RESEARCH ARTICLE

Brexanolone as Adjunctive Therapy in
Super-Refractory Status Epilepticus

Eric S. Rosenthal, MD ®," Jan Claassen, MD, PhD,?
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Objective: Super-refractory status epilepticus (SRSE) is a life-threatening form of status epilepticus that continues or
recurs despite 24 hours or more of anesthetic treatment. We conducted a multicenter, phase 1/2 study in SRSE
patients to evaluate the safety and tolerability of brexanolone (USAN; formerly SAGE-547 Injection), a proprietary,
aqueous formulation of the neuroactive steroid, allopregnanolone. Secondary objectives included pharmacokinetic
assessment and open-label evaluation of brexanolone response during and after anesthetic third-line agent (TLA)
weaning.
Methods: Patients receiving TLAs for SRSE control were eligible for open-label, 1-hour brexanolone loading infu-
sions, followed by maintenance infusion. After 48 hours of brexanolone infusion, TLAs were weaned during brexano-
lone maintenance. After 4 days, the brexanolone dose was tapered. Safety and functional status were assessed over
3 weeks of follow-up.
Results: Twenty-five patients received open-label study drug. No serious adverse events (SAEs) were attributable to
study drug, as determined by the Safety Review Committee. Sixteen patients (64%) experienced >1 SAE. Six patient
deaths occurred, all deemed related to underlying medical conditions. Twenty-two patients underwent >1 TLA wean
attempt. Seventeen (77%) met the response endpoint of weaning successfully off TLAs before tapering brexanolone.
Sixteen (73%) were successfully weaned off TLAs within 5 days of initiating brexanolone infusion without anesthetic
agent reinstatement in the following 24 hours.
Interpretation: In an open-label cohort of limited size, brexanolone demonstrated tolerability among SRSE patients
of heterogeneous etiologies and was associated with a high rate of successful TLA weaning. The results suggest the
possible development of brexanolone as an adjunctive therapy for SRSE requiring pharmacological coma for seizure
control.
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Status epilepticus (SE) is a life-threatening condition
that involves persistent or recurring seizures." Patients
with recurrent seizures after first-line emergency treatment
are commonly administered second-line antiepileptic drugs
(AEDs).” Patients who fail to respond to second-line
agents are said to have refractory SE (RSE) and are com-
monly administered continuous intravenous (IV) anes-
thetic third-line agents (TLAs).” Super-refractory status
epilepticus (SRSE) is a life-threatening form of status epi-
lepticus that continues or recurs despite 24 hours or more

of TLA treatment.” Experimental evidence supports that
SE becomes more refractory with time,” and achieving res-
olution of seizures and return of consciousness takes longer
with SRSE than with RSE or SE.*

A major concern for current treatments is the lack of
clinical evidence for treatment outcomes.”® Between
26.6% and 36.6% of patients with SE fail to respond to
the administration of first-line agents,”® of which approxi-
mately 23% also fail second-line agents” and 10% to 15%

fail TLAs,'? thus progressing to SRSE. Approximately one
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FIGURE : Clinical study design showing brexanolone administration and patient evaluation time points for open-label phase 1/

2 study.

third of patients with RSE or SRSE die,”™'" one third
recover, typically with neurological or other deficits, and

5

one third return to baseline.>® A retrospective study
revealed that 76.2% of discharged patients with an in-
hospital diagnosis of RSE had a poor functional outcome
as defined by modified Rankin score."'

Allopregnanolone is a potent, endogenously pro-
duced neuroactive steroid that acts as a positive allosteric
modulator (PAM) on a broad range of y-aminobutyric
acid type A receptor (GABAR) isoforms'>™'

throughout the brain, including those that mediate either

expressed

phasic or tonic inhibition."” ™" Extrasynaptic receptors
containing the J-subunit that mediate tonic inhibition
are particularly sensitive to modulation by neuroste-
roids.'® The robust effects of allopregnanolone on multi-
ple GABA4 receptor populations in vitro produces a
potent regulation of cortical function, especially under
conditions of hyperexcitability.*’

Allopregnanolone has demonstrated significant pro-
tection against seizures in several animal models.'>'®?!
Continuous allopregnanolone IV administration in two
murine seizure models predict that anticonvulsant effects
should occur at plasma concentrations within the range
of 37 to 142ng/ml.**** Short infusions of allopregnano-
lone that result in plasma concentrations that range from
9.4 to 25.1ug/ml (30 and 80uM) for up to 90 minutes
have been previously reported to cause anesthesia in rats,
without notable heart or respiratory rate effects.”*?

