  as  monotherapy.  Determining

treatment-refractoriness  in  patients  receiving  second-line  therapy  can  be  difficult  due  to  the

protracted improvement seen in some AE patients. This complicates decisions regarding candidacy

to enrollment in clinical trials with refractory arms (e.g. CIELO).    

D) Outcome measures: 

Selecting an outcome measure for AE RCTs is one of the most challenging aspects of trial design.

Most  AE  studies  utilize  the  modified  Rankin  Scale  (mRS),  referencing  early,  retrospective

observational studies in AE and infectious encephalitis that popularized this approach.20 The mRS

was mainly  geared towards  motor disability  in  stroke patients,  which is  rare  in  AE.4 Structured

interviews focused on AE symptoms, supported by standardized rater training, may be helpful with

implementation.  However,  validated  outcome  measures  for  AE  are  still  needed.  The  clinical

assessment scale in autoimmune encephalitis (CASE) score was developed specifically to capture the

multi-symptomatic aspects of AE, and is a promising outcome measure for AE RCTs.39  However, the

CASE score is relatively new and lacks robust validation studies, especially as a long-term measure. It

also lacks categories for sleep dysfunction, autonomic dysfunction, and death.4 The categories of the

CASE score make it more suitable to measure outcomes in NMDAR-antibody encephalitis over other

forms of AE. Most studies incorporated CASE as a secondary outcome, but an updated version of the

CASE score may be suitable as a primary outcome in future studies. However, both mRS and CASE

are  ordinal  scales,  necessitating  less  powerful  statistical  analyses.  They  also  both  suffer  from a

ceiling effect, making them suitable for acute and subacute outcome analyses, but less suitable for

more chronic  outcomes. Seizure-freedom is  a potentially suitable outcome for AE subtypes that

present predominantly with seizures like LGI1-antibody and GABAR-antibody encephalitis but is not

suitable for subtypes with multi-symptomatic presentations and variable seizure prevalence (e.g.



NMDAR-antibody encephalitis). Standardized measures of cognition may be ideal for AE subtypes

with  prominent  cognitive  dysfunction especially  as  long-term outcomes,  but  the  best  cognitive

measure for AE is  yet  to be elucidated.  Detailed evaluations of  the various  patterns of  residual

cognitive deficits after AE are needed to select the most suitable cognitive measure or design a new

scale specific for AE. The Liverpool Outcome Score has been used in viral encephalitis in children,

and can be a potential outcome measure for pediatric AE. The newly developed Patient-Reported

Outcome Scale for Encephalitis (PROSE) may be a suitable future outcome measure that reflects

patient perspectives (Brenner et al. presented at the 2024 AAN Summer Conference).

Challenge mitigation in current AE clinical trials and future recommendations:

Current clinical trials in AE include a study of inebilizumab in NMDAR-antibody encephalitis (Extinguish),

a study of rosanolixizumab in LGI1-antibody encephalitis (LEGIONE), a basket study of satralizumab in

NMDAR-antibody encephalitis and LGI1-antibody encephalitis (CIELO), and a study of bortezomib in AE

with any neuronal surface antibody (GENERATE-BOOST). Table-1 includes details of each of these clinical

trials. The current trials have implemented several mitigation strategies to address numerous challenges

as detailed in table-2. Despite those mitigation strategies, AE clinical trials continue to struggle with

various difficulties. Recently, LEGIONE has been put on hold due to slow recruitment. Interim analysis of

patient data and LGI1 IgG titers are being performed to assess potential efficacy and safety signals. 

We propose several recommendations for future clinical trials based on the lessons learned from the

current studies as detailed in table-2

A roadmap for stakeholders:

Many lessons can be learned from the current and previous clinical trials in AE. To ensure the success of

future trials, AE stakeholders should consider the following:  

Considerations for patients and caregivers:



Unlike chronic immune-mediated neurological disorders (e.g. multiple sclerosis), AE is often an acute

monophasic inflammatory event. Patients and caregivers are often introduced to the concept of AE for

the first time at the time of initial presentation. Public knowledge of AE as a disease entity is limited.

