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Cautionary Note Regarding Forward-Looking Statements.

This Annual Report on Form 10-K contains forward-looking statements, within the meaning of the U.S. Private

Securities Litigation Reform Act of 1995, that involve substantial risks and uncertainties. In some cases, you can

identify forward-looking statements by the words “anticipate,” “believe,” “continue,” “could,” “estimate,” “expect,” “intend,”
“might,” “objective,” “ongoing,” “plan,” “predict,” “project,” “potential,” “should,” “will,” or “would,” and or the negative of
or other comparable terminology intended to identify statements about the future. These statements involve known

and unknown risks, uncertainties and other factors that may cause our actual results, levels of activity, performance or
achievements to be materially different from the information expressed or implied by these forward-looking

statements. Although we believe that we have a reasonable basis for each forward-looking statement contained in this

Annual Report on Form 10-K, we caution you that these statements are based on a combination of facts and factors

currently known by us and our expectations of the future, about which we cannot be certain.

29 ¢ 29 ¢
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The forward-looking statements in this Annual Report on Form 10-K include, among other things, statements about:

our ability to develop and commercialize ganaxolone;

status, timing and results of preclinical studies and clinical trials;

the potential benefits of ganaxolone;

the timing of seeking regulatory approval of ganaxolone;

our ability to obtain and maintain regulatory approval;

our estimates of expenses and future revenue and profitability;

our estimates regarding our capital requirements and our needs for additional financing;

our plans to develop and market ganaxolone and the timing of our development programs;

our estimates of the size of the potential markets for ganaxolone;

our selection and licensing of ganaxolone;
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our ability to attract collaborators with acceptable development, regulatory and commercial expertise;

- the benefits to be derived from corporate collaborations, license agreements, and other collaborative or acquisition
efforts, including those relating to the development and commercialization of ganaxolone;

- sources of revenue, including contributions from corporate collaborations, license agreements, and other
collaborative efforts for the development and commercialization of products;

our ability to create an effective sales and marketing infrastructure if we elect to market and sell ganaxolone
directly;

the rate and degree of market acceptance of ganaxolone;
the timing and amount or reimbursement for ganaxolone;

the success of other competing therapies that may become
available;
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the manufacturing capacity for
ganaxolone;

- our intellectual property position;

- our ability to maintain and protect our intellectual property rights;

- our results of operations, financial condition, liquidity, prospects, and growth strategies;

- the industry in which we operate; and

- the trends that may affect the industry or us.

You should refer to Part I, Item 1A “Risk Factors” of this Annual Report on this Form 10-K for a discussion of
important factors that may cause our actual results to differ materially from those expressed or implied by our
forward-looking statements. As a result of these factors, we cannot assure you that the forward-looking statements in
this Annual Report on Form 10-K will prove to be accurate. Furthermore, if our forward-looking statements prove to
be inaccurate, the inaccuracy may be material. In light of the significant uncertainties in these forward-looking
statements, you should not regard these statements as a representation or warranty by us or any other person that we
will achieve our objectives and plans in any specified time frame or at all. We undertake no obligation to publicly
update any forward-looking statements, whether as a result of new information, future events or otherwise, except as
required by law.

You should read this Annual Report on Form 10-K and the documents that we reference in this Annual Report on
Form 10-K and have filed as exhibits to this Annual Report on Form 10-K completely and with the understanding that
our actual future results may be materially different from what we expect. We qualify all of our forward-looking
statements by these cautionary statements.

PART I

Item 1. Business.