In addition to the preclinical evidence, three recent
case studies report the successful treatment of SRSE with
brexanolone (USAN; formerly SAGE-547 Injection; Sage
Therapeutics, Inc., Cambridge, MA), a proprietary for-
mulation of allopregnanolone, in human patients.”>*’
Given the evidence suggesting potential benefits of allo-
pregnanolone in treating SRSE, the objectives of the pre-

sent study were to evaluate the safety and tolerability,
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pharmacokinetics (PK), and response to brexanolone in a

cohort of patients with SRSE.

Materials and Methods
Study Design

This open-label, uncontrolled phase 1/2 study of brexanolone
(547-SSE-201) in the treatment of SRSE comprised a 24-hour
screening period, a 4-day treatment period (96 hours), a 1-day
dose taper period (24 hours), a 2-day acute follow-up period, and
a 3-week extended follow-up period (days 8, 15, 22, and 29; Fig).
The study population consisted of adults and children aged >2
years diagnosed with SRSE who previously underwent therapy
with IV TLA(s) for >24 hours to achieve seizure or burst suppres-
sion. For this study, SRSE was defined by the following criteria

and in accord with those used at major epilepsy treatment centers’:

o Failure to respond to the administration of at least one first-
line agent (eg, benzodiazepine or other emergent initial treat-
ment), according to primary standard of care, and

o Failure to respond to at least one second-line agent (eg, phe-
nytoin, fosphenytoin, valproate, phenobarbital, levetiracetam,
or other urgent control treatment), according to primary
standard of care, and

e Failure to be weaned off of TLA(s), or presence of one or more
breakthrough seizures >6 hours after initiation of at least one
TLA (e.g., pentobarbital, midazolam, or propofol) that had to
be titrated up to burst suppression or seizure suppression (ie,
to include those patients who, despite maximal treatment,

were unable to be seizure or burst suppressed).

Specifically, failure to respond to TLAs (criterion #3
above) was allowed in diagnoses at all sites when breakthrough
seizures occurred during active infusion of TLAs >6 hours after
initiation, for example, requiring addition of two TLAs for sei-
zure control. If seizures initially abated during active infusion
of an TLA, SRSE could alternatively be diagnosed if seizures
recurred upon weaning a TLA after 24 hours of administering
the TLA. This definition differs somewhat from a recent defini-
tion of Shorvon et al,> in that SRSE was allowed to be
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TABLE 1. Patient Eligibility

Inclusion Criteria

® >2 years of age

e EEG-confirmed SRSE diagnosis under concomitant IV
TLA treatment for >24 hours

e Failure to control seizures after >6 hours on TLAs

e Failure to be weaned from TLAs after >24 hours

line agent.

EEG = electroencephalogram; ECG = electrocardiogram; SRSE = super-refractory status epilepticus; IV = intravenous; TLAs = anesthetic third-

Exclusion Criteria

e Pregnant or lactating

e Known allergies to progesterone or allopregnanolone

o SRSE attributed to anoxic/hypoxic encephalopathy

o Children (patients <18 years) with an encephalopathy
attributed to an underlying progressive neurological disorder

Clinically significant ECG abnormalities

Significant medical or surgical condition that could

compromise vital organ systems, or other conditions that

could place the patient at increased risk

e Patients who receive IV treatment for seizure or burst
suppression, which would require more than 24 hours to
wean

o Patients who have been exposed to other investigational

medications or devices within 30 days

o Patients previously enrolled in the trial

diagnosed in patients in whom seizure activity persisted despite
TLA administration, making them clinically inappropriate for a
wean. As such, this SRSE definition incorporates other versions
of the SRSE definition promulgated by Shorvon and Trinka
defining SRSE as “the stage reached when the seizures are eizher
not controlled by initial anesthesia or recur after initial con-
trol.”?® Patients in whom SRSE achieved at least seizure sup-
pression upon TLA administration nevertheless required 24
hours of TLA administration preceding a wean.”