Agreeing to enroll in a clinical trial shortly after being diagnosed can be difficult, especially when those

decisions must be made in some cases by surrogate decision-makers. Patients and caregivers need to be

educated on the current empiric therapies including both their benefits and risks. The value of clinical

trials  in conditions without evidence-based therapies should be emphasized. Patients and caregivers

need to be assured that all current clinical trials test investigational drugs as add-on to standard first-line

therapies, and that second-line therapies are either mandatory or optional in all studies either before

randomization or as a rescue thereafter. The fact that the investigational agents could be less toxic than

empiric second and third-line therapies should also be explained. All current investigational agents in AE

have been previously  approved for  other  indications and have existing data  from those indications

informing safety and risk mitigation strategies. After the acute phase, recovering patients should be

educated on the value of  clinical  trials  in  exploring  the impact of  long-term immunomodulation on

residual symptoms and relapse rates. Patients and caregivers should be encouraged to participate in

educational  events,  patient  organizations,  and  registries  related  to  AE.  They  should  consider

participation  in  future  studies  focused  on  cognitive  rehabilitation  and  immune  tolerization.

Individualized recognition and appreciation of participant contributions to clinical trials and advancing

clinical research is paramount.  

Considerations for clinicians:

One of the greatest challenges that face AE clinical trials  is  low referral rates secondary to clinician

hesitancy. In some institutions in which second-line therapy with rituximab is routine practice for most

AE patients, making referrals to clinical trials that exclude rituximab can be less appealing. However,

clinicians should consider the risks involved with the indiscriminatory use of second-line therapy in all

patients including unnecessary immunosuppression in milder cases. They should understand that the

value of the current AE trials is to test if second-line therapy is necessary and justified from the safety

standpoint in all AE patients. Realizing that the empiric use of rituximab and/or cyclophosphamide is

mainly  derived  from  lower-quality  evidence  based  on  patients  with  severe  NMDAR-antibody

encephalitis  can  reduce  clinician  hesitancy  and  supports  equipoise  for  clinical  trials.  Moreover,  as



mentioned in the patient section, clinicians should be made aware that the use of empiric second-line

therapies is allowed in all trials either before randomization or as a rescue therapy after randomization

in  non-responders.  Gaining  access  to  therapeutic  agents  with  proven  efficacy  and  safety  in  other

neuroinflammatory disorders through AE clinical trials, is a strong advantage that should be considered

by clinicians. Clinical trials also provide close clinical monitoring and access to supervision of medical

care by experts in AE management. 

Considerations for investigators:

Investigators designing the next generation of AE clinical trials should consider the challenges faced by

the current trials and implement creative designs to ensure success of the future trials. Investigator-

initiated  studies  of  existing  first  and  second-line  therapies  (e.g.,  cyclophosphamide  +  rituximab  vs

rituximab alone)  remain  important  and  should  be  considered.  Designing  clinical  trials  versus  active

comparators  instead  of  placebo  may  also  mitigate  patient  and  clinician  hesitancy  and  improve

enrollment rates. Developing AE-specific outcome measures for future clinical trials should be viewed as

a priority for collaborative research efforts. Addressing understudied AE subtypes (e.g. paraneoplastic

and  antibody-negative  AE)  is  another  critical  area  for  future  investigators.  Table-2  details  specific

recommendations for future AE clinical trials. 

Considerations for pharmaceutical sponsors and funding agencies:

An important barrier to AE clinical trials is the lack of access to reliable neuronal antibody testing in

many parts of the world. Clinical trial sponsors should partner with neuroimmunology laboratories to

make testing available without cost to underserved areas. There is a pressing need for an international

AE registry and biobank to advance AE knowledge and expand the limited insights that are typically

gained from smaller single center studies. Funding agencies and interested pharmaceutical companies

should consider investing in such registries, which can serve as an important source to identify clinical

trial candidates. Sponsors should also invest in novel approaches to AE management including precision

medicine approaches, cognitive rehabilitation research in the post-acute phase, and tolerization therapy

in patients with recurrent AE. 

Considerations for regulatory agencies:



One of the biggest obstacles to sufficient recruitment in AE clinical trials is the mandatory recruitment of

one or two specific antibody serotypes per the recommendations of  regulatory agencies.  Given the

rarity  of  individual  AE  subtypes,  regulatory  agencies  should  consider  inclusion  of  multiple  antibody

subtypes  under  a  master  protocol  if  they  belong  to  the  same  broad  category  of  antibodies  (e.g.,

neuronal surface antibodies). This might improve recruitment while providing evidence-based therapies

for rare subtypes that would otherwise be unsuitable for their own dedicated clinical trials. Regulatory

agencies should also consider supporting clinical trials in well-defined antibody-negative AE phenotypes

like limbic encephalitis. The mandatory utilization of validated outcome measures like the mRS should

be revisited in favor of measures that are more relevant to AE like CASE or cognitive testing batteries. 

