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Background
 Major depressive disorder (MDD) is a highly prevalent mental health disorder and one of
the leading causes of disability and mortality worldwide. With available treatments,
35-50% of patients fail to show a substantial improvement in symptoms, and 20-30% of
patients discontinue treatment for multiple reasons, including tolerability.1
 The most commonly used antidepressants largely share the same mechanism of action.
Therefore, a new antidepressant, acting on a different target, could potentially benefit
patients who do not respond to common treatments, or who have undesirable adverse
effects.

Kv7 potassium channels in depression
 Resilience is proposed to be an active coping mechanism to stress induced depression.2
One active neural mechanism of resilience is the normalization of firing rate of ventral
tegmental area (VTA) dopaminergic neurons, as observed in the chronic social defeat
stress model (CSDS).3
 Friedman et al. demonstrated that overexpression of Kv7.3 in the VTA dopaminergic
neurons normalized neuronal hyperactivity and depressive behaviors in the CSDS model
in mice.4 The same effect was achieved with local (intra-VTA) or systemic infusion of
the first-generation Kv7 channel opener ezogabine.
 Enhancing the open-state of KCNQ2/3 in neurons favors a hyperpolarized resting state,
which reduces rapid action potential spiking. This mechanism has been clinically proven
to be effective for treatment of focal onset seizures (FOS) in adults with epilepsy with
ezogabine and XEN1101.

Methods
XEN1101

Table 2. Efficacy objectives and endpoints
Objectives

Figure 3. Study design
Primary

 XEN1101 is a next generation Kv7 potassium channel opener currently being developed
for the treatment of epilepsy. It is formulated for once daily oral administration in the
fed state.

• To assess the efficacy of 10 mg and 20 mg
doses of XEN1101 compared to placebo on
improvement of depressive symptoms.

 Depression is common in epilepsy, and it can affect quality of life and treatment
adherence.7 Moreover, some of the most commonly used antiseizure medications can
cause or exacerbate mood symptoms.8
 Results from a recently completed large phase 2 study of XEN1101 in 325 subjects with
FOS showed a significant effect in reducing seizure frequency and a favorable safety
profile. It was generally well-tolerated, with dose-dependent tolerability. The most
common treatment-emergent adverse events observed in this study were dizziness,
somnolence, fatigue, and headache.9
 XEN1101 was assessed in the progressive ratio test, a protocol that evaluates
motivational performance and decisional anhedonia in rats. In this test XEN1101
increased the total number of lever presses, indicating improved motivation versus
vehicle (Fig. 2) .

Figure 2. Results of the progressive ratio test

Table 1. Key eligibility criteria
Inclusion Criteria
1. Male or female, aged 18 through 65 years (inclusive) with a body mass index (BMI) ≤35 kg/m².
2. Subject must meet the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
criteria for major depressive disorder (MDD) and currently be experiencing a moderate to severe
major depressive episode (MDE), confirmed using the Mini International Neuropsychiatric Interview
(MINI).

Exclusion Criteria

• Snaith-Hamilton Pleasure Scale (SHAPS) score change
through Week 6.

• To assess the efficacy of XEN1101 compared
to placebo on improvement of anxiety
symptoms.

• Beck Anxiety Inventory (BAI) score change through
Week 6.

Exploratory
• To assess the effect of XEN1101 compared to
placebo on depressive symptoms.

• Quick Inventory of Depressive Symptomatology, SelfReport (QIDS-SR) score change through Week 6.
• Responder rate at Week 6, defined as the percentage of
subjects with ≥50% reduction in MADRS score.
• Percentage of subjects in remission (MADRS ≤10) at
Week 6.
• Hamilton Depression Rating Scale, 17-Item (HAM-D17)
score change through Week 6.
• MADRS score, SHAPS score, BAI score, QIDS-SR score,
and HAM-D17 score at all timepoints and change from
baseline to all timepoints.

• To assess the effect of XEN1101 compared to
placebo on overall health status.

• Clinical Global Impression of Improvement (CGI-I) score
at Week 6.
• Clinical Global Impression of Severity (CGI-S) score
change at Week 6.
• Patient Global Impression of Improvement (PGI-I) score
at Week 6.