Overview



Edgar Filing: MARINUS PHARMACEUTICALS INC - Form 10-K

We are a clinical stage biopharmaceutical company focused on developing and commercializing innovative
therapeutics to treat epilepsy and neuropsychiatric disorders. Our clinical stage product candidate, ganaxolone, is a
positive allosteric modulator of GABA , being developed in three different dose forms: intravenous (IV), capsule and
liquid. The multiple dose forms are intended to maximize the therapeutic range of ganaxolone for both adult and
pediatric patient populations, in both acute and chronic care, and both in-patient and self-administered settings.
Ganaxolone exhibits anti-seizure and anti-anxiety actions via its effects on synaptic and extrasynaptic GABA ,
receptors.
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Our Pipeline

We are developing ganaxolone to treat both adults and children suffering from acute and chronic epilepsy and other
neuropsychiatric conditions where there is a mechanistic rationale for ganaxolone to provide a benefit, including the
following indications:

Postpartum Depression (PPD)

PPD is a mood disorder that affects about 15% of women within the first year following childbirth. Common
symptoms include feelings of extreme sadness, hopelessness, suicidal ideation, anxiety, and fatigue. PPD is thought to
be linked to the rapid fluctuations in the levels of reproductive hormones and allopregnanolone (allo) after childbirth.
Allo has shown early clinical evidence in treating patients with severe PPD. PPD can affect a mother’s ability to care
for her child and may negatively affect a child’s cognitive development. There are no approved treatments for PPD but
the most common treatments are psychotherapy and antidepressants. We believe that treatment with ganaxolone may
provide benefit to women suffering from PPD.

We are making preparations to initiate a Phase 2 double-blind, placebo-controlled, multi-center, dose-finding study to
evaluate the safety, efficacy and pharmacokinetics of ganaxolone IV in women with PPD in the first half of 2017, and
expect to announce data from the initial patient cohort(s) in the second half of 2017. Our development strategy in
PPD is to evaluate use of both IV and oral dose forms based on disease severity and treatment setting.

Status Epilepticus (SE)

SE is a life-threatening occurrence of continuous or intermittent seizures lasting more than five minutes in

4
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duration without full recovery. If SE is not treated immediately, permanent neuronal damage may occur, which
contributes to high rates of morbidity and mortality. In refractory status epilepticus (RSE), certain synaptic GABA ,
receptors are internalized, thereby unavailable to drugs that target these receptors, such as benzodiazepines. According
to LexisNexis, there are approximately 45,000 cases of hospitalized RSE treated in the United States annually. RSE
patients who do not respond to additional antiepileptic drugs (AEDs), referred to as having super refractory status
epilepticus (SRSE), are generally placed under I'V anesthesia as a last resort to attempt to stop the seizures and prevent
further damage to the brain and death.

Allo has shown early clinical evidence in treating certain SRSE patients. Like allo, ganaxolone modulates both
synaptic and extrasynaptic GABA , receptors, allowing a therapeutic pathway in situations where synaptic GABA ,
receptors are unavailable. Ganaxolone has shown activity comparable to allo in preclinical rat models of
benzodiazepine-resistant SE. Another preclinical rat model of benzodiazepine refractory SE showed anti-epileptic
synergy with the combination of ganaxolone and diazepam in blocking pilocarpine-induced seizures in rats.
Ganaxolone and diazepam plasma levels were identical when measured both alone and in combination, indicating that
neither drug affected the pharmacokinetic disposition of the other. These data may have clinical implications on the
treatment and dosing of ganaxolone in patients with SE who are or have been treated with benzodiazepines.

We are making preparations to initiate a Phase 2 clinical trial with ganaxolone IV in patients with SE in the second
half of 2017 and will disclose particulars on design, scope and timing when we initiate the study.

In April 2016, the U.S. Food and Drug Administration (FDA) granted Orphan Drug Designation to the IV formulation
of ganaxolone for the treatment of SE. Orphan Drug Designation is granted by the FDA Office of Orphan Products
Development (OOPD) to novel drugs or biologics that treat a rare disease or condition affecting fewer than 200,000
patients in the U.S. The designation provides the drug developer with a seven-year period of U.S. marketing
exclusivity, as well as tax credits for clinical research costs, the ability to apply for annual grant funding, clinical
research trial design assistance and waiver of Prescription Drug User Fee Act (PDUFA) filing fees.