After approval by a local hospital-based institutional
review board, written informed consent by a legally authorized
representative was obtained before commencement of any
study-related procedures not considered standard of care.
Patient eligibility based on inclusion and exclusion criteria was
confirmed by the clinical investigator and medical monitor
(Table 1). A safety review committee (SRC), which included
independent, noninvestigator, nonsponsor, critical care special-
ists in addition to sponsor representatives, reviewed safety, treat-
ment response, and PK data for each patient after treatment
with brexanolone and determined whether the study could con-
tinue as planned. Serious adverse events (SAEs) were reported

to the SRC on an ongoing basis throughout the study.

Treatment and Procedures
Assessments and laboratory samples were collected from pro-
spective patients during the screening period in order to deter-
mine eligibility. All patients were in a pharmacologically
induced coma and were being treated with TLAs.

A 5-day infusion of brexanolone was added to primary
standard-of-care treatment for SRSE. Brexanolone is a solution

of 5mg/ml allopregnanolone in 250mg/ml of sulfobutylether-
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beta-cyclodextrin (Ligand Pharmaceuticals, Inc., La Jolla, CA)
diluted in sterile water for injection and administered intrave-
nously. Brexanolone was administered in the form of a loading
dose (286.64g/kg for 1 hour), followed by a 4-day maintenance
infusion (86 or 156ug/kg/h).

The standard maintenance infusion rate of brexanolone
to be studied in this trial was chosen to achieve a mean allo-
pregnanolone exposure of approximately 47ng/ml. This is
equivalent to the highest endogenous concentrations measured
during pregnancy (approximately 50ng/ml during the third tri-
mester),”” which is well tolerated by women without apparent
adverse events (AEs). The brexanolone dose selected to achieve
this target concentration was 86ug/kg/h, which is considered
the standard maintenance dose.

The high maintenance dose was targeted to produce
plasma concentrations of approximately 94ng/ml and was mod-
eled to achieve 156ug/kg/h. This high-dose regimen was initiated
after safety and tolerability of the standard dose regimen were
reviewed. The plasma concentrations observed with the standard
and high-dose regimens of brexanolone are in line with the range
suggested by PK modeling (data on file; Sage Therapeutics, Inc.).

The initial loading dose and first 48 hours of brexano-
lone maintenance served to assess safety and assure that seizure
activity remained controlled. If the patient’s seizure activity was
controlled with no SAEs requiring study drug discontinuation,
the TLA was weaned per hospital standard of care after 48
hours of the maintenance infusion of brexanolone (ie, study
day 3; Fig), which was then continued for the remainder of the
96-hour treatment period to assess the ability of brexanolone to
maintain seizure suppression. Continuous electroencephalogram

(EEG) monitoring was used to determine whether the seizure
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activity had stopped. If significant seizure activity resumed
while weaning off the TLA, the patient was treated as medically
appropriate, with resumption of a concomitant TLA if needed.
Repeated weaning attempts were encouraged, if medically
appropriate. After 96 hours (4 days) of therapy with brexano-
lone, the dose was tapered and discontinued over 24 hours. If,
at any time during the study, the clinical investigator deter-
mined that brexanolone treatment should be terminated, the
24-hour taper would have occurred immediately.

Attempts to wean the patient from TLA(s) were made on
days 3 and 4 during the maintenance infusion (Fig). Primary
standard-of-care treatment for SRSE and ongoing treatment(s)
for all underlying medical conditions were given concomitantly
with brexanolone treatment in all patients. All patients receiving
treatment with brexanolone were followed up with study assess-
ments to day 29.

The prespecified primary outcomes included safety and
tolerability measures, including monitoring of treatment-
emergent AEs, vital signs, physical exam, 12-lead electrocardio-
gram (ECG), and clinical laboratory values (serum chemistry,
hematology, and urinalysis). Safety outcomes, including AEs,
were evaluated throughout the course of the study (screening
through day 29). The safety population, defined as all patients
who had an infusion of brexanolone initiated, was used to sum-
marize all disposition, baseline characteristic, and safety data.