40Conclusion:

Current RCTs in patients with AE face numerous challenges including the need to recruit ample

numbers of patients with rare disease, suboptimal outcome measures, and the dilemma of lumping

versus  splitting  the  various  serological  and  etiological  subtypes.  Many  lessons  are  expected  to  be

learned from these trials, paving  the way for  better studies  in  the future.  Gaining  insights  into AE

pathogenic mechanisms, comparing established and novel outcome measures, and identifying obstacles

to  recruitment  and  the  best  approaches  to  mitigate  those  obstacles,  are  a  few  of  the  learning

opportunities that can be gained from these trials. 
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Figure legends:

Figure-1: Potential triggers, predisposing factors, immunopathogenesis, and 

neuronal/anatomical targets in autoimmune encephalitis: 

Autoimmune encephalitis can occur without a known trigger (idiopathic) or can be triggered by 

the presence of a neoplasm (paraneoplastic), following viral infections (post-viral), or following 

exposure to immunomodulating agents (iatrogenic). Potential predisposing factors include 

certain HLA subtypes in specific autoimmune encephalitis syndromes, proneness to 

autoimmunity, and pro-inflammatory body environment (e.g. smoking, head trauma, etc.). The 

abnormal immune response can activate pathogenic B cells that secrete pathogenic antibodies 

against neural surface antigens or non-pathogenic B cells that secrete antibodies against neural

intracellular antigens. Cytotoxic T cells play a key role in autoimmune encephalitis associated 

with antibodies against intracellular antigens and likely in subtypes related to synaptic vesicle 

proteins (e.g., GAD65 antibody) as well as antibody-negative disease. Anatomical targets include

the limbic system, cerebral cortex, basal ganglia, brainstem, and/or the cerebellum. 

* Neural surface antibodies include NMDAR, LGI1, CASPR2, DPPX, AMPAR, GABAAR, GABABR, and 

IgLON5 antibodies. 

** Neural intracellular antibodies include Hu, Yo, Ri, CRMP5, Ma/Ta, and KLH11 antibodies. 

*** Antibodies against synaptic vesicle proteins include GAD65 antibody.

Figure-2: Immunopathogenesis and therapeutic agents for autoimmune encephalitis: 



An environmental trigger (viral infection, neoplasm, medication, or unknown trigger) initiates the 

immune response. An antigen-presenting cell activates T cells, which activate CD19+ CD20+ B cells. With 

the aid of interleukin 6, activated B cells mature into antibody-producing plasmablasts (some of which 

are CD19+). Pathogenic neuronal antibodies against surface antigens are released in the circulation and/

or intrathecally. FcRn receptors in endothelial cells support IgG recycling and decrease its intracellular 

degradation. Pathogenic antibodies and/or pathogenic B cells cross the blood-brain barrier and promote

an inflammatory response in the brain comprised of perivascular and parenchymal T cell infiltrate, 

activated microglia, and inflammatory cytokines. Pathogenic antibodies interact with their neuronal 

surface antigen targets leading to their blockade, internalization, or disruption of the cell membrane 

(depending on the specific antibody). Standard therapies for autoimmune encephalitis include 

immunosuppressants that suppress multiple immune cells particularly T cells (e.g. corticosteroids, 

mycophenolate, cyclophosphamide), anti-CD20 agents (rituximab), and interventions that remove 

pathogenic antibodies from the circulation (IVIg and plasmapheresis). Investigational therapies actively 

being tested in clinical trials include anti-CD19 agents (inebilizumab), interleukin 6 receptor blockers 

(satralizumab), proteasome inhibitors that promote apoptosis of plasma cells (bortezomib), and FcRn 

inhibitors (rozanolixizumab).   

Figure-3: Schematic designs of autoimmune encephalitis clinical trials: 

IV: intravenous, IVIg: intravenous immunoglobulins, CSF: cerebrospinal fluid, mRS: modified Rankin 

scale, LGI1: Leucine-rich glioma inactivated 1, IVMP: intravenous methylprednisolone, SFU: safety follow

up, EOS: exit of study, NMDAR: N-methyl-D-aspartate receptor, AIE: autoimmune encephalitis, DB: 

double blind, IST: immunosuppressive therapy

References:

AL-DIWANI, A., et al. (2022) Cervical lymph nodes and ovarian teratomas as germinal centres in NMDA 
receptor-antibody encephalitis. Brain, 145 (8), 2742-2754.

DAMATO, V., et al. (2022) Rituximab abrogates aquaporin-4-specific germinal center activity in patients 
with neuromyelitis optica spectrum disorders. Proc Natl Acad Sci U S A, 119 (24), e2121804119.