Genetic Orphan Disorders

We are evaluating selected genetic indications which we believe could benefit from the seizure and/or behavioral
effects of ganaxolone’s GABA, modulatory mechanism. To that end, ganaxolone is currently being evaluated in an
ongoing Phase 2 open-label exploratory study as a treatment for orphan, genetic epilepsies including CDKLS disorder,
Lennox Gastaut Syndrome (LGS) and PCDH19 pediatric epilepsy (PCDH19-PE). In addition, we recently completed
a Phase 2 double-blind placebo-controlled crossover study for the treatment of anxiety and attention deficit in children
with Fragile X Syndrome (FXS). Children with genetic epilepsies and children with FXS often suffer from the same
co-morbidities including cognitive and developmental impairment, behavioral challenges, sleep disorder and seizures.
Ganaxolone could be helpful to these patients across a range of these co-morbidities.

11
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We expect to complete and announce top-line results from the ongoing Phase 2 CDKLS5 disorder and LGS cohorts of
the genetic epilepsy study in mid-2017. These results along with those from the completed PCDH19-PE cohort and
FXS Phase 2 study will be evaluated and prioritized based upon clinical results, anticipated regulatory pathway,
program risk assessments and commercial considerations for advancement to late-stage clinical trials.

CDKL5 Disorder

CDKLS5 disorder is a serious and rare genetic disorder that is caused by a mutation of the cyclin-dependent kinase-like
5 (CDKLY5) gene, located on the X chromosome. It predominantly affects girls and is characterized by early-onset,
difficult-to-control seizures and severe neuro developmental impairment. The CDKLS5 gene encodes proteins essential
for normal brain function. Most children affected by CDKLS5 cannot walk, talk, or care for themselves. Many also
suffer from scoliosis, visual impairment, gastrointestinal difficulties, and sleeping disorders. Currently, there are no
approved therapies for CDKL5 disorder. We believe that no previous formal clinical trials have been conducted in this
patient population.

Positive preliminary data from the initial patients in the CDKL5 disorder cohort of our study showed a notable

5
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reduction in seizure frequency compared to baseline in three of the four initial patients enrolled. All responders
continue to receive treatment, two of whom have completed six months of treatment and have elected to participate in
the study extension. One patient discontinued the study after four months of treatment due to lack of efficacy. Safety
data to date are consistent with earlier studies where ganaxolone has shown to be generally safe and

well-tolerated. This study is actively recruiting CDKLS5 disorder patients, and we expect to complete enrollment and
report top-line results from this cohort in mid-2017.

LGS

LGS is a rare and often debilitating form of childhood-onset epilepsy. The syndrome is characterized by multiple
seizure types, moderate to severe cognitive impairment, and an abnormal EEG with slow spike-wave complexes.
LGS is also a physically dangerous epilepsy syndrome of childhood because of the frequent falls, injuries, and
cognitive impairment that can severely limit quality of life.

We are actively recruiting LGS patients for our study and expect to complete enrollment and report top-line results
from this cohort in mid-2017.

PCDHI19-PE

PCDH19-PE is a serious and rare epileptic syndrome that predominantly affects females. The condition is caused by
an inherited mutation of the protocadherin 19 (PCDH19) gene, located on the X chromosome, is characterized by
early-onset and highly variable cluster seizures, cognitive and sensory impairment, and behavioral disturbances with
autistic traits. Genetic testing is available to determine if a child has the PCDH19 mutation. The mean age of onset of
this condition is approximately 10 months. Although formal epidemiologic data is not available, it is suspected that
approximately 10% of girls who have seizure onset before five years of age have PCDH19 mutations. We estimate the
PCDH19-PE population to be approximately 3,000 to 5,000 patients in the United States Currently, there are no
approved therapies for PCDH19-PE. We believe that no previous formal clinical trials have been conducted in this
population.

We have completed this cohort in the study, and top-line results showed that ganaxolone reduced seizure frequency
from baseline in 64% of patients enrolled, and was generally safe and well tolerated. In 2015, the U.S. Food and Drug
Administration granted Orphan Drug Designation to ganaxolone for the treatment of PCDH19-PE.