The prespecified secondary response outcomes were based
on the response assessment population, defined as all patients
who completed the brexanolone infusion and who had at least
one TLA wean attempt before the start of the taper of brexano-
lone. Key response measures included treatment response and
duration of response. Responders were defined as all patients
for whom the wean attempt was successful and reinitiation of
TLA(s) for seizure control during administration of the brexa-
nolone maintenance dose was not required. The PK population
was defined as all patients who received the study drug and had
at least one sample taken for PK analysis. PK modeling was
performed by an independent clinical research organization
(Covance, Dedham, MA).

Outcomes were evaluated over the 5-day treatment and
the 3-week follow-up period, with baseline scores (as applicable)
established during the screening period. Status Epilepticus
Severity Score (STESS; range of 0-6), a validated tool for sys-
tematic evaluation of the outcome of SE patients, was tabulated
by survival endpoints.”® Functional status of patients was moni-
tored using Modified Rankin Scale-9Q (mRS-9Q; range of 0—
5),°! Clinical Global Impression-Severity/Improvement (CGI-S/
CGI-L; range of 1-7),%* Richmond Agitation-Sedation Scale
(RASS; adults only; range of -5 to 4,33 Glasgow Coma Scale
(GCS; range, 3-15),>* and the National Institutes of Health
Stroke Scale (NIHSS; range of 0-42)% scores.

Recurrence of SE for patients successfully weaned off
TLA(s), but subsequently requiring reinitiation of any TLA
treatment following conclusion of the brexanolone treatment
regimen was monitored, along with plasma allopregnanolone
concentration and overall survival during the 29-day study
period. Response data were summarized at each time point
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collected. For all data, the visit or start date was used to calcu-
late study day, defined according to the number of hours post-
initiation of brexanolone infusion. The first 24-hour

brexanolone infusion administration was considered day 1.

Statistical Analysis

The safety population, defined as all subjects who received an
infusion of brexanolone, was used to summarize patient disposi-
tion, baseline demographics and characteristics, and safety data.
The response assessment population, defined as all subjects who
completed brexanolone infusion and had at least one attempt
to wean the TLA(s) before the start of the taper of brexanolone
infusion, was used to summarize all response variables.

No imputation process was used to estimate missing
data. Baseline values were defined as the last observed value
before initiation of brexanolone infusion. No formal statistical
testing was performed. Outcome variables and changes from
baseline were summarized at each time point and at the end of
treatment observation by dose regimen using descriptive statis-
tics. For continuous outcome measures, descriptive statistics
included the number of subjects (n), mean, standard deviation
(SD), and range, whereas n and percentage (%) were included

for categorical/binary variables

Results

Patient Characteristics and Demographics
Twenty-five (25) eligible patients with confirmed diagno-
ses of SRSE by study criteria were enrolled at 12 of 18
open sites (Table 2). Although the SRSE study criteria
differed slightly from the SRSE definition proposed by
Shorvon et al by allowing for either failure upon a wean
following 24 hours of TLA administration or alterna-
tively persistent seizure activity despite ongoing TLA
efforts at seizure suppression (see Materials and Meth-
ods), enrolled subjects had a mean duration of SRSE at
baseline of 6.1 days (range, 1, 19).> The underlying eti-
ologies of SRSE included cerebral meningitis or encepha-
litis (n = 6; 24%); intracranial hemorrhage (n = 4;
16%); worsening of a known seizure disorder and idio-
pathic causes (n = 3; 12% each); unknown causes (n =
3; 12% each); primary/metastatic brain tumors and toxic
ingestion (n = 2 each; 8%); and anti-/V-methyl-D-aspar-
tate receptor (anti-NMDA-R) encephalitis, stroke, sickle
cell anemia, posterior reversible encephalopathy syn-
drome (PRES), and lupus (n = 1 each; 4%). All patients
had been treated with TLAs, which included a history of
midazolam, pentobarbital, propofol, and ketamine, or
combinations thereof (Table 2).