FINKE, C., et al. (2017) Evaluation of Cognitive Deficits and Structural Hippocampal Damage in 
Encephalitis With Leucine-Rich, Glioma-Inactivated 1 Antibodies. JAMA Neurol, 74 (1), 50-59.



1 Dubey D, Pittock SJ, Kelly CR, McKeon A, Lopez-Chiriboga AS, Lennon VA, Gadoth A, Smith CY, Bryant SC, Klein CJ, 
Aksamit AJ, Toledano M, Boeve BF, Tillema JM, Flanagan EP. Autoimmune encephalitis epidemiology and a 
comparison to infectious encephalitis. Ann Neurol. 2018 Jan;83(1):166-177. doi: 10.1002/ana.25131. PMID: 29293273;
PMCID: PMC6011827.

2 Gable MS, Sheriff H, Dalmau J, Tilley DH, Glaser CA. The frequency of autoimmune N-methyl-D-aspartate receptor 
encephalitis surpasses that of individual viral etiologies in young individuals enrolled in the California Encephalitis 
Project. Clin Infect Dis. 2012 Apr;54(7):899-904. doi: 10.1093/cid/cir1038. Epub 2012 Jan 26. PMID: 22281844; PMCID:
PMC3297648.

3 Rosenfeld MR, Dalmau J. Paraneoplastic Neurologic Syndromes. Neurol Clin. 2018 Aug;36(3):675-685. doi: 
10.1016/j.ncl.2018.04.015. Epub 2018 Jun 18. PMID: 30072076.

4 Abboud H, Briggs F, Buerki R, Elkasaby M, BacaVaca GF, Fotedar N, Geiger C, Griggins C, Lee C, Lewis A, Serra A, 
Shrestha R, Winegardner J, Shaikh A. Residual symptoms and long-term outcomes after all-cause autoimmune 
encephalitis in adults. J Neurol Sci. 2022 Mar 15;434:120124. doi: 10.1016/j.jns.2021.120124. Epub 2021 Dec 31. 
PMID: 34998237.

5 Guasp M, Rosa-Justicia M, Muñoz-Lopetegi A, Martínez-Hernández E, Armangué T, Sugranyes G, Stein H, Borràs R, 
Prades L, Ariño H, Planagumà J, De-La-Serna E, Escudero D, Llufriu S, Sánchez-Valle R, Santamaria J, Compte A, Castro-
Fornieles J, Dalmau J; Spanish anti-NMDAR Encephalitis Study Group. Clinical characterisation of patients in the post-
acute stage of anti-NMDA receptor encephalitis: a prospective cohort study and comparison with patients with 
schizophrenia spectrum disorders. Lancet Neurol. 2022 Oct;21(10):899-910. doi: 10.1016/S1474-4422(22)00299-X. 
PMID: 36115362.

6 Binks SNM, Veldsman M, Easton A, Leite MI, Okai D, Husain M, Irani SR. Residual Fatigue and Cognitive Deficits in 
Patients After Leucine-Rich Glioma-Inactivated 1 Antibody Encephalitis. JAMA Neurol. 2021 May 1;78(5):617-619. doi: 
10.1001/jamaneurol.2021.0477. PMID: 33779685; PMCID: PMC8008400.

7 Muñoz-Lopetegi A, Guasp M, Prades L, Martínez-Hernández E, Rosa-Justícia M, Patricio V, Armangué T, Rami L, 
Borràs R, Castro-Fornieles J, Compte A, Gaig C, Santamaria J, Dalmau J; Spanish anti-LGI1 Encephalitis Study Group. 
Neurological, psychiatric, and sleep investigations after treatment of anti-leucine-rich glioma-inactivated protein 1 
(LGI1) encephalitis in Spain: a prospective cohort study. Lancet Neurol. 2024 Mar;23(3):256-266. doi: 10.1016/S1474-
4422(23)00463-5. PMID: 38365378.

8 Abboud H, Probasco JC, Irani S, Ances B, Benavides DR, Bradshaw M, Christo PP, Dale RC, Fernandez-Fournier M, 
Flanagan EP, Gadoth A, George P, Grebenciucova E, Jammoul A, Lee ST, Li Y, Matiello M, Morse AM, Rae-Grant A, 
Rojas G, Rossman I, Schmitt S, Venkatesan A, Vernino S, Pittock SJ, Titulaer MJ; Autoimmune Encephalitis Alliance 
Clinicians Network. Autoimmune encephalitis: proposed best practice recommendations for diagnosis and acute 
management. J Neurol Neurosurg Psychiatry. 2021 Jul;92(7):757-768. doi: 10.1136/jnnp-2020-325300. Epub 2021 Mar
1. PMID: 33649022; PMCID: PMC8223680.