Fragile X Syndrome (FXS)

13
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FXS is the most common genetic cause of autism and is caused by a mutation in the FMR1 gene. FXS is characterized
by a range of developmental problems and symptoms, including cognitive impairment, learning disabilities and
behavioral challenges. Approximately one million individuals in the United States have, or are at risk for developing,
a Fragile X associated disorder, with approximately 100,000 people having FXS. According to the Centers for Disease
Control and Prevention, FXS affects 1 in 3,600 to 4,000 males and 1 in 4,000 to 6,000 females of all races and ethnic
groups. Patients with FXS exhibit autism-like symptoms including anxiety and mood swings, attention deficit and
heightened response to stimuli. Approximately 7% of women and 18% of men with FXS have seizures.

Treatment approaches focus primarily on supportive care and medications addressing development delays, learning
disabilities, and social and behavioral problems caused by the disease. Various classes of medications are used to treat
behavioral and mental health conditions associated with FXS. Currently, there are no known cures or approved
therapies for FXS. Special education and symptomatic treatments are employed to lessen the burden of illness in FXS
patients.

In a mouse model of the FMR1 gene mutation, certain brain regions show lower levels of the extrasynaptic GABAA
receptors and reduction of proteins and enzymes responsible for GABA function. The result of fewer GABAA
receptors in these mice include over-sensitivity to noise, anxiety, and seizures. Ganaxolone and other agents that have
been shown to improve GABA function have also been shown to improve FXS symptoms in this mouse model. We
believe that ganaxolone, with its high-affinity for extrasynaptic GABAA receptors, may increase signaling at existing

6
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receptors to normalize GABA function thereby reducing anxiety, attention, hyperactivity and other disabilities
associated with this inherited disorder.

In 2016, we reported results from a Phase 2 exploratory, investigator-sponsored study to evaluate the safety,
tolerability and efficacy of ganaxolone for the treatment of anxiety and attention in children with FXS. The study was
conducted at the Medical Investigation of Neurodevelopmental Disorder (MIND) Institute at the University of
California, Davis and at a site in Belgium. The Phase 2 study was a randomized, placebo-controlled, cross-over
proof-of-concept clinical trial. Ganaxolone was generally safe and well tolerated with no serious adverse events (AEs)
reported. Consistent with other pediatric studies conducted with ganaxolone, the most common AEs considered
related to ganaxolone treatment and reported at greater rates than placebo were fatigue, somnolence, diarrhea,
decreased appetite and rash. Most AEs were mild to moderate in severity and resolved. Five patients discontinued the
study due to AEs: four during treatment with ganaxolone and one during placebo. The investigator selected Clinical
Global Impression of Improvement (CGI-I), which is a broad scale to assess the overall improvement across the entire
FXS, as the primary endpoint of the study. While this primary endpoint was not met, consistent with our expectations
and ganaxolone's mechanism of action, treatment with ganaxolone improved anxiety and hyperactivity across multiple
measures in FXS patients with high baseline anxiety. We believe that the results from this study support the anxiolytic
effect of ganaxolone and provide a strong rationale to advance the clinical development of ganaxolone in anxious FXS
patients.

In December 2016, the U.S. Food and Drug Administration granted Orphan Drug Designation to ganaxolone for the
treatment of FXS.

Adult Focal Onset Seizures

In June 2016, we announced top-line results from our Phase 3 clinical trial in adults with drug-resistant focal onset
seizures. In this trial, ganaxolone was generally safe, well tolerated and effective in reducing seizures, however, it did
not meet the primary endpoint of demonstrating a statistically significant difference from placebo. A post hoc
analysis was conducted and showed a greater reduction in median seizure frequency in patients who were the most
drug-resistant. We have discontinued our program in adult focal onset seizures and will focus our efforts on advancing
ganaxolone in PPD, SE, and orphan, genetic disorders. The majority of our research and development expenditures to
date have been in support of our adult focal onset seizure program.

Ganaxolone Mechanism of Action

Ganaxolone is a synthetic analog of a naturally occurring neurosteroid, allopregnanolone, which exhibits potent
anxiolytic, antidepressant, antiepileptic and sedative activity by virtue of its GABA , receptor modulating properties.
Unlike ganxolone, allopregnanolone has the potential to convert back to its metabolic precursor progesterone, which
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could lead to hormonal side effects. Ganaxolone has been designed with an added methyl group that prevents back
conversion to an active steroid which we believe unlocks ganaxolone’s potential for chronic use. In preclinical studies,
ganaxolone has exhibited potency and efficacy comparable to allopregnanolone.

