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A New Hose to Extinguish the FIRES?

Tocilizumab Treatment for New Onset Refractory Status Epilepticus

Jun JS, Lee ST, Kim R, Chu K, Lee SK. Ann Neurol. 2018;84(6):940-945. doi:10.1002/ana.25374.

We investigated the therapeutic potential of the interleukin-6 receptor inhibitor tocilizumab in 7 patients with new-onset
refractory status epilepticus (NORSE) who remained refractory to conventional immunotherapy with rituximab (n ¼ 5) or
without rituximab (n ¼ 2). Status epilepticus (SE) was terminated after 1 or 2 doses of tocilizumab in 6 patients with a median
interval of 3 days from the initiation. They had no recurrence of SE during the observation. However, 2 patients experienced
severe adverse events related to infection during the tocilizumab therapy. Further prospective controlled studies are
warranted to validate the efficacy and safety of tocilizumab in patients with NORSE.

Commentary

New-onset refractory status epilepticus (NORSE) is a clinical

presentation, not a specific diagnosis, in a patient without

active epilepsy or other preexisting relevant neurological dis-

order who has NORSE without a clear acute or active struc-

tural, toxic, or metabolic cause.1 When preceded by a febrile

infection, it is referred to as febrile infection–related epilepsy

syndrome (FIRES).1

The pathophysiology of FIRES and NORSE is largely

unknown. Thorough investigations of etiology are often unre-

vealing, with a clear cause, mostly autoimmune encephalitis,

being disclosed in only half of cases.2 The occurrence of a mild

febrile illness days prior to the onset of status epilepticus (SE)

suggests that cryptogenic cases might be a postinfectious syn-

drome. This hypothesis is further supported by the fact that

children with FIRES exhibit very high levels of cytokines,

including interleukin (Il)-6, in the serum and, even more so,

in the cerebrospinal fluid (CSF).3 Another study identified an

association between FIRES and polymorphisms in the IL-1

receptor antagonist gene.4

These findings have generated an interest in the use of

immune therapies in cryptogenic NORSE and FIRES. How-

ever, conventional immune approaches such as steroids, intra-

venous immunoglobulins, and plasma exchange have been

disappointing.5 The ketogenic diet, which possesses anti-

inflammatory effects, appears more efficacious.6 More

recently, the successful use of anakinra in a single case report

has rekindled this interest.7

Tocilizumab is a humanized monoclonal antibody against

the IL-6 receptor. It is currently used mainly for the treatment

of rheumatoid arthritis, systemic juvenile idiopathic arthritis,

and giant cell vasculitis. It has also been tried in cytokine

release syndrome and antibody-mediated encephalitis.

In this retrospective observational case series, the authors

report the use of tocilizumab in 7 adult patients with NORSE.

One case was attributed to anti-N-methyl-D-aspartate receptor

antibodies but the others remained cryptogenic despite an

extensive standardized workup. As is typically the case in

NORSE, all patients had a prolonged course of SE ranging

from 16 to 75 days (median: 30 days) requiring ICU admission

and failed to respond to multiple anti-seizure medications

(median: 6; range: 5-7) and up to 3 anesthetic drugs. According

to a local clinical protocol, patients received a standardized

regimen of conventional immune therapies, consisting of intra-

venous (IV) steroids and IV immunoglobulins, and in some

cases rituximab. Tocilizumab was started if SE persisted

despite the combination of these immune therapies with anti-

seizure medications and anesthetics, after a median of 25 days

after SE onset. It was given at a dosage of 4 mg/kg once a week

for 2 weeks, a regimen similar to what is used in cytokine

release syndrome. Administration of tocilizumab was followed

by SE termination in all but one case, with a latency period of 2

to 10 days, during which no other change in treatment was

made. Adverse events occurred in 5 patients. Three developed

leukopenia and 2 developed severe infections. Although these

adverse events could be attributed to tocilizumab—the Federal

Drug Administration issued a black box warning of life-

threatening infections—they are also frequently observed in

patients with refractory SE who do not receive tocilizumab

or any other immune therapies.2 They are also more likely to
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occur when other immune therapies, including steroids, are

combined with tocilizumab. Closely monitoring for early signs

of infection is an important component of the critical care of

patients with refractory SE.

Outcome in this series was not substantially different from

prior series, with only 3 patients achieving fair or good out-

come, thus questioning the impact of tocilizumab on functional

outcome. However, as pointed out by the authors, their series

may have been biased toward severe and prolonged cases.

