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Abstract

Study Objectives: This randomized, double-blind, placebo-controlled, cross-over study was
conducted to evaluate the safety and efficacy of two-weeks of nightly sublingual cannabinoid extract

(ZTL-101) in treating chronic insomnia (symptoms >three months).

Methods: Co-primary study endpoints were safety of the medication based on adverse event
reporting and global insomnia symptoms (Insomnia Severity Index; ISI). Secondary endpoints
included: self-reported (sleep diary), actigraphy-derived and polysomnography measurements of
sleep onset latency (SOL), wake after sleep onset (WASO), total sleep time (TST), sleep efficiency
(SE); and self-reported assessments of sleep quality (sSQ) and feeling rested upon waking. Adjusted

mean differences between placebo and ZTL-101 were calculated.

Results: Twenty-three of 24 randomized participants (n=20 female, mean age 53+9years) completed
the protocol. No serious adverse events were reported. Forty mild, non-serious, adverse events
were reported (36 during ZTL-101) with all but one resolving overnight or soon after waking.
Compared to placebo, ZTL-101 decreased ISl (-5.07units [95%Cl: -7.28 to -2.86]; p=0.0001) and self-
reported SOL (-8.45mins [95%Cl: -16.33 to -0.57]; p=0.04) and increased self-reported TST (64.6mins
[95%CI: 41.70 to 87.46]; p<.0001), sSQ, (0.74units [95%Cl: 0.51 to 0.97]; p<0.0001) and feeling of
being rested on waking (0.51units [95%Cl: 0.24 to 0.78]; p=0.0007). ZTL-101 also decreased
actigraphy-derived WASO (-10.2mins [95%Cl: -16.2 to -4.2]; p=0.002), and increased actigraphy-

derived TST (33.4mins [95%Cl: 23.07 to 43.76]; p<0.001) and SE (2.9% [95%Cl: 2.0 to 3.8]; p=0.005).

Conclusion: Two-weeks of nightly sublingual administration of a cannabinoid extract (ZTL-101) is
well tolerated and improves insomnia symptoms and sleep quality in individuals with chronic

insomnia symptoms.

Keywords: Chronic Insomnia; Cannabinoids; Pharmacokinetics
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Clinical Trial: ANZCTR; anzctr.org.au; ACTRN12618000078257

Statement of Significance:

Chronic insomnia is present in 6-15% of the population and is associated with adverse health
outcomes. Current pharmacologic treatment options are often unsatisfactory. Cannabinoids have
been proposed as a potential new therapeutic alternative although evidence regarding their safety
and efficacy is limited. In this world-first randomized double-blind placebo-controlled cross-over
trial of 24 participants with chronic insomnia, 2-weeks of ZTL-101 significantly decreased insomnia
symptoms relative to placebo. While more adverse events were reported while taking ZTL-101 than
placebo all were mild and the majority resolved soon after waking. While replication in a larger
cohort is required before definitive conclusions can be drawn, these results suggest that the
cannabinoid formulation ZTL-101 may provide a useful therapeutic option for individuals with

chronic insomnia, at least for short term use.
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Introduction

Chronic insomnia disorder, characterized by difficulty initiating or maintaining sleep at least 3 nights
per week for at least 3 months, is present in 6-15% of the population,[1][2] and is associated with
poor health outcomes and reduced productivity. Cognitive behavioural therapy for insomnia (CBTi)
is the first-line treatment, with improvement reported in approximately 60% of patients.[3] In cases
where treatment is ineffective or access to CBTi is limited or delayed, then pharmacological
therapies can be useful. However, adverse effects from conventional pharmacological treatments
for insomnia are common([4] and include dependence, abuse potential, tolerance, daytime sedation,
psychomotor impairment manifesting as falls and cognitive impairment[5] and increased risk of head
injury or fracture.[6] These undesirable side-effects drive an ongoing search for alternative
therapies. Cannabinoids have emerged as a possible alternative therapy for patients with insomnia

who are considering therapeutic options.