GABA (gamma-aminobutyric acid) is the chief inhibitory neurotransmitter in the brain. One of the subclasses of
receptors that respond to GABA is the GABA , receptor. When activated, these receptors selectively conduct chloride
ions through a pore that results in the inhibitory effect of hyperpolarization of the neuron. Synaptic GABA , receptors
respond quickly to inhibit neurotransmission, while extrasynaptic GABA , receptors provide ambient tonic

inhibition.

Ganaxolone and allopregnanolone interact with both synaptic and extrasynaptic GABA , receptors and at binding sites
distinct from the benzodiazepines. Activity with extrasynaptic GABA , receptors may be of particular importance for
treating patients who developed tolerance to benzodiazepines and barbiturates. Ganaxolone binds to the GABA
receptors, which opens the pore to allow chloride ions to move into the postsynaptic neuron, leading to the inhibition
of neurotransmission.

Safety Overview

IV Safety
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In 2016, we completed a Phase 1 dose-escalation study in ganaxolone I'V. In this study, we achieved dose levels
targeted for efficacy in patients with postpartum depression (PPD), status epilepticus (SE) and other indications. The
Phase 1 clinical study enrolled 36 subjects and was designed to determine the pharmacokinetics (PK),
pharmacodynamics (PD), and safety of ganaxolone IV administered as an ascending bolus dose (Stage 1) or
continuous infusion (Stage 2). Four cohorts of subjects were enrolled in Stage 1 and received escalating doses of
ganaxolone, and one cohort of subjects was enrolled in Stage 2. The primary study objective was to evaluate the
safety and PK of ganaxolone I'V. The secondary study objectives included the PD effects of ganaxolone IV on
electroencephalogram (EEG) parameters, as well as the effect on clinical sedation scores.

In the study, every dose regimen of ganaxolone IV administered, either bolus or continuous infusion, was generally
safe and well tolerated, and reached targeted dose levels in a short period of time. Following treatment, six
treatment-emergent adverse events were reported, all of which were mild in severity and resolved without
intervention. Only headache was considered possibly related to treatment with ganaxolone IV. No subject
discontinued due to an adverse event and no serious adverse events were reported. Ganaxolone IV plasma
concentrations were generally proportional to the administered dose. Additionally, the continuous infusion of
ganaxolone IV achieved the targeted exposure levels. Plasma exposures associated with anticonvulsant and
anti-anxiety activity were reached in this study.

Oral Safety

More than 1,500 subjects have received oral treatment with ganaxolone ranging in duration from one day to more than
two years using doses from 50 to 2,000 mg/day. Ganaxolone was administered in Phase 2 studies to pediatric subjects
at doses up to 54 mg/kg and to adult subjects at doses up to 1,875 mg/day. No drug-related deaths occurred in any of
these clinical trials, and the majority of adverse events were not medically serious and resolved upon discontinuation
of therapy. The most common side effects are related to sedation. In the ganaxolone safety database there are no
trends of medically important changes in blood chemistry, vital signs, liver function, renal function or cardiovascular
parameters in the adult or pediatric populations.

Preclinical Pharmacology and Toxicology

We have completed preclinical safety pharmacology and toxicology testing, including reproductive toxicology.
Animal pharmacokinetic and in vitro studies show that ganaxolone is primarily metabolized by the CYP3A family of
liver enzymes, a common route of drug metabolism. All in vitro studies have shown ganaxolone has low potential for
interaction with other drugs at several multiples of observed human ganaxolone levels. Furthermore, neither
ganaxolone nor its metabolites have a ketone ring at the 3-position, a requirement for hormonal activity. In binding
studies, ganaxolone has no appreciable affinity for estrogen or progesterone receptors. We found no evidence of
changes in blood, liver, kidney or the gastrointestinal systems indicating functional or anatomical adverse effects
associated with either single- or multiple-dose treatment with ganaxolone in preclinical safety pharmacology studies,
nor have we seen evidence of any end organ toxicity from human clinical studies. We have not detected potential for
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ganaxolone to cause cellular mutations or carcinogenicity in studies to date.