Safety and Tolerability

Safety was evaluated in all 25 participating patients. Mean
overall duration of persistent or recurring seizures at base-
line was 9.2 days (SD, 5.7; range, 3—20; Table 2). Patients
entered the study with SRSE because of a range of
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TABLE 2. Summary of Baseline Demographics and Clinical Characteristics
Patient Profile Mean SD Range n/N (%)
Sex
Male — — — 16/25 (64.0)
Female — — — 9/25 (36.0)
Intubated — — — 25/25 (100)
Age, y 47.6 19.52 10, 76 25/25 (100)
Overall duration, days 9.2 5.70 3, 20 25/25 (100)
SE 2.2 2.30 1, 12 25/25 (100)
RSE 3.0 2.63 1,13 25/25 (100)
SRSE 6.1 5.16 1, 19 25/25 (100)
NIHSS total score 33.4 4.87 20, 38 25/25 (100)
STESS total score 3.4 1.00 1,5 25/25 (100)
GCS total score 3.8 1.65 3, 10 24/25 (96)
RASS score 4.8 0.49 -5, -3 23/25 (92)
mRS-9Q score 5.0 0.00 5 5 24/25 (96)
CGI-S score 6.9 0.28 6,7 25/25 (100)
Past wean attempts 2.0 1.97 0, 8 25/25 (100)
TLA History” (Safety Population; N = 25) Standard Dose High Dose Total Total %
Ketamine 4 0 4 16
Midazolam 13 4 17 68
Pentobarbital 6 3 9 36
Propofol 16 4 20 80
SD = standard deviation; CI = confidence interval; SE = status epilepticus; RSE = refractory status epilepticus; SRSE = super-refractory status
epilepticus; NIHSS = National Institutes of Health Stroke Scale; STESS = Status Epilepticus Severity Score; GCS = Glasgow Coma Scale; RASS
= Richmond Agitation-Sedation Scale; mRS-9Q = Modified Rankin Scale-9Q; CGI-S = Clinical Global Impression-Severity.
*Current episode of SE.

etiologies and exhibited a number of additional comorbid-
ities (Table 3). Additionally, at baseline, all patients were
in a medically induced anesthetic coma and were receiving
multiple medications, with an average of 12.9 total con-
current medications (range, 2—14), including an average of
3.0 AEDs (range, 1-5) and 1.4 TLAs (range, 1-2; Table
3). Twenty-three patients completed the treatment period.
Six patients died during the study and 4 patients died after
completing the brexanolone treatment, in each case from
causes related to underlying medical conditions and inde-
pendent of treatment. The cause of death for the 2 patients
who died before completion of treatment were metastatic
brain cancer after a decision by family to limit life-
sustaining therapies and fulminant cardiac sequelae of
organophosphate ingestion.
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SAEs reported in at least 2 individual patients were
respiratory failure, pulmonary embolism, sepsis, convul-
sion, cardiac arrest, and acute renal failure (Table 4). In
total, 16 patients (64%) experienced at least one SAE,
none of which were deemed by the sponsor and SRC
(which included independent, noninvestigator, nonspon-
sor, and critical care specialists) to be drug related in the
context of treatment by good clinical practice (GCP)
guidelines.

Treatment with brexanolone did not appear to have
a significant effect on vital signs such as heart rate and
systolic/diastolic blood pressure. A total of 207 AEs were
reported in 23 patients (92%). The most common AEs
(n > 4) were fever, hypotension, diarrhea, peripheral
edema, anemia, and blood urea nitrogen (BUN) increase

Volume 82, No. 3
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TABLE 3. Baseline Medical Diagnoses and Treatments® (N = 25)

SRSE Etiology

Infection

Intracranial hemorrhage

Decompensated seizures

Unknown

Primary/secondary brain tumor

Toxic ingestion

Anti-NMDA-R encephalitis

Lupus

Posterior reversible encephalopathy syndrome (PRES)

Sickle cell anemia

Stroke

Most Frequent Comorbid Conditions

Anemia
Hypotension
Convulsion

Hypertension

Drug hypersensitivity

Pneumonia

Pyrexia

Deep vein thrombosis

Subdural hematoma
Baseline” treatments

Total concurrent medications

Antiepileptic medications

TLAs
Baseline” AEDs

1-2

3-5
Baseline” TLAs

1

2

*Patients may have multiple diagnoses and baseline treatments.