9 Nosadini M, Thomas T, Eyre M, Anlar B, Armangue T, Benseler SM, Cellucci T, Deiva K, Gallentine W, Gombolay G, 
Gorman MP, Hacohen Y, Jiang Y, Lim BC, Muscal E, Ndondo A, Neuteboom R, Rostásy K, Sakuma H, Sharma S, 
Tenembaum SN, Van Mater HA, Wells E, Wickstrom R, Yeshokumar AK, Irani SR, Dalmau J, Lim M, Dale RC. 
International Consensus Recommendations for the Treatment of Pediatric NMDAR Antibody Encephalitis. Neurol 
Neuroimmunol Neuroinflamm. 2021 Jul 22;8(5):e1052. doi: 10.1212/NXI.0000000000001052. PMID: 34301820; 
PMCID: PMC8299516.

10 Gronseth et al 2017—AAN procedure manual for classification of evidence

11 Dubey D, Britton J, McKeon A, Gadoth A, Zekeridou A, Lopez Chiriboga SA, Devine M, Cerhan JH, Dunlay K, Sagen J, 
Ramberger M, Waters P, Irani SR, Pittock SJ. Randomized Placebo-Controlled Trial of Intravenous Immunoglobulin in 
Autoimmune LGI1/CASPR2 Epilepsy. Ann Neurol. 2020 Feb;87(2):313-323. doi: 10.1002/ana.25655. Epub 2019 Dec 14.
PMID: 31782181; PMCID: PMC7003900.

12 Blackburn KM, Denney DA, Hopkins SC, Vernino SA. Low Recruitment in a Double-Blind, Placebo-Controlled Trial of 
Ocrelizumab for Autoimmune Encephalitis: A Case Series and Review of Lessons Learned. Neurol Ther. 2022 
Jun;11(2):893-903. doi: 10.1007/s40120-022-00327-x. Epub 2022 Feb 7. PMID: 35129803; PMCID: PMC9095811.



13 Lee S-T, Abboud H, Irani SR, Nakajima H, Piquet AL, Pittock SJ, Yeh EA, Wang J, Rajan S, Overell J, Smith J, St Lambert 
J, El-Khairi M, Gafarova M and Gelfand JM (2024) Innovation and optimization in autoimmune encephalitis trials: the 
design and rationale for the Phase 3, randomized study of satralizumab in patients with NMDAR-IgG-antibody-positive 
or LGI1-IgG-antibody-positive autoimmune encephalitis (CIELO). 
Front. Neurol. 15:1437913. doi: 10.3389/fneur.2024.1437913

14 Wickel, J., et al., Generate-Boost: study protocol for a prospective, multicenter, randomized controlled, double-
blinded phase II trial to evaluate efficacy and safety of bortezomib in patients with severe autoimmune encephalitis. 
Trials, 2020. 21(1): p. 625.

15 Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, Cortese I, Dale RC, Gelfand JM, Geschwind M, Glaser CA, 
Honnorat J, Höftberger R, Iizuka T, Irani SR, Lancaster E, Leypoldt F, Prüss H, Rae-Grant A, Reindl M, Rosenfeld MR, 
Rostásy K, Saiz A, Venkatesan A, Vincent A, Wandinger KP, Waters P, Dalmau J. A clinical approach to diagnosis of 
autoimmune encephalitis. Lancet Neurol. 2016 Apr;15(4):391-404. doi: 10.1016/S1474-4422(15)00401-9. Epub 2016 
Feb 20. PMID: 26906964; PMCID: PMC5066574.

16 Bien CG, Vincent A, Barnett MH, Becker AJ, Blümcke I, Graus F, Jellinger KA, Reuss DE, Ribalta T, Schlegel J, Sutton I, 
Lassmann H, Bauer J (2012) Immunopathology of autoantibody-associated encephalitides: clues for pathogenesis. 
Brain 135(Pt 5):1622–1638. https:// doi. org/ 10. 1093/ brain/ aws082. (Epub 2012 Apr 25
PMID: 22539258).

17 Titulaer MJ, Höftberger R, Iizuka T, Leypoldt F, McCracken L, Cellucci T, Benson LA, Shu H, Irioka T, Hirano M, Singh 
G, Cobo Calvo A, Kaida K, Morales PS, Wirtz PW, Yamamoto T, Reindl M, Rosenfeld MR, Graus F, Saiz A, Dalmau J. 
Overlapping demyelinating syndromes and anti–N-methyl-D-aspartate receptor encephalitis. Ann Neurol. 2014 
Mar;75(3):411-28. doi: 10.1002/ana.24117. PMID: 24700511; PMCID: PMC4016175.