Cannabis use in the US was prohibited from 1937 until it was legalized for medical use in the late
1990s. Similar legislative changes have followed in many countries, prompting increased availability
and use for medical purposes. Insomnia (or “sleep disorder”) is a common symptom for which
people use cannabis.[7] However, few studies have examined the efficacy of cannabinoid
formulations in treating insomnia[8] and, a placebo-controlled randomized trial has yet to be
undertaken. Improvements in sleep quality have been reported with delta-9-tetrahydrocanabinol
(THC) and cannabidiol (CBD) alone or in combination. However, when taken in combination CBD is
known to attenuate the potential psychotropic effects of THC[9] although high doses of CBD have
been reported to have potential alerting properties.[10] Greater drowsiness has been reported with

the addition of cannabinol (CBN) and THC than with THC alone.[11]
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This study therefore employed a double-blind, randomized, placebo-controlled, cross-over design to
evaluate the safety and efficacy of a cannabinoid formulation which included THC, CBD and CBN

(ZTL-101), for treating insomnia symptoms in patients with chronic insomnia disorder.

Methods

Participants

Men and women aged 25-70 years presenting with chronic insomnia, defined as self-reported
difficulty initiating sleep (latency to persistent sleep >30 mins) and/or maintaining sleep (>30 mins
awake, or waking >30 mins before desired waking time) on >3 nights per week, for 23 months and
an Insomnia Severity Index (ISI) score >10.[12] Participants were recruited via email, newspaper or
television advertisement asking for volunteers to test a new medication to improve sleep quality.
Only after responding to the advertisement were potential participants informed that the

medication was medicinal cannabis.

Participants were excluded from the study if they: were unwilling to cease using psychotropic, CNS-
depressant (confirmed at baseline with urine drug screen for opioids, amphetamine, cocaine,
benzodiazepine and cannabis) or cytochrome P450 inhibitor medications for the study duration,
commencing from at least 2-weeks prior to baseline assessments; had untreated cardiovascular,
metabolic or significant psychopathologic disorders (self-reported); had other significant sleep
disorders (self-reported or identified at baseline); or were participating in a behavioural therapy
program to improve sleep (see Supplementary Methods for full exclusion criteria). Participants

were provided with travel vouchers where required but no other compensation.
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Study Design and Procedures

A double-blind, randomized, placebo-controlled, cross-over design study was conducted between
May and December 2019 at The University of Western Australia’s Centre for Sleep Science. Zelira
Therapeutics Ltd (formerly Zelda Therapeutics) sponsored the study, but the investigators
independently designed it and collected, analyzed, and interpreted all data. Ethical review and
approval of the study, which was in accordance with the guidelines of the International Council for
Harmonisation and principles of the Declaration of Helsinki, was obtained from Bellberry Ltd.,
(HREC2017-03-226) and The University of Western Australia (RA/4/1/9236). Informed written
consent was obtained from each participant following full explanation of procedures, risks and

benefits.

Preliminary eligibility was established during a clinical interview at a screening and consent visit,
which was followed by a two-week baseline period (Figure 1) during which participants wore a wrist-
based activity monitor (GT9X, ActiGraph, Pensacola, USA) and completed sleep diaries.[13] On the
14" baseline night a laboratory-based polysomnography (PSG) study (Grael, Compumedics, Sydney,
Australia) was performed; participants were encouraged to attempt to sleep at their usual time and
were not woken by others in the morning. The PSG montage aligned with AASM criteria[14] and
studies were scored according to these criteria by a single experienced scorer who was blinded to

treatment.

Potential sensitivity, including anaphalaxis, adverse cardiovascular, hallucinogenic or paranoid
responses, to a small dose of the study medication (THC/CBN/CBD; 3/0.3/0.15mg + 0.15ml placebo)

was assessed from a 3-hour observation period on the morning following this baseline PSG.