Interestingly, patients with good or fair outcome had a non-

significantly shorter duration of SE before tocilizumab (median

¼ 11 days vs 42 days), suggesting that early treatment with

tocilizumab may result in better functional outcomes, echoing

similar observations that were recently made with other

immune therapies in this setting.8,9

Although the findings of this observational study await con-

firmation, ideally in a randomized controlled trial, they further

highlight the key role of inflammation in NORSE and FIRES.

The authors confirmed prior reports of abnormally high

levels of cytokines—in particular IL-6 and tumor necrosis fac-

tor-a—in the CSF and serum of affected patients.

Interleukin-6 is an important mediator of the acute phase

response and of the transition from innate to acquired immu-

nity.10 Among other functions, it is required for B- and T-cell

activation and recruitment, in part by regulating the expression

of multiple cytokines and chemokines. It crosses the blood–

brain barrier and is expressed peripherally and in the central

nervous system. Its receptor is expressed by neurons. Its effect

on seizures and seizure susceptibility is not yet fully elucidated,

as pro- and anticonvulsant has been reported in various animal

models. Further, seizures themselves can increase IL-6 levels

in the CSF. So it is unclear if IL-6 itself is responsible for the

development of SE in NORSE and FIRES. However, given its

pivotal pro-inflammatory role, it might be operating upstream

of other cytokines, such as IL-1b, which have clear direct pro-

convulsant effects, and might act as an amplifying factor in a

positive feedback loop between inflammation and seizures.

Another puzzling point that requires elucidation is that tocili-

zumab, as well as anakinra, poorly cross the blood–brain bar-

rier, suggesting that their primary site of action—and the onset

of NORSE and FIRES—is outside the central nervous system.

Clearly, much still needs to be elucidated of the mechanisms

of these rare but devastating conditions. A clinical registry with

a biobank is currently run by the Critical Care EEG Monitoring

Research Consortium (https://www.acns.org/research/critical-

care-eeg-monitoring-research-consortium-ccemrc) and the

NORSE Institute (http://www.norseinstitute.org/) and might

provide more information in the near future. In the meanwhile,

this study brings hope for an effective treatment of NORSE and

also serves as a reminder that seizures in RSE are often the

symptoms of an underlying disorder that might require specific

interventions beyond anti-seizure medications.

By Nicolas Gaspard

References

1. Hirsch LJ, Gaspard N, van Baalen A, et al. Proposed consensus

definitions for new-onset refractory status epilepticus (NORSE),

febrile infection-related epilepsy syndrome (FIRES), and related

conditions. Epilepsia. 2018;59(4):739-744.

2. Gaspard N, Foreman BP, Alvarez V, et al. New-onset refractory

status epilepticus: etiology, clinical features, and outcome.

Neurology. 2015;85(18):1604-1613.

3. Sakuma H, Tanuma N, Kuki I, Takahashi Y, Shiomi M, Hayashi

M. Intrathecal overproduction of proinflammatory cytokines and

chemokines in febrile infection-related refractory status epilepti-

cus. J Neurol Neurosurg Psychiatry. 2015;86(7):820-822.

4. Saitoh M, Kobayashi K, Ohmori I, et al. Cytokine-related and

sodium channel polymorphism as candidate predisposing factors

for childhood encephalopathy FIRES/AERRPS. J Neurol Sci.

2016;368:272-276.

5. Gaspard N, Hirsch LJ, Sculier C, et al. New-onset refractory

status epilepticus (NORSE) and febrile infection-related epilepsy

syndrome (FIRES): State of the art and perspectives. Epilepsia.

2018;59(4):745-752.

6. Nabbout R, Mazzuca M, Hubert P, et al. Efficacy of ketogenic

diet in severe refractory status epilepticus initiating fever induced

refractory epileptic encephalopathy in school age children

(FIRES). Epilepsia. 2010;51(10):2033-2037.

7. Kenney-Jung DL, Vezzani A, Kahoud RJ, et al. Febrile infection-

related epilepsy syndrome treated with anakinra. Ann Neurol.

2016;80(6):939-945.

8. Gall CR, Jumma O, Mohanraj R. Five cases of new onset refrac-

tory status epilepticus (NORSE) syndrome: outcomes with early

immunotherapy. Seizure. 2013;22(3):217-220.

9. Khawaja AM, DeWolfe JL, Miller DW, Szaflarski JP. New-onset

refractory status epilepticus (NORSE)—The potential role for

immunotherapy. Epilepsy Behav. 2015;47:17-23.

10. Mazarati AM. Cytokines: a link between fever and seizures.

Epilepsy Curr. 2005;5(5):169-170.

Commentary 87



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