18 Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai M, Dessain SK, Rosenfeld MR, Balice-Gordon R, Lynch DR. 
Anti-NMDA-receptor encephalitis: case series and analysis of the effects of antibodies. Lancet Neurol. 2008 
Dec;7(12):1091-8. doi: 10.1016/S1474-4422(08)70224-2. Epub 2008 Oct 11. PMID: 18851928; PMCID: PMC2607118.

19 Irani SR, Alexander S, Waters P, Kleopa KA, Pettingill P, Zuliani L, Peles E, Buckley C, Lang B, Vincent A. Antibodies to 
Kv1 potassium channel-complex proteins leucine-rich, glioma inactivated 1 protein and contactin-associated protein-2 
in limbic encephalitis, Morvan's syndrome and acquired neuromyotonia. Brain. 2010 Sep;133(9):2734-48. doi: 
10.1093/brain/awq213. Epub 2010 Jul 27. PMID: 20663977; PMCID: PMC2929337.

20 Titulaer MJ, McCracken L, Gabilondo I, et al. Treatment and prognostic factors for long-term outcome in patients 
with anti-NMDA receptor encephalitis: an observational cohort study. Lancet Neurol. 2013;12(2):157–165. 
doi:10.1016/S1474-4422(12)70310-1

21 Day GS, Yarbrough MY, Körtvelyessy P, Prüss H, Bucelli RC, Fritzler MJ, Mason W, Tang-Wai DF, Steriade C, Hébert J, 
Henson RL, Herries EM, Ladenson JH, Lopez-Chiriboga AS, Graff-Radford NR, Morris JC, Fagan A. Prospective 
Quantification of CSF Biomarkers in Antibody-Mediated Encephalitis. Neurology. 2021 May 18;96(20):e2546-e2557. 
doi: 10.1212/WNL.0000000000011937. Epub 2021 Apr 1. Erratum in: Neurology. 2021 Oct 19;97(16):795. doi: 
10.1212/WNL.0000000000012472. PMID: 33795390; PMCID: PMC8205475.

22 Martinez-Hernandez E, Horvath J, Shiloh-Malawsky Y, Sangha N, Martinez-Lage M, Dalmau J. Analysis of 
complement and plasma cells in the brain of patients with anti-NMDAR encephalitis. Neurology. 2011 Aug 
9;77(6):589-93. doi: 10.1212/WNL.0b013e318228c136. Epub 2011 Jul 27. PMID: 21795662; PMCID: PMC3149153.

23 Al-Diwani A, Theorell J, Damato V, Bull J, McGlashan N, Green E, Kienzler AK, Harrison R, Hassanali T, Campo L, 
Browne M, Easton A, Soleymani Majd H, Tenaka K, Iorio R, Dale RC, Harrison P, Geddes J, Quested D, Sharp D, Lee ST, 
Nauen DW, Makuch M, Lennox B, Fowler D, Sheerin F, Waters P, Leite MI, Handel AE, Irani SR. Cervical lymph nodes 
and ovarian teratomas as germinal centres in NMDA receptor-antibody encephalitis. Brain. 2022 Aug 27;145(8):2742-
2754. doi: 10.1093/brain/awac088. PMID: 35680425; PMCID: PMC9486890.

24 Ma Y, Wang J, Guo S, Meng Z, Ren Y, Xie Y, et al. Cytokine/chemokine levels in the CSF and serum of anti-NMDAR 
encephalitis: a systematic review and meta-analysis. Front Immunol. (2022) 13:1064007. doi: 
10.3389/fimmu.2022.1064007



25 Irani SR, Michell AW, Lang B, Pettingill P, Waters P, Johnson MR, Schott JM, Armstrong RJ, S Zagami A, Bleasel A, 
Somerville ER, Smith SM, Vincent A. Faciobrachial dystonic seizures precede Lgi1 antibody limbic encephalitis. Ann 
Neurol. 2011 May;69(5):892-900. doi: 10.1002/ana.22307. Epub 2011 Mar 17. PMID: 21416487.

26 Upadhya M, Kirmann T, Wilson MA, Simon CM, Dhangar D, Geis C, Williams R, Woodhall G, Hallermann S, Irani SR, 
Wright SK. Peripherally-derived LGI1-reactive monoclonal antibodies cause epileptic seizures in vivo. Brain. 2024 Apr 
25:awae129. doi: 10.1093/brain/awae129. Epub ahead of print. PMID: 38662480.