PAt start of the brexanolone infusion.

AEDs = antiepileptic medications; anti-NMDA-R = anti-N-methyl-D-aspartate receptor (anti-NMDA-R); SRSE = super-refractory status epilepti-
cus; TLAs = anesthetic third-line agent.

[SSREE (SRR GV S N

17

15
10

% of Patients

24
16
12
12
8

8
4
4
4
4
4

% of Patients
44

40

36

36

28

28

28

24

24

Range

2-14

1-5

1-2

% of Patients
32.0

68.0

% of Patients
60.0

40.0
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TABLE 4. Most Frequent Adverse Events (AEs)
and Serious Adverse Events (SAEs) (N = 25)
AEs (over 10%) n % of Patients
Pyrexia 5 20
Anemia 4 16
Blood urea increased 4 16
Diarrhea 4 16
Hypotension 4 16
Edema peripheral 4 16
Convulsion 3 12
Decubitus ulcer 3 12
Deep vein thrombosis 3 12
Hematuria 3 12
Hypertension 3 12
Metabolic acidosis 3 12
Pneumonia 3 12
Respiratory failure 3 12
Sepsis 3 12
Sinus tachycardia 3 12
Urinary tract infection 3 12
SAEs" (over 8%) n % of Patients
Respiratory failure 3 12
Convulsion 2 8
Pulmonary embolism 2 8
Renal failure acute 2 8
Sepsis 2 8
“None assessed as drug related.

(Table 4). The relationships of AEs to study drug were
determined by the clinical investigators in the context of
ongoing patient care consistent with GCP guidelines.
Within these most common AEs, two events (fever and
BUN increase, in 1 patient each) were deemed by the
investigators to be “possibly related” to the administra-
tion of brexanolone, although both of these events
resolved without dose changes after occurring during
maintenance dosing.

Pharmacokinetics

Patients administered the standard dose regimen had an
average allopregnanolone concentration (C,,) of 66.2ng/
ml (SD, 21.93; range, 30.2-114.0), with an average
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maximum concentration (C,,) of 144.2ng/ml (SD,
65.26; range, 38.2-306.0). The area under the curve
(AUCQ) values for 24, 1 to 96, and 1 to 144 hours were
1,590, 6,290, and 7,680ng.h/ml, respectively. Patients
administered the high-dose brexanolone regimen had an
allopregnanolone C,, of 113.6ng/ml (SD, 42.08; range,
57.5-159.0), with a C,,, of 200.8ng/ml (SD, 71.00;
range, 80.9-267.0). AUC values for 24, 1 to 96, and 1
to 144 hours were 2,730, 10,800, and 14,300ng.h/ml,
respectively.

Treatment Response

The response assessment population included 22 patients,
of whom 16 received the standard dose regimen and 6
received the high-dose regimen of brexanolone. Reasons
for exclusion from the response assessment population
were failure to complete brexanolone treatment (2 afore-
mentioned patients who died from the inciting cause of
SRSE) and lack of a wean attempt of TLAs (1 patient
because of a protocol violation related to physician pref-
erence for a markedly extended duration of burst-sup-
pression). Within the response assessment population, 17
patients (77%) previously unable to be successfully
weaned off TLAs had a clinical response and were suc-
cessfully weaned off all TLAs during the brexanolone
maintenance phase. Of the 17 responders, 13 patients
received the standard brexanolone dose and 4 patients
received the high-dose brexanolone regimen. In addition,
16 patients (73%) were successfully weaned off TLAs
and brexanolone within 5 days of starting the brexano-
lone infusion without the need to reinstate anesthetic
agents in the following 24 hours. Among the 16
responders, 4 patients (23.5%) had recurrence of SE
within the 3-week extended follow-up period.

No differences in patient characteristics, underlying
treatments, or concomitant treatments were observed
across patients who were responders versus nonrespond-
ers. For example, among responders (n = 17), 10 were
male and 7 were female, 2 were aged <20 years and 15
were aged >20 years, and 4 were of black descent and
13 were of white descent. Among nonresponders, 3 were
male and 2 were female, 1 was aged <20 years and 4
were aged >20 years, and 1 was of black descent and 4
were of white descent.