In reproductive toxicology studies, ganaxolone did not cause any malformations of the embryo or fetus in rats or mice
and did not significantly affect the development of offspring. No changes in sperm parameters were found. We believe
these findings are important as all currently marketed AEDs have shown developmental toxicities in animal studies
such as fetal death or skeletal abnormalities that indicates a finding of developmental toxicities in animal studies.
Valproate, carbamazepine, phenytoin and topiramate have been linked with birth defects in humans (e.g. head and
facial malformations and lowered birth weight) at a rate higher than observed in women who did not take these drugs.
This association has resulted in labeling for these drugs indicating positive evidence of human fetal risk based on
scientific data. Based on ganaxolone’s mechanism and preclinical and clinical findings to date, we intend to seek
differentiated labeling for ganaxolone, indicating that animal reproduction studies have failed to demonstrate a risk to
the fetus, which we believe would be an important safety differentiator for women of childbearing age.

Our Strategy

Our goal is to maximize the value of ganaxolone as a first in class innovative neuropsychiatric therapy with a portfolio
of diversified indications. The key elements of our strategy to achieve this goal include the following:

8
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*Broadening dose forms to acute care setting. To date, our clinical trials in patients have utilized our patented
nanoparticulate composition administered in oral capsule and liquid suspension dose forms. As a complement to these
orally administered dose forms, we have developed an IV dose form for the acute care setting and in-patient
populations that may benefit from both inpatient ganaxolone IV before transitioning to an outpatient oral dose form.

*Pursuing orphan, genetic epilepsy indications for ganaxolone. Within epilepsy, there are several smaller patient
populations where a genetic marker associated with the syndrome has been linked to deficits in GABAergic signaling.
We believe that increasing GABAergic tone with ganaxolone could provide benefit and that treatments for these small
populations have the potential for more efficient paths to regulatory approval and commercialization. Our

proof of concept open label Phase 2 clinical trial is presently enrolling patient cohorts with CDKL5 and LGS. In
addition, we have completed enrolling the PCDH19-PE cohort and Phase 2 FXS trial. We may also explore
development of ganaxolone in other rare genetic epilepsy indications.

*Expanding non epilepsy indications for ganaxolone. Due to its mechanism of action, we believe ganaxolone has
potential for therapeutic benefit in a variety of neuropsychiatric disorders in addition to epilepsy. Evidence from
preclinical and clinical studies demonstrates that treatment with an agent similar to naturally occurring
allopregnanolone could be of benefit in patients with anxiety, mood, sleep and other neuropsychiatric disorders. We
believe our top-line results from the Phase 2 proof of concept clinical trials in FXS patients and anecdotal reports from
investigators who treated PCDH19-PE patients support this hypothesis. We plan to commence a clinical trial in PPD

in 2017 and may also explore development of ganaxolone in other neuropsychiatric disorders and rare disease
neurology indications.

*Build on our intellectual property. We believe that our intellectual property around nanotechnology and other
formulation know how creates significant barriers to competition. We have developed most of our technology
internally which provides us with greater control and flexibility and reduces expense. We intend to further expand our
intellectual property portfolio through internal development and opportunistic licensing or acquisition of
complementary technologies.

Intellectual Property

The proprietary nature of and protection for our product candidates, discovery programs and know-how are important
to our business. We have sought patent protection in the United States and internationally for ganaxolone synthetic
methods and ganaxolone nanoparticles, which are used in oral solid, oral liquid, and intravenous dose formulations,
other injectable ganaxolone formulations, and methods of treatment using ganaxolone formulations. Our policy is to
pursue, maintain and defend patent rights whether developed internally or licensed from third parties and to protect
the technology, inventions and improvements that are commercially important to the development of our business.

The basis of our intellectual property for ganaxolone nanoparticle formulations was the discovery of a novel
composition of ganaxolone nanoparticles and complexing agents that deliver consistent exposure and improved
stabil