27 Theorell J, Harrison R, Williams R, Raybould MIJ, Zhao M, Fox H, Fower A, Miller G, Wu Z, Browne E, Mgbachi V, Sun 
B, Mopuri R, Li Y, Waters P, Deane CM, Handel A, Makuch M, Irani SR. Ultrahigh frequencies of peripherally matured 
LGI1- and CASPR2-reactive B cells characterize the cerebrospinal fluid in autoimmune encephalitis. Proc Natl Acad Sci 
U S A. 2024 Feb 13;121(7):e2311049121. doi: 10.1073/pnas.2311049121. Epub 2024 Feb 6. PMID: 38319973; PMCID: 
PMC10873633.

28 Tröscher AR, Klang A, French M, Quemada-Garrido L, Kneissl SM, Bien CG, Pákozdy Á, Bauer J. Selective Limbic 
Blood-Brain Barrier Breakdown in a Feline Model of Limbic Encephalitis with LGI1 Antibodies. Front Immunol. 2017 
Oct 18;8:1364. doi: 10.3389/fimmu.2017.01364. PMID: 29093718; PMCID: PMC5651237.

29 Borko T, Mizenko C, Kammeyer R, Ritchie A, Selva S, Barrera B, et al. Biomarkers of neuronal and glial injury in 
leucine-rich glioma inactivated-1 (LGI1) autoimmune encephalitis patients: a pilot study (P5-5.013). Neurology. (2023) 
100:4925. doi: 10.1212/WNL.0000000000204310

30 Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM, Fujihara K, Paul F, Cutter GR, Marignier 
R, Green AJ, Aktas O, Hartung HP, Lublin FD, Drappa J, Barron G, Madani S, Ratchford JN, She D, Cimbora D, Katz E; N-
MOmentum study investigators. Inebilizumab for the treatment of neuromyelitis optica spectrum disorder (N-
MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019 Oct 12;394(10206):1352-
1363. doi: 10.1016/S0140-6736(19)31817-3. Epub 2019 Sep 5. PMID: 31495497.

31 Alexander, T., et al., The proteasome inhibitior bortezomib depletes plasma cells and ameliorates clinical 
manifestations of refractory systemic lupus erythematosus. Ann Rheum Dis, 2015. 74(7): p. 1474-8.

32 Scheibe, F., et al., Bortezomib for treatment of therapy-refractory anti-NMDA receptor encephalitis. Neurology, 
2017. 88(4): p. 366-370.

33 Shin, Y.W., et al., Bortezomib treatment for severe refractory anti-NMDA receptor encephalitis. Ann Clin Transl 
Neurol, 2018. 5(5): p. 598-605.

34 Smith B, Kiessling A, Lledo-Garcia R, Dixon KL, Christodoulou L, Catley MC, Atherfold P, D'Hooghe LE, Finney H, 
Greenslade K, Hailu H, Kevorkian L, Lightwood D, Meier C, Munro R, Qureshi O, Sarkar K, Shaw SP, Tewari R, Turner A, 
Tyson K, West S, Shaw S, Brennan FR. Generation and characterization of a high affinity anti-human FcRn antibody, 
rozanolixizumab, and the effects of different molecular formats on the reduction of plasma IgG concentration. MAbs. 
2018 Oct;10(7):1111-1130. doi: 10.1080/19420862.2018.1505464. Epub 2018 Sep 12. PMID: 30130439; PMCID: 
PMC6291300.

35 Bril V, Drużdż A, Grosskreutz J, Habib AA, Mantegazza R, Sacconi S, Utsugisawa K, Vissing J, Vu T, Boehnlein M, 
Bozorg A, Gayfieva M, Greve B, Woltering F, Kaminski HJ; MG0003 study team. Safety and efficacy of rozanolixizumab 
in patients with generalised myasthenia gravis (MycarinG): a randomised, double-blind, placebo-controlled, adaptive 
phase 3 study. Lancet Neurol. 2023 May;22(5):383-394. doi: 10.1016/S1474-4422(23)00077-7. Erratum in: Lancet 
Neurol. 2023 Oct;22(10):e11. doi: 10.1016/S1474-4422(23)00336-8. PMID: 37059507.

36 Lee WJ, Lee ST, Moon J, Sunwoo JS, Byun JI, Lim JA, Kim TJ, Shin YW, Lee KJ, Jun JS, Lee HS, Kim S, Park KI, Jung KH, 
Jung KY, Kim M, Lee SK, Chu K. Tocilizumab in Autoimmune Encephalitis Refractory to Rituximab: An Institutional 
Cohort Study. Neurotherapeutics. 2016 Oct;13(4):824-832. doi: 10.1007/s13311-016-0442-6. PMID: 27215218; 
PMCID: PMC5081109.