Eligible participants then underwent a one-week washout period following which they were
randomly allocated to ZTL-101 or placebo for two-weeks (see Supplementary Methods for further

detail on randomization procedure). Following a further one-week washout period, participants
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crossed-over to the alternate study arm for a further two-weeks. All participants and investigators
were blinded as to whether ZTL-101 or placebo was administered. Wrist-based activity monitors

were worn throughout each study arm with PSG studies performed on the 14™ night of each arm.

During each of the two-week study arms, participants sublingually self-administered 0.5ml of ZTL-
101 or placebo one, hour prior to their desired sleep time. With physician approval, participants
were allowed, but not required, to double the dose (i.e., increase to two syringes of ZTL-101 or
placebo = 1.0ml sublingually) from the 4" night of each two-week study period. Further increases in
dose were not permitted, although dose decreases were. Participants were contacted daily for the
first three days of each two-week study period, and following dose increases, to monitor adverse
events. Participants were supplied with sufficient doses for one week at a time and all used and

unused syringes were returned to the study site to confirm doses taken.

ZTL-101 contained delta-9-tetrahydrocannibinol (THC) 20mg/ml, cannabinol (CBN) 2mg/ml,
cannabidiol (CBD) 1mg/ml and naturally occurring terpenes, extracted from the cannabis plant, in
pharmaceutical grade sunflower oil as the diluent. The investigational product was manufactured to
an approved specification in a good manufacturing practice certified facility (Eurofins PROXY
Laboratories, Leiden, Netherlands). The placebo contained the same terpenes, but no cannabinoids,
extracted from the same cannabis plant, to match ZTL-101 as closely as possible for smell, taste and

colour (Eurofins PROXY Laboratories, Leiden, Netherlands).

Primary Outcomes

The co-primary outcome measures were: (i) frequency, type and severity of adverse events during
each of the two-week treatment periods; and (ii) global insomnia symptoms as assessed by the ISI on

the 14™ night of each two-week treatment period.
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Secondary Outcomes

Measures of sleep quality and quantity were obtained from the following methods: (i) self-report
from sleep diary (s); (ii) actigraphy (a) and; (iii) PSG. Measures of sleep quality/quantity derived from
each method, where possible, included sleep onset latency (SOL: time from lights off to falling
asleep); total sleep time (TST: total time spent asleep overnight); wake after sleep onset (WASO:
time spent awake after initially falling asleep until final out of bed time); sleep efficiency (SE:
proportion of time spent asleep between the period of lights out and out of bed time) and
awakening index (Al: number of awakenings per hour of sleep from lights out to out of bed time). A
rating of perceived sleep quality (sSQ) and feeling rested/refreshed on waking was also recorded.
Self-report and actigraphy measures were calculated from the mean of each of the two-week
baseline and treatment periods. The proportion of the sleep period spent in sleep stages N1, N2, N3
and REM were determined from PSG. Additional detail regarding each outcome measure is provided

in Supplementary Methods.

A Maintenance of Blinding Questionnaire[15] was administered on the 14" night of each study arm

to assess the success of participant blinding to treatment.

Pharmacokinetic Study

All participants who completed both two-week study periods were invited to an overnight study
during Feb-Mar 2020 to examine the 12-hour pharmacokinetic responses to a single dose (i.e.,
THC/CBN/CBD; 10/1/0.5mg), and in some participants, a double dose of ZTL-101 (i.e., THC/CBN/CBD;
20/2/1mg). Venous blood samples were drawn at 0,1,2,4,6,8,10 and 12 hours following dosing and
the plasma was analysed for CBD, CBN, THC and the metabolite carboxy-THC (THC-COOH) (see

Supplementary Methods for further detail on pharmacokinetic study).
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Statistical Analysis

