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The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought New Drug Application 211371, brexanolone
for the treatment of postpartum depression, to this Advisory Committee in order to gain the
Committee’s insights and opinions. The background package may not include all issues relevant
to the final regulatory recommendation and, instead, is intended to focus on issues identified by
the Agency for discussion by the advisory committee. The FDA will not issue a final
determination on the issues at hand until input from the advisory committee process has been
considered and all reviews have been finalized. The final determination may be affected by
issues not discussed at the advisory committee meeting.
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1 DIVISION DIRECTOR MEMORANDUM

MEMORANDUM

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE:

October 4, 2018

FROM:

Mitchell V. Mathis, M.D.
Director
Division of Psychiatry Products, HFD-130

TO:

Members of the Psychopharmacologic Drugs Advisory Committee (PDAC) and
Drug Safety and Risk Management (DSaRM) Advisory Committee

SUBJECT:

November 2, 2018 Meeting of the PDAC

Introduction:
Brexanolone is a proprietary analogue of the endogenous human hormone allopregnanolone. It is
a new molecular entity not currently marketed anywhere in the world for any indication.
Brexanolone’s proposed indication is treatment of postpartum depression (PPD). Its mechanism
of action is unknown, but it appears to be a positive allosteric modulator of GABAA receptors
with a binding site distinct from benzodiazepines. It has been administered as a 60-hour
intravenous infusion including a titration to a target dose of 90 μg/kg/h and a taper. The
Applicant also studied a 60-hour infusion with a target dose of 60 μg/kg/h in one study and
showed effectiveness at that dose.
PPD is a major depressive episode with onset during pregnancy or within 4 weeks of delivery.
As with other forms of depression, it is characterized by sadness and/or anhedonia and may
present with symptoms such as cognitive impairment, feelings of worthlessness or guilt, or
suicidal ideation. Because of the risk of suicide, PPD is considered a life-threatening condition. It
also has profound negative effects on the maternal-infant bond and later infant development.
Although there are approved antidepressant medications, none is specifically approved for PPD
and there is little evidence of their efficacy for this condition.
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Evidence of brexanolone’s efficacy was derived from three studies: 547-PPD-202A, 202B, and
202C. The primary efficacy endpoint in these studies was change from baseline on the Hamilton
Depression Scale at 60 hours after the start of the brexanolone infusion. In all three trials,
brexanolone had a greater effect on the HAM-D than placebo.
The Agency’s major safety concern is the observed loss of consciousness/pre-syncope (LOC)
during the infusion (6 of 140 women exposed to brexanolone). After examining dose, timing of
dose, blood level, concurrent medications, available medical history, and patient characteristics
(e.g., age, body mass index) we observed no relationships of these variables to LOC events.
Because LOC can be abrupt, and there is no way to predict the event, the Agency did not feel the
risk could be mitigated solely through labeling. We therefore recommend implementing a risk
evaluation and mitigation strategy (REMS) to improve the safety of the drug product. Aside from
the risk of LOC, brexanolone appeared reasonably well-tolerated.
This PDAC meeting will focus on issues critical to the Center for Drug Evaluation and Research
(CDER) assessment of whether brexanolone is safe and effective.
The following are points under consideration:
1. Has substantial evidence been presented by the Applicant to support a claim of
effectiveness for brexanolone for the treatment of postpartum depression?
2. There is evidence that both a 60 μg/kg/h and a 90 μg/kg/h dose (after 24 hours) are
effective. Which dose should be the recommended dose?
• Start at 90 μg/kg/h with the option to decrease the dose to 60 μg/kg/h based on
tolerability
• Start at 60 μg/kg/h with the option to increase the dose to 90 μg/kg/h based on
response
3. Has the applicant adequately characterized the safety profile of brexanolone for the
treatment of postpartum depression? Do you believe the loss-of-consciousness events
have been characterized sufficiently to enable safe use of brexanolone?
4. Given the efficacy as presented, when used in a certified facility by qualified staff and as
outlined in the FDA’s proposed REMS, do the benefits outweigh the risks of brexanolone
for the treatment of PPD?
5. Discuss whether the FDA’s proposed REMS will ensure safe use of brexanolone. If no,
please provide what additional safeguards are needed.
6. What, if any, additional data are needed pre- or post-approval to support safe use of
brexanolone at home and address outstanding issues? Please be clear whether you believe
these data should be required prior to approval.
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2 Objective of Meeting and Overview of Development Program
2.1. Purpose
The purpose of this Advisory Committee meeting is to obtain input from the committee on
whether data provided by the applicant support a favorable benefit-risk profile of brexanolone
that would support approval.