1. A primary psychiatric diagnosis other than MDD as defined by DSM-5 (comorbid anxiety disorders
are allowed).

Figure 1. Results from a double-blind, placebo-controlled study of
ezogabine 300 mg TID in subjects with moderate to severe MDD6

2. Concomitant use of antidepressants and/or other disallowed pharmacotherapy (including
benzodiazepines).
3. History of schizophrenia or other psychotic disorder, MDD with psychotic features, bipolar I or II
disorder, or MDD with mixed features.

5. Failing >3 antidepressant drug trials, for any reason, in the current MDE.
6. Active suicidal plan/intent in the past 6 months, or >1 lifetime suicide attempt.
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Rats were trained to respond for food made available under a progressive schedule of reinforcement in
which the number of lever presses required to obtain a food reward increased for each successive reward.
In a cross-over design, rats received a single dose of 1, 3, 8 mpk XEN1101 or vehicle (n=32). Total number of
lever presses in the test session were measured. The stimulant amphetamine was used as a positive assay
control.

Study objectives and endpoints

 Based on the above evidence, a phase 2, double-blind, proof-of-concept study has
recently started, with the objective of assessing the efficacy, safety, and tolerability of
XEN1101 in subjects with moderate to severe MDD (Fig. 3).

 Safety assessments include adverse events and serious adverse events, clinical
laboratory tests, ECGs, vital signs, Columbia–Suicide Severity Rating Scale, and the
Clinical Institute Withdrawal Assessment Scale–Benzodiazepines to evaluate withdrawal
symptoms after the end of treatment. Dilated ophthalmological exams and the
American Urological Association Symptom Index will also be conducted to assess for
retinal pigment epithelium abnormalities and symptoms of urinary retention,
respectively, as these effects were observed during treatment of epilepsy patients
with ezogabine.

 Approximately 150 subjects will be randomized to 3 arms: XEN1101 10 mg QD, XEN1101
20 mg QD or placebo. Dose reduction for intolerability will be allowed.
 The key eligibility criteria for the study are summarized in Table 1. Eligibility will be
confirmed using the State versus Trait, Assessability, Face Validity, Ecological Validity,
Rule of Three Ps (SAFER) criteria inventory performed by a remote centralized rater.10

CONCLUSIONS
• XEN1101 represents a novel molecular mechanism to potentially treat depression. The
double-blind, placebo controlled, proof-of-concept study described above will help
evaluate the efficacy and safety of this compound in subjects with MDD and inform
further development.

4. History of non-response to >1 antidepressant drug due to lack of efficacy in the current MDE.

Figures reproduced from Costi et al.6 Depression symptoms assessed by the Montgomery-Åsberg
Depression Rating Scale. Anhedonia symptoms assessed by the Snaith-Hamilton Pleasure Scale.

• To assess the efficacy of XEN1101 compared
to placebo on improvement of anhedonia
symptoms.

3. Current MDE duration ≥2 months and <24 months at the time of screening.

5. Score ≥20 on the Snaith-Hamilton Pleasure Scale (SHAPS) at screening and on Day 1.

 An investigator-initiated, phase 2 study of XEN1101 in MDD is ongoing at Icahn School of
Medicine at Mount Sinai.

• Montgomery-Åsberg Depression Rating Scale (MADRS)
score change through Week 6.

Secondary

4. Current illness severity that is at least moderate, defined as a score of ≥20 on the Hamilton
Depression Rating Scale, 17-Item (HAM-D17) at screening and on Day 1.

 Both an open-label5 and a double-blind, randomized study6 showed significant effects of
ezogabine on depression symptoms, including anhedonia, in subjects with moderate to
severe MDD (Fig. 1).

Endpoints

 Primary and secondary efficacy objectives and endpoints are summarized in Table 2.
 Changes in sleep and activity parameters will be assessed using a wearable biometric
device. Subjects will wear the device on their non-dominant wrist from randomization to
the last follow up visit, 24 hours a day.

 The plasma levels of XEN1101 will also be evaluated.
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