Sample Size

No previous study had reported changes in ISI, the primary outcome measure, following cannabinoid
therapy for insomnia. Therefore, a sample size calculation was undertaken based on the assumption
that a clinically meaningful improvement in ISl was 6 points.[16] Assuming a SD of 6,[17] alpha level
of 0.05 and power of 0.9, a minimum of 13 participants were required to detect this difference. A
separate sample size calculation for the secondary outcome measure of SE from PSG was also
performed. In order to detect an increase in SE of 20 with a SD of 25,[18] power of 0.9 and alpha of
0.05, a minimum of 19 participants was required. To ensure a sufficient sample size to detect both
primary and secondary outcome measures in per protocol analysis and to allow for a 20% attrition
rate the planned sample size was 24 participants. Due to the high prevalence of OSA in the general
population, approximately 40% of participants were expected to be excluded following the baseline
PSG. Thus, we expected to consent a total of 40 participants, and exclude approximately 16

following consent due to the presence of OSA.

Linear mixed models were used to analyse differences in responses between the two study arms.
Fixed effects of treatment (placebo vs ZTL-101) and order and period of treatment were included,
along with random individual effects. Estimated differences in least squares means were calculated
along with standard errors and confidence intervals. Cohen’s d (effect size) was calculated based on
the method for paired data.[19] Whilst multiple tests were undertaken, and all results presented,

the p-values presented have not been adjusted for multiplicity.

One participant did not complete the baseline ISI questionnaire. Screening data was imputed for this
participant’s baseline data. One participant did not complete question three of the seven item ISl
guestionnaire on the first dosing arm (placebo). A mean of screening and baseline data (which were

identical) was imputed for this question. No other data were missing.
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Unless specified, data are presented as adjusted mean+SD and adjusted mean difference [95% Cl].

Results

Of 167 individuals considered for inclusion, 85 were ineligible due to concomitant medications
(n=35), age (n=23), other sleep disorders (n=11), comorbidities (n=4), currently participating in CBTi
(n=4), ISI<10 (n=4), self-exclusion for unknown reason (n=3) or history of falling asleep while driving
(n=1). In addition, 41 individuals declined participation due to lack of availability (n=31) or
unwillingness to participate in a pharmaceutical trial (n=10) leaving 41 participants who consented
for the trial. A total of 15 were excluded: 12 with significant other sleep disorders; two with suicidal
ideation; and one with contraindicated medication use. A further two participants withdrew prior to
initial dosing. Twenty-four participants (n=20 female, mean age 5319years) proceeded to dosing
(Figure 1). One female participant withdrew after the 4™ night of ZTL-101 due to non-serious
adverse events (xerostomia, oral hypoesthesia, swollen tongue, nausea). Twenty-three,
predominantly Caucasian (n=1 Asian) participants completed the full protocol (n=19 female; n=5

premenopausal; mean age 52+9years; mean BMI 24.8+3.6kg.m?).

Of the 23 participants who completed the protocol, 12 (52%) were taking a double dose of ZTL-101
on the 14" night. Sixteen (69.5%) were taking a double dose of placebo on the 14™ night. Twenty-
one of 21 participants (100%) (n=2 missing data) guessed that they were receiving the active
medication when taking ZTL-101. “Improvement in sleep quality” was the reason for their guess in
17 (81%) with adverse reactions the reason in the remaining four participants. When taking the
placebo, 18 of 23 participants (78%) thought they were receiving placebo. Sixteen noted “lack of

improvement in sleep quality” as the reason for their guess that they were receiving placebo.
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Primary Outcomes

Safety

No serious adverse events were reported. During ZTL-101 dosing, 36 non-serious adverse events
possibly or likely related to ZTL-101 medication were recorded from 17 participants. Four non-
serious adverse events were recorded from four participants during dosing with the placebo
medication and one non-serious adverse event was reported during sensitivity testing (Table 1). All
adverse events were classified as mild and had either resolved overnight or soon after waking

(97.5%).