2.2. Postpartum Depression
Post- or peripartum depression (PPD) is a major depressive episode with onset during pregnancy
or within 4 weeks of delivery. As with other forms of depression, it is characterized by sadness
and/or anhedonia and may present with symptoms such as cognitive impairment, feelings of
worthlessness or guilt, or suicidal ideation (see Table 1 for the diagnostic criteria for a major
depressive episode). Indeed, the most common cause of maternal death after childbirth in the
developed world is suicide.1 A depressive episode at this time in a woman’s life can not only
deprive her of the enjoyment of a new infant, but can have serious effects on the maternal-infant
bond and later infant development. Estimates place the prevalence of PPD in the United States at
approximately 12% of births.2
Table 1. Diagnostic Criteria for a Major Depressive Episode.3

A

B
C
D
E

1. Depressed mood most of the day nearly every day
2. Anhedonia most of the day nearly every day
3. Significant weight loss or gain
Five or more symptoms for
4. Insomnia or hypersomnia
2 weeks (one of which
5. Psychomotor agitation or retardation
must be either depressed
6. Fatigue or loss of energy
mood or anhedonia)
7. Feelings of worthlessness or excessive guilt
8. Diminished ability to think or concentrate; indecisiveness
9. Recurrent thoughts of death; suicidal ideation or attempt
Symptoms cause clinically significant distress or functional impairment
The episode is not attributable to the physiological effects of a substance or another
medical condition
The episode is not better explained by a psychotic illness
There has never been a manic or hypomanic episode

PPD is symptomatically indistinguishable from an episode of major depression. However, the
timing of its onset has led to its recognition as a potentially unique illness.
There are no drugs specifically approved to treat PPD. Drugs approved for the treatment of major
depression are used to treat PPD, but data on their effectiveness is limited. Non-drug treatments
such as electroconvulsive therapy (ECT), repetitive transcranial magnetic stimulation (rTMS),
and psychotherapy are also used. All available depression treatments show a delayed
effectiveness response. Antidepressant drugs take 4 to 6 weeks to demonstrate efficacy.
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Similarly, a course of ECT is typically twice per week for 4 or 5 weeks, rTMS is given daily for
4 to 6 weeks, and psychotherapy usually involves 8 to 20 weekly sessions.
Many hormones are neuroactive. Because of the changes in hormone concentrations during
pregnancy, they have been an attractive target for PPD investigations. The concentration of
allopregnanolone, an endogenous derivative of progesterone, increases during pregnancy,
reaches a peak during the third trimester, then abruptly falls after delivery. As recently reviewed
by McEvoy and colleagues,4 allopregnanolone is a potent GABA-ergic regulator. At low
concentrations, it acts as a positive allosteric modulator at synaptic and extrasynaptic GABAA
receptors—at high concentrations, it can directly stimulate them without GABA. Whereas
benzodiazepines increase chloride channel opening frequency and barbiturates increase the
duration of chloride channel opening, allopregnanolone does both.
As allopregnanolone levels rise during pregnancy, GABAA receptors are down-regulated.
Nevertheless, animal models have shown that the receptors return to previous levels within 48
hours of delivery. Because total allopregnanolone levels have not consistently correlated with
PPD, it is possible that the symptoms are more closely related to impairment in peripartum
GABA receptor up- or down-regulation (or even changes in receptor subunits) and not
necessarily to the abrupt decrease in allopregnanolone concentrations.
The Applicant hypothesized that, in women experiencing PPD, returning the allopregnanolone
concentration to that of the third trimester would ameliorate symptoms. Brexanolone dosing was,
therefore, based on returning women to pre-delivery levels of allopregnanolone. The initial
titration was intended to allow women to develop tolerance to the associated sedation. The taper
was meant to prevent withdrawal symptoms from a GABA-active agent. Because the Applicant
believed the dose was well-tolerated, they did not try to determine the minimally effective dose.
Because the dose was effective, they did not try to determine whether higher doses would be
more effective.

2.3. Product Under Review
Brexanolone (Applicant code name SAGE-547) is a proprietary analogue of the endogenous
human hormone allopregnanolone. It is a new molecular entity (NME) with the proposed
indication of treatment of PPD (once per episode). Although its mechanism of action is
unknown, it appears to be a positive allosteric modulator of GABAA receptors with a binding site
distinct from benzodiazepines. Brexanolone is available as a 5mg/mL solution in sulfobutyl ether
beta-cyclodextrin (Captisol), which is administered as an intravenous infusion over 60 hours.
Once mixed, the infusion is only stable for 12 h at room temperature and 24 h refrigerated. The
dose is weight- and time-based as follows (see also Figure 1):
• 4 hours at 30 μg/kg/hour
• 20 hours at 60 μg/kg/hour
• 28 hours at 90 μg/kg/hour
• 4 hours at 60 μg/kg/hour
• 4 hours at 30 μg/kg/hour
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Figure 1. Dose and Timing for Brexanolone Administration.

=New infusion bag required.

2.4. Regulatory Background
Brexanolone has not been approved or marketed in the United States. On June 17, 2014, the
Sponsor submitted Investigational New Drug (IND) application 122279 for brexanolone with the
intention of providing documentation to support the initiation of a phase 2a study entitled, “An
Open-Label Proof-of-Concept Study Evaluating the Safety, Tolerability, Pharmacokinetics, and
Efficacy of Sage-547 Injection in the Treatment of Adult Female Patients with Severe
Postpartum Depression.” The Division determined that the protocol was safe to proceed and sent
the May Proceed letter on July 31, 2014.
Brexanolone was granted Breakthrough Therapy Designation on August 23, 2016, for the
treatment of postpartum depression (PPD).
A meeting was held on November 2, 2016, with the Agency to discuss nonclinical and clinical
development plans to support product approval.
On October 20, 2017, the Division communicated an Agreed Initial Pediatric Study Plan, which
included plans to conduct a clinical study evaluating the efficacy, safety, tolerability, and
10

•
•
•

HAM-D: Separation from placebo began early in treatment
o 60 μg/kg/h 24 h after start of infusion
o 90 μg/kg/h 48 h after start of infusion
HAM-D Response (>50% reduction in score): Brexanolone superior to placebo at 60 h and at 30 days
HAM-D Remission (score ≤7): Brexanolone 60 μg/kg/h superior to placebo at 60 h

Agency Comment: Although Study 202B revealed a smaller effect than 202A, it was also larger
and completed at more sites (introducing increased variability). It initially appears as though the
60 μg/kg/h dose is more effective than the 90 μg/kg/h dose. However, the doses begin to separate
from each other during titration—when both groups were receiving the same dose—and, aside
from Hour 36, have overlapping standard errors. The higher dose, however, showed no
suggestion of a greater effect after 24 hours. The Agency would like input from the Committee on
recommended dosing.
The placebo-subtracted difference in HAM-D scores for both the 60 and 90 μg/kg/h doses (-5.5
and -3.7, respectively) are consistent with the efficacy results of other, approved antidepressants.
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Figure 3. Change over Time in HAM-D Total Score, Study 202B (Applicant Figure).

Source: Clinical Study Report Figure 9.

17

Figure 4. Change over Time in HAM-D Total Score, Study 202C (Applicant Figure).

Source: Clinical Study Report Figure 2.
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2.6. Safety of Brexanolone for Treatment of Postpartum Depression
2.6.1. Overarching Safety Issues
The Agency did not issue clinical holds for this development program. The review team
identified loss of consciousness as the primary safety concern related to this product. We
selected adverse events (AEs) for analysis that occurred during study drug infusion.
Randomization for 202B included two brexanolone arms. Therefore, the randomization ratio was
2 brexanolone:1 placebo for this study. Combining all brexanolone arms from 202B with the
brexanolone arms from 202A and C (which had 1:1 randomization ratios) raises the possibility of
Simpson’s Paradox. Therefore, data are presented for 60 and 90 μg/kg/h doses separately as well
as combined.
2.6.2. Deaths, Serious Adverse Events, and Adverse Events Leading to Premature
Withdrawal from the Studies
There were no deaths in this development program.
There were two serious adverse events (SAEs) in this development program.
(b) (6)
• Subject
, Study 202B, 60 μg/kg/h arm; 25-year-old white female: 2 days after
completing the infusion, she reported suicidal ideation and intentional overdose on
Percocet, Norco, and Flexaril. The patient informed her boyfriend of the overdose.
Acetaminophen levels in the emergency department were inconsistent with the reported
overdose amount (estimated fewer than five pills consumed). The emergency department
(b) (6)
noted the patient had a complex social situation
and believed she was “attention seeking.” The patient was not admitted.
(b) (6)
• Subject
, Study 202C, 90 μg/kg/h arm; 25-year-old white female: syncope/altered
state of consciousness (see Section 2.6.5: Loss of Consciousness for more details on this
subject).
(b) (6)

Agency Comment: The presentation of Subject
is consistent with borderline personality
disorder. While having borderline personality disorder does not preclude a concurrent
diagnosis of PPD, we believe the suicidal ideation and intentional overdose are much more
likely the result of a personality disorder than either the PPD or a drug effect.
Four patients discontinued study drug due to adverse events (AEs).
(b) (6)
• Subject
, Study 202B, placebo arm; discontinued study drug after 59 hours of
infusion due to infusion site extravasation.
(b) (6)
• Subject
, Study 202B, brexanolone 60 μg/kg/h arm; discontinued study drug after
57 hours of infusion due to infusion site pain.
(b) (6)
• Subjec
, Study 202C, brexanolone 90 μg/kg/h arm; discontinued study drug after
8 hours of infusion due to SAEs of syncope and altered state of consciousness.
(b) (6)
• Subject
, Study 202C, brexanolone 90 μg/kg/h arm; discontinued study drug after
37 hours of infusion due to vertigo and presyncope.
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2.6.4. Laboratory Studies, Electrocardiograms (EKGs), and Vital Signs
There were no detected relationships between brexanolone and any abnormal laboratory value.
There was one patient (Study 202B, brexanolone 90 μg/kg/h arm) who developed ALT and AST
elevations approximately seven times the upper limit of normal. The subject’s baseline ALT and
AST were clinically unremarkable (58 and 43 U/L, respectively). However, on Day 3, the
patient’s ALT was 373 and AST was 234 U/L. By Day 7 the AST had decreased to 51 U/L, but
the ALT remained elevated at 192 U/L. At Day 30, the ALT had decreased to 29. Throughout
this time, the patient’s bilirubin remained 8.6 to 14.3 μmol/L (within the normal range of 1.7 to
20.5 μmol/L). The patient’s alkaline phosphatase ranged from 89 to 117 U/L (within the normal
range of 30 to 140 U/L). This patient had no relevant medical history. In addition to brexanolone,
she was taking sertraline. There were no other patients with transaminase elevations.
Agency Comment: The case of liver enzyme elevations did not meet criteria for Hy’s Law (no
elevation of bilirubin). The patient was also taking sertraline—which has been associated with
rare instances of marked elevations in liver enzymes 2 to 24 weeks after starting the drug.5
Although there is no clear cause for this subject’s transaminase elevations, we believe the
sertraline is a more likely culprit than the brexanolone, which is an analogue of an endogenous
hormone.
There was no detected relationship between brexanolone and any EKG parameter. FDA’s QT
Interdisciplinary Review Team concluded:
No significant QTc prolongation effect of brexanolone (SAGE-547) treatment (a 5-hour
intravenous infusion starting at a rate of 60 μg/kg/h and increasing each hour to 90, 120,
150, and 180 μg/kg/h) was detected in TQT study 547-CLP-106. The largest upper bound
of the 2-sided 90% CI for the mean difference between brexanolone treatment and
placebo was below 10 ms, the threshold for regulatory concern as described in ICH E14
guidelines. The largest lower bound of the two-sided 90% CI for the ΔΔQTcF for
moxifloxacin was greater than 5 ms, and the moxifloxacin profile over time is adequately
demonstrated…indicating that assay sensitivity was established (p. 1; QT IRT Review
archived by Moh Jee Ng on July 26, 2018).
There was no detected relationship between brexanolone and pulse, blood pressure, or
respiratory rate. Only one patient (Study 202C, brexanolone 90 μg/kg/h arm) was orthostatic by
blood pressure criteria alone (standing heart rate was not measured). Other patients with postural
dizziness were not orthostatic. Brexanolone was not associated with a pattern of respiratory
distress (more respirations per minute than placebo) nor with respiratory depression (fewer
respirations per minute than placebo) in either Study 202B (Figure 5) or 202C (Figure 6). Pulse
oximetry was not recorded.
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Figure 5. Minimum and Maximum Respirations per Minute by Drug Assignment, Study 202B.
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Figure 6. Minimum and Maximum Respirations per Minute by Drug Assignment, Study 202C.
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In animal studies, there was no drug-effect on respiratory parameters at brexanolone exposures
6-times clinical exposure; however, some rats and dogs experienced respiratory changes in
acute 14-day general toxicology studies. Given that allopregnanolone can act on GABA
receptors in a manner similar to barbiturates, it is possible brexanolone could have respiratory
effects in humans as well. Although we did not observe changes in respiration rates during the
PPD-202 studies, the subject with apnea from the cardiac repolarization study illustrates the
Agency’s concern. In all LOC cases, the infusion was immediately halted and the patient
required no other intervention for recovery. However, we have no data on the potential outcomes
if an infusion was not halted after a patient lost consciousness. We do not know the exact nature
of the LOC events and if it would be possible to “lose consciousness” while the patient is
sleeping. Therefore, the Agency believes patients receiving the brexanolone infusion must be
continuously monitored with pulse oximetry (which will alarm if oxygen saturation falls to an
unacceptable level).
An abrupt loss of consciousness can be dangerous to the patient (e.g., falls, drowning) and to the
infant (e.g., drops, smothering). Therefore, the Agency believes the patient must be continuously
monitored and cannot function as her child(ren)’s primary care giver during the infusion.
Given the need for 24-hour monitoring during the infusion, the frequent need for dose/infusion
bag changes, and the need to evaluate a situation and determine if the infusion needs to be
stopped or additional help (emergency interventions) is required, we believe a health care
professional must be the patient’s monitor during infusions. We do not feel that use of a family
member or friend would ensure the needed continuous monitoring.
If brexanolone were approved, it would be in the best interest of Public Health to have it widely
available to the relevant patient population. We do not feel infusions must be done in an
inpatient hospital setting. However, we do not feel it would be safe to allow home infusions at
this time. Home infusions would require a healthcare professional on-site at all times. In this
scenario, the responsibility for enforcing safe practices would shift from the setting (e.g.,
hospital, clinic) to the visiting professional. The Agency does not feel it is appropriate or
possible for the visiting professional to police the infusion administration (e.g., to ensure the
patient is not acting as the infant’s primary care giver or not driving).
2.6.6. Adverse Events by Concurrent Antidepressant and Benzodiazepine Use
A greater percentage of patients on antidepressants at baseline reported sedation and dizziness
AEs compared with patients not on antidepressants. Patients on benzodiazepines as well as
antidepressants had an even greater percentage reporting sedation and dizziness AEs (see Table
13).
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•
•

In a drug-discrimination study in rats, brexanolone produces full generalization to the
benzodiazepine, midazolam (>99%). This suggests that brexanolone produces effects that
are similar to a sedative with known abuse potential.
A physical dependence study conducted in rats was not conclusive, as the positive
control, midazolam, did not produce a strong withdrawal signal upon abrupt
discontinuation.

Clinical studies with brexanolone further support that brexanolone produces subjective effects
comparable to benzodiazepines, based on the following:
•
•

A human abuse potential study produced dose-dependent subjective effects indicative of
abuse potential. At the high dose tested (270 μg/kg/IV/1-hour infusion) brexanolone
produced Drug Liking scores similar to those of alprazolam 3 mg.
In phase2/3 double-blind studies, no events of euphoria were reported; however, sedation
was reported in 4-30% (mean 5.7%) of subjects on brexanolone and 0-2% (mean 0.9%)
of subjects on placebo. Somnolence, which may not necessarily be an abuse related
adverse event (AE), was reported as an AE separate from sedation and occurred at higher
rates in the active drug group compared to placebo.
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