Overall functional status improved in the response
assessment population, as measured by an assessment bat-
tery at follow-up day 29. Mean NIHSS, GCS, RASS,
mRS-9Q, and CGI-S scores improved by —17.8, +6.5,
+2.9, —0.9, and —2.9, respectively (Table 5). At screen-
ing, all patients had an mRS-9Q score of 5, and the
overall distribution of day 29 mRS-9Q scores was: zero:
no patients; one: 2 low dose, 0 high dose; two: 0 low
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TABLE 5. Summary of Measured Outcomes as

Changes From Baseline at Day 29
Mean (SD)

Assessment n Median Range

NIHSS total score 17 —17.8 (14.42) —16.0 —38,1
GCS total score 17 +6.5 (5.30) +7.0 =2, 12
RASS 17 +2.9 (2.14) +4.0 +0, 5
mRS-9Q 17 —0.9 (1.43) +0.0 —4,0
CGIL-S 18 —2.9 (2.01) —30 —6,0

SD = standard deviation; NIHSS = National Institutes of Health
Stroke Scale; GCS = Glasgow Coma Scale; RASS = Richmond
Agitation-Sedation Scale; mRS-9Q = Modified Rankin Scale-9Q;
CGI-S = Clinical Global Impression-Severity.

dose, 1 high dose; three: 1 low dose, 0 high dose; four: 2
low dose, 1 high dose; and five: 8 low dose, 2 high dose.

Discussion
This phase 1/2 study is the first clinical trial of brexano-
lone in the treatment of SRSE and demonstrates the fea-
sibility of studying novel therapeutic drug candidates in a
critically ill population with SRSE of various etiologies.
Results of this study demonstrate that IV administration
of the neuroactive steroid brexanolone was well tolerated
in a heterogeneous cohort of adults and children with
SRSE and was associated with successful weaning of
TLAs before the brexanolone taper in 77% of patients
undergoing at least one wean attempt despite past depen-
dence on pharmacologic coma for seizure control.

The mechanism of action of brexanolone, which is
a selective PAM of GABAAR, offers a novel mechanism
and therapeutic target for development as a potential
treatment for SRSE. Benzodiazepines are the current
first-line therapy for early and established SE. Similar to
allopregnanolone, benzodiazepines, such as midazolam,
act as PAMs of the GABAAR. Prolonged seizure activity
during SE leads to an activity-dependent internalization
and reduction in synaptic, benzodiazepine-sensitive
GABA, receptors,”® which may contribute to benzo-
diazepines’ inability to halt SE in SRSE patients.”®’

Extrasynaptic GABAARs, including those contain-
ing a4 and 6 subunits, however, do not internalize with
prolonged seizure activity and are believed to mediate
tonic inhibition.>®*° It has been shown in vitro (electro-
physiology using human receptors in Xenopus expression
system) and in animal models (whole-cell and extracellu-
lar recordings in murine hippocampal slice preparations)
that endogenous neuroactive steroid allopregnanolone
enhances both synaptic and extrasynaptic GABALR
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function,"®*! suggesting potential for modulation of
extrasynaptic GABAAR function in the treatment of
SRSE. Unlike benzodiazepines, the site of allopregnano-
lone binding to the GABAaR for PAM activity is on the
o subunit. Unlike benzodiazepines, which bind at the
interface between o and f subunits, the binding site for

allopregnanolone allows for modulation of both synaptic
GABAARs and extrasynaptic GABAARs, the latter not
being internalized during SE.!>16

Human clinical data for administration of exoge-
nous allopregnanolone have been limited to case reports,
most being in conscious subjects, in whom concentra-
tions up to 150nM produced feelings of sedation, intoxi-
cation, flushing, and mild headache, but with no severe
AEs reported.*”™ The first successful allopregnanolone
treatment of new-onset refractory SE syndrome was in
the treatment of SRSE in a 23-year-old man.*® After
multiple unsuccessful TLA wean attempts, the patient
received 24 hours of IV allopregnanolone after which the
ninth pentobarbital wean attempt was successful. Allo-
pregnanolone treatment was continued for 4 days, and
the patient achieved complete clinical seizure resolution
and was eventually discharged from the hospital.