Insomnia Symptoms

ISl scores at the end of two-weeks of ZTL-101 were significantly lower than scores following two-
weeks of placebo (adjusted mean difference -5.1 [95%Cl -2.9 to -7.3], p=0.0001, d=0.94; Figure 2;
Table 2). ISI scores for the 12 participants who took a single dose of ZTL-101 and 11 participants

who took a double dose are presented in Supplementary Results, Table S1.

Secondary Outcomes

Self-reported measures from sleep diary

When taking ZTL-101 vs placebo participants perceived that they went to sleep faster (sSOL)
(8.4mins [95%CI -16.3 to -0.6], p=0.0369, d=0.44), slept for longer (sTST) (64.6mins [95%Cl 41.7 to
87.5], p<0.0001, d=1.27), had improved sleep quality (sSQ) (0.7 [95%Cl 0.5 to 1.0], p<0.0001, d=1.37)

and felt more rested/refreshed on waking (0.5 [95%Cl 0.2 to 0.8], p=0.0007, d= 0.83) (Table 2).
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Actigraphy measures

Relative to placebo, ZTL-101 significantly decreased aWASO (-10.2mins [95%Cl -16.2 to -4.2],
p=0.0021, d=0.68) and increased aTST (33.4mins [95%Cl 23.1 to 43.8], p<0.001, d=1.44) and aSE
(2.9% [95%Cl 2.0 to 3.8], p<0.001, d=1.28) (Table 2). Measurements of aSOL (-0.4mins [95%Cl -1.2 to
0.4], p=0.2825, d=0.22) and aAl (0.1 [95%CI -1.6 to 1.8, p=0.8829, d=0.03]) were unchanged by ZTL-

101.

Polysomnography measures

Relative to placebo, ZTL-101 had minimal effect on SOL (0.42mins [95%Cl -26.4 to 27.3], p=0.9743,
d=0.00), WASO (15.1mins [95%Cl -7.9 to 38.1], p=0.1872, d=0.26), TST (-3.5mins [95%Cl -38.9 to
31.9], p=0.8396, d=0.03) and SE (-2.4% [95%Cl -8.4 to 3.6], p=0.4124, d=0.15). ZTL-101 had minimal
effect on the number of awakenings (4.1 [95%Cl -0.4 to 8.6], p=0.0709, d=0.40) (Table 2), proportion
of sleep stages or severity of obstructive sleep apnea or periodic limb movements (Table S2),

compared with placebo.

Pharmacokinetic measures

Pharmacokinetic measures were obtained in all those available to return for an additional night of
testing. Pharmacokinetic measures in response to a single dose of ZTL-101 were obtained in nine
participants. Time at which maximal plasma concentration was reached (T...,) occurred at 4-6 hours

for CBD, CBN, THC-COOH and THC (Figure 3).

Pharmacokinetic measures in response to a double dose of ZTL-101 (n=2) are displayed in Figure S1

and additional pharmacokinetic parameters are shown Table S3.
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Discussion

This Phase 1b study demonstrated that nightly sublingual administration of a novel cannabinoid
formulation for two-weeks improved insomnia symptoms without significant adverse events in
participants with chronic insomnia symptoms. This study used the ISI, a reliable, valid and widely
used instrument, to quantify perceived insomnia severity and its impact on daily function.[17] The
ISI was lower while taking ZTL-101 relative to placebo. Consistent with this positive treatment
response, improvements in self-reported sleep diary and objective actigraphic measures of sleep

quality and quantity were also documented.

The novel formulation, ZTL-101, was well tolerated with only one participant withdrawal, due to a
non-serious adverse event. Seventeen of the 24 participants experienced at least one adverse event
while taking ZTL-101, with dry mouth and dizziness being most frequently reported. Although the
number of adverse events is somewhat greater than that commonly reported for contemporary
hypnotics[20] it is comparable to other trials using medicinal cannabis.[21] Furthermore, all adverse
events were classified as mild and all but one (xerostomia, oral hypoesthesia, swollen tongue,
nausea in the participant who withdrew) had resolved upon waking or soon afterwards. The
occurrence of dizziness and hallucinations are the most concerning and suggest caution is required
in populations such as the elderly or those with psychiatric disorders. Although the occurrence of
adverse events may be reduced with a more gradual dose titration [22] it is clear that further
research is required to more comprehensively assess benefits and harms of medicinal cannabis use

for the treatment of insomnia.

The effects of ZTL-101 on sleep were assessed from self-report, actigraphy and PSG. Each of these
methods is widely used to assess sleep, although none are without limitations in individuals with
insomnia. For example, while self-reported sleep difficulty is the basis of the clinical diagnosis of

insomnia, self-reported measures of total time spent asleep and time taken to fall asleep at the start
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of the night are known to be under and overestimated, respectively.[23] Actigraphy can objectively
and unobtrusively measure sleep over multiple nights in the home environment. However, it tends
to overestimate sleep time and underestimate wake time because the method designates periods of
no motion as sleep, whether asleep or not. Polysomnography is considered the 'gold-standard’
method of defining sleep, wake, respiration and movement, and can therefore provide an objective
measure of sleep quality, quantity and identify other sleep disorders. It is typically performed in a
laboratory or clinic on a single night and is more intrusive than actigraphy. However, its use in
individuals with insomnia is limited by first night effects (i.e., patients sleeping worse or better than
usual) and an inability to capture night-to-night variability in sleep behaviour with a single night
measurement. To enable a thorough evaluation of the impact of ZTL-101 on sleep, the present

study utilized all three methods.

When taking ZTL-101 participants reported an improvement in the time taken to fall asleep, time
spent asleep and feelings of being more rested/refreshed on waking. These self-reported
improvements were supported by actigraphy-derived measures of the mean total time spent asleep
each night, which increased by 33.5mins; sleep efficiency, which increased by 2.9% to 84.8%; and
the time spent awake during the night, which decreased by 10mins. The mean total time spent
asleep across the two-week period was over 7 hours while taking ZTL-101, which is the
recommended minimum sleep duration for adults,[24] and above average for individuals of
comparable age without insomnia.[25] Despite this, the average time spent awake during the night
remained high-at greater than 70mins, possibly reflecting a persisting tendency to disturbed sleep in
individuals with chronic insomnia or that sufficient sleep had been achieved given the other
improvements. Notably, the time taken to fall asleep was unchanged by ZTL-101. This has been
reported in other studies[26] and could reflect a “floor effect” given the relatively short aSOL values
at baseline in the study participants; or the inability of actigraphy to differentiate motionless

wakefulness from sleep.
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The improvements in self-reported and actigraphy-based measures of sleep with

ZTL-101 were not seen in any PSG measure of sleep quantity or quality. This is likely due, at least in
part, to the inclusion criteria being based on self-reported diagnostic criteria for insomnia[27] rather
than PSG-defined insomnia, as well as the limitations of a single night PSG measure described
previously. The main purpose of PSG was to identify and exclude participants with other sleep
disorders such as sleep apnea and periodic limb movement disorder, which can coexist with
insomnia and potentially confound interpretation of any sleep-related changes ascribed to ZTL-101.
It is important to also note that ZTL-101 did not induce these sleep disorders, nor did it alter the
proportion of time spent in the different sleep stages. By contrast, alteration of the proportion of
sleep stages is common with many hypnotic medications; benzodiazepines, for example, are known

to significantly decrease the proportion of REM sleep.[28]

Insomnia is characterized by self-reported difficulties initiating or maintaining sleep.[2] As such, any
globally effective pharmacological therapy for it should be capable of targeting either characteristic.
To explore this, the pharmacokinetic properties of ZTL-101 overnight were determined after a
standardized evening meal