37 Yamamura T, Kleiter I, Fujihara K, Palace J, Greenberg B, Zakrzewska-Pniewska B, Patti F, Tsai CP, Saiz A, Yamazaki H, 
Kawata Y, Wright P, De Seze J. Trial of Satralizumab in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019 
Nov 28;381(22):2114-2124. doi: 10.1056/NEJMoa1901747. PMID: 31774956.



38 Reincke SM, von Wardenburg N, Homeyer MA, Kornau HC, Spagni G, Li LY, Kreye J, Sánchez-Sendín E, Blumenau S, 
Stappert D, Radbruch H, Hauser AE, Künkele A, Edes I, Schmitz D, Prüss H. Chimeric autoantibody receptor T cells 
deplete NMDA receptor-specific B cells. Cell. 2023 Nov 9;186(23):5084-5097.e18. doi: 10.1016/j.cell.2023.10.001. 
Epub 2023 Nov 1. PMID: 37918394.

39 Lim JA, Lee ST, Moon J, Jun JS, Kim TJ, Shin YW, Abdullah S, Byun JI, Sunwoo JS, Kim KT, Yang TW, Lee WJ, Moon HJ, 
Kim DW, Lim BC, Cho YW, Yang TH, Kim HJ, Kim YS, Koo YS, Park B, Jung KH, Kim M, Park KI, Jung KY, Chu K, Lee SK. 
Development of the clinical assessment scale in autoimmune encephalitis. Ann Neurol. 2019 Mar;85(3):352-358. doi: 
10.1002/ana.25421. Epub 2019 Feb 10. PMID: 30675918.

40

Table-1: Clinical trials in autoimmune encephalitis:

EXTINGUISH

NCT04372615

LEGIONE

NCT04875975

CIELO

NCT05503264

GENERATE-

BOOST

NCT03993262

Design Phase-2b 

randomized 

double-blind 

placebo-controlled

Phase-2 

randomized 

double-blind 

placebo-

controlled

Phase-3 randomized 

double-blind placebo-

controlled, basket

Phase-2 

randomized 

double-blind 

placebo-

controlled

Intervention Inebilizumab Rozanolixizumab Satralizumab Bortezomib

MOA Anti-CD19 Anti-neonatal Fc 

receptor: 

reduction of IgG 

Anti-IL6 receptor Proteasome 

inhibitor, depletes

plasma cells



MOA: mechanism of action, CD19: cluster of differentiation 19, Fc: fragment crystallizable, IgG: immunoglobulin G, IL6:

interleukin 6, NMDAR: N-methyl-D-aspartate receptor, AE: autoimmune encephalitis, LGI1: Leucine-rich glioma 

inactivated 1, mRS: modified Rankin scale, CASE: clinical assessment scale for autoimmune encephalitis, GCS: Glasgow 

coma scale, MMSE: mini mental state examination, MoCA: Montreal cognitive assessment. * mRS change is penalized 

for the use of rescue therapy.

Table-2: Challenges, current mitigation strategies, and future directions for autoimmune encephalitis clinical trials:

Challenges Current mitigation strategies Suggested future directions 

Low enrollment: - Multicenter study 

design (ExTINGUISH, 

LEGIONE, CIELO, 

GENERATE-BOOST).

- International study sites

(ExTINGUISH, LEGIONE, 

CIELO).

- Allowing adolescent 

patients (ExTINGUISH, 

CIELO).

- Allowing probable 

NMDAR-antibody 

encephalitis patients in 

areas without reliable 

antibody testing 

capability (CIELO).

- Allowing enrollment of 

pediatric AE patients 

below the age of 12. 

- Expanding neuronal 

antibody testing in 

underserved areas. 

- Identification of 

potential trial 

candidates at 

neuroimmunology labs. 

- Regional centralization 

of recruitment with 

preplanned strategies 

for regional case 

referrals. 

- Involvement of centers 

and organizations with 

infectious encephalitis 

initiatives and programs

(e.g., the WHO). 

- Inclusion of chronic 

symptomatic AE 

patients in therapeutic 

and/or rehabilitative 



NMDAR: N-methyl-D-aspartate receptor, WHO: world health organization, AE: autoimmune encephalitis,IVIg: 

intravenous immunoglobulins,  mRS: modified Rankin scale, CASE: clinical assessment scale for autoimmune 

encephalitis


