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receptor function and GABAergic mechanisms using electrophysiological, imaging and biomarker approaches. More recently, she
received her MBA degree in Leadership in Healthcare from Yale School of Management. Since the beginning of her tenure at Sage
Therapeutics, Dr. Gunduz-Bruce has contributed to the approval of ZULRESSO™, the first pharmacological treatment for postpartum
depression in adults, and continues to oversee the development of zuranolone, an investigational oral neuroactive steroid and positive
allosteric modulator of GABA,, receptors, for postpartum depression and major depressive disorder.

ltered neurotransmission of y-aminobutyric acid (GABA) has been implicated in the

pathogenesis of depression. In this expert interview, Dr. Handan Gunduz-Bruce discusses the

background and rationale for investigating zuranolone, an oral, positive allosteric modulator
of GABA type A (GABA,) receptors, as a potential treatment for postpartum depression and major
depressive disorder. She also provides an overview of the clinical programs that will determine
zuranolone’s place in the treatment paradigm for these depressive disorders.

Q. What are neuroactive steroids and why are they being studied in
depressive disorders?

First | would like to briefly define the terms “neurosteroids” and “neuroactive steroids”, since
they are used interchangeably, but defined differently. The term “neurosteroid” refers to a class of
endogenous steroids synthesized in the central nervous system (CNS) from cholesterol, which are
potent modulators of the two major neurotransmitter systems — GABA and glutamate. “Neuroactive
steroids” refers to endogenous molecules made in the body outside the CNS and also includes
synthetic derivatives with actions similar to neurosteroids.’

The discovery of antidepressants in the 1950s, like many other medications, was serendipitous.®
Monoamine oxidase (MAQ) inhibitors, which were under investigation for the treatment of tuberculosis,
demonstrated euphoric effects in the patients, paving the way for MAO inhibitors to be used as
antidepressants.2* These observations were followed by the discovery of tricyclic antidepressants,
and later, selective serotonin reuptake inhibitors, selective serotonin and norepinephrine, and
atypical antidepressants. All these antidepressants target the monoamine system, namely serotonin,
norepinephrine, or dopamine in different combinations.

Today, depression continues to be a major contributor to disability worldwide, which underscores a

persistent unmet need.® Additionally, the proposed underlying mechanism of depression has been
expanded to implicate broader networks in brain function.
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One such hypothesis for depression implicates deficits in GABAergic
networks.cFor example, reduced GABA levels have been observedin plasma,
cerebrospinal fluid, and cortical brain tissues of patients with depression.
There is also evidence for reduced expression of GABA-synthesizing
enzymes in the brain tissue of people who have died by suicide, and a
reduced number of GABAergic interneurons in the brain tissue of patients
with depression. As GABA is the major inhibitory neurotransmitter in the
brain, deficits in this network would theoretically be expected to lead to a
wide array of dysregulation, including the monoaminergic system.

Going back to neurosteroids—they are synthesized from cholesterol in
the brain. Even though neurosteroids have a steroid structure, they are
distinct from glucocorticoids because they modulate ion channels, like
GABA and glutamate receptors, and differ from steroids in their genomic
effects as well.”® The prototypical neuroactive steroid that is a GABA,
receptor positive allosteric modulator is allopregnanolone (ALLO). An
analog of ALLO is in development for postpartum depression and major
depressive disorder based on its ability to potentially enhance inhibitory
network activity through the GABA, receptor, which may be compromised
in these disorders,? as discussed above.

Q. What is the mechanism of action of

allopregnanolone analogues in the treatment

of postpartum depression?
There are several proposed mechanisms of action of ALLO and its analogues
in the treatment of postpartum depression, although the exact mechanism
of action is not fully known. Firstly, it is important to recognize that ALLO
is a positive allosteric modulator of both intra-synaptic and extra-synaptic
GABA, receptors.'™ This means that ALLO modulates both tonic and
phasic inhibition in the brain. It is also important to note that ALLO plasma
concentration increases substantially throughout pregnancy. Human data
suggest that peak ALLO levels decline immediately after childbirth.™?
Animal data suggest that the relatively sharp decrease surrounding
childbirth in ALLO levels may be associated with the pathophysiology of
postpartum depression.™

One proposed mechanism of action of ALLO in postpartum depression
is based largely on animal studies. These studies show that there is
down-regulation of GABA, receptors that parallel increasing ALLO levels
during pregnancy, and this is followed by a recovery, namely up-regulation
back to baseline levels, in the postpartum period.* The hypothesized
translation of these studies suggests that the emergence of severe
depressive symptoms in women with postpartum depression may be
due to an inability to up-regulate GABA, receptors quickly enough in the
postpartum period.