Allopregnanolone infusion was subsequently re-
ported in the successful treatment of other pediatric and
adult SRSE cases?” An 11-year-old female was treated
with allopregnanolone after multiple days of treatment
and unsuccessful TLA wean attempts. Treatment resulted
in cessation of SE, cognitive improvement, and eventual
discharge.”® Another 2-year-old female received allopreg-
nanolone after multiple trials of AEDs and numerous
unsuccessful TLA wean attempts. After treatment with
allopregnanolone, TLAs were tapered over the next 24 to
72 hours, and allopregnanolone was continued for 4 days
and tapered on the fifth day. The patient remained free
of seizures over the next 12 subsequent days and was
eventually discharged.”> Another successful allopregnano-
lone treatment was reported in a 28-year-old adult male
with SRSE.”” After multiple days of treatment and
unsuccessful TLA wean attempts, the patient was given
allopregnanolone over 5 days. Starting at around 60
hours after the initial infusion through 7 days after allo-
pregnanolone was stopped, the EEG progressively resem-
bled normal waveform morphology. At 7 days, the
patient’s seizures recurred as primarily right temporal
seizures.”’

Limitations of the current study relate to the open-
label design, lack of control, small sample size, variation
in institutional guidelines for type and maximum dose of
AEDs and TLAs, and lack of standardization for treat-
ment goals for TLAs and their weaning. Nevertheless,
the high response rate in this study among patients with
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SRSE not previously responding to other treatments
stands in comparison to previous observational studies.
In a retrospective study of 42 patients with RSE and
SRSE, (s)-ketamine infusion for a median of 3 days
resulted in a survival rate of 54.8% and resolution of
SRSE in 64% of patients.*® Another retrospective case
series demonstrated a 57% control rate and 57% survival
rate when ketamine was administered in 58 subjects with
60 episodes, although no subject responded when keta-
mine was introduced 8 days beyond status epilepticus
onset, compared to a large proportion of patients in our
cohort responding after a 9.2-day mean duration of sta-
tus epilepticus before brexanolone administration.”” A
randomized, single-blind trial recruiting 24 patients dem-
onstrated a 43% response rate and 57% survival rate
among 14 patients assigned to propofol and a 22%
response rate and a 56% survival rate among 9 patients
assigned to barbiturates.”® Definitions and criteria for
SRSE can vary between studies, and each study’s unique
criteria should be considered in any comparison. In the
present study, the SRSE definition encompasses defini-
tions of Shorvon and Trinka, in which seizures occur
after 24 hours of TLA administration® as well as those in
which seizures continue despite ongoing TLA adminis-
tration.”® Nevertheless, the mean duration of SRSE at
baseline was 6.1 (range, 1, 19 days) among recruited sub-
jects, demonstrating that the population included
patients consistent with the definition proposed by Shor-
von et al. Several of the limitations of the present study
will largely be addressed in the ongoing SAGE-547
Treatment as Adjunctive Therapy Utilized in Status Epi-
lepticus (STATUS) Trial (NCT02477618), which is a
larger, randomized, placebo-controlled, multinational
phase 3 clinical trial in SRSE that utilizes clinical stan-
dardization of key elements of standard of care across the
participating sites.

Conclusions

The results of this study demonstrate that despite the
rare nature of SRSE and the variability of clinical treat-
ment, an interventional study in critically ill SRSE
patients is feasible, and brexanolone appears well toler-
ated in the sample of patients studied. Furthermore, this
open-label trial demonstrated the ability to observe the
clinical response of SRSE during and following brexano-
lone infusion; clinical improvement was observable
despite significant baseline neurological and systemic
morbidity, past refractoriness to multiple baseline AEDs,
and past dependence on one or more baseline TLAs for
seizure control. The data demonstrate that brexanolone
may offer a new approach as adjunctive therapy to TLAs
in the management of children and adults with SRSE.
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This hypothesis is being tested in a larger, controlled trial
that is currently ongoing in 15 countries.
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