More generally speaking, GABA neurotransmission has been implicated
as one of multiple mechanisms in the pathophysiology of depression,
based on findings of reduced GABA levels in plasma, cerebrospinal
fluid, and cortical brain tissues of patients with depression, as well as by
findings in post-mortem studies related to GABAergic markers.? Therefore,
because certain neurosteroids, like ALLO, are potent modulators of GABA,
their pharmacologic effects would theoretically be expected to improve
symptoms of depression based on these GABAergic deficits.'s™

Another proposed mechanism of action of ALLO in postpartum
depression includes its effects on the hypothalamic—pituitary-adrenal

axis dysfunction that have been implicated in depressive disorders,
including postpartum depression.™

Q. Brexanolone is your marketed product. What
has been the impact of brexanolone on the
treatment of postpartum depression and what
are its limitations?

Brexanolone injection is the first US Food and Drug Administration
(FDA)-approved medication for the treatment of postpartum depression
in adults.™ The mechanism of action of brexanolone in the treatment of
postpartum depression is not fully understood, but is thought to be related to
its positive allosteric modulation of GABA, receptors. Brexanolone injection
is administered as a continuous intravenous infusion over 60 hours, So
about 2.5 days, and was approved with a Risk Evaluation and Mitigation
Strategy (REMS), under which healthcare facilities and pharmacies are
required to be certified, and that patients are required to enroll in before
administration of brexanolone injection. The goal is to mitigate the potential
risk of serious harm resulting from excessive sedation and sudden loss
of consciousness during the infusion. According to the REMS, brexanolone
injection can only be administered at a certified healthcare facility where
patients are monitored continuously for the duration of the infusion. Full
details of the REMS, full Prescribing Information, and Boxed Warning can be
found at zulressorems.com.

Q. Could you give us an overview of the
Landscape and Nest clinical programs?

The Landscape program overarches our clinical studies with zuranolone,
an investigational compound that is in development for the treatment of
major depressive disorder. We have one completed phase Il double-blind,
randomized, placebo-controlled clinical study that met its primary endpoint
inmajor depressive disorder.” In a larger phase ll, double-blind, randomized,
placebo-controlled clinical study in adults with major depressive disorder,
known as the MOUNTAIN Study (ClinicalTrials.gov identifier: NCT03672175),
we studied two doses of zuranolone (30 mg and 20 mg) against placebo;
however, this study did not meet its primary endpoint.® Currently, we
are studying a higher dose (50 mg) in our phase Il studies, including the
WATERFALL Study (NCT04442490), another double-blind, randomized,
placebo-controlled, clinical trial.

In addition, in an effort to collect “real-world” and longer-term data in a
large number of patients, the SHORELINE Study (NCT03864614) has been
enrolling subjects in an open-label design, allowing repeat administration of
zuranolone as needed over 12 months. Lastly, we are interested in finding
out whether co-initiation of zuranolone with a new antidepressant would
improve depressive symptoms in patients with major depressive disorder.
This is also a double-blind, randomized, placebo-controlled clinical trial,
named the CORAL Study (NCT04476030), and plans are underway for its
initiation this year. In these studies, we expect to collect both acute and
repeat treatment data with longer-term follow-up using zuranolone.

In the Nest program for postpartum depression, the ROBIN Study
(NCT02978326), which was a phase Il double-blind, randomized,
placebo-controlled clinical trial of zuranolone in patients with postpartum
depression, met its primary endpoint.” In addition, we have an ongoing
phase lIl controlled clinical trial, called the SKYLARK Study (NCT04442503),
which is currently enrolling in the USA and will expand to European sites
in the near future.
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Q. Where do you think zuranolone is likely to fit
into the treatment paradigm for postpartum
depression and major depressive disorder?

As | mentioned previously, there are many, that is at least 25, approved

antidepressants in the USA at this time. Depression remains a leading cause

of disability with high cost to those who are suffering from it and also to
society. The STAR*D study has demonstrated that response and remission
rates are modest, and these rates further decrease as subsequent steps of

antidepressants are administered.” So, all of these findings suggest that the
unmet need in the treatment of depression continues.

In such an environment, zuranolone, once developed and if approved, may
be a novel option for the treatment of postpartum depression and major
depressive disorder in the future. We believe that if approved, zuranolone's
duration of administration, of 2 weeks, may offer an important and valued
treatment option for patients who suffer from these impactful conditions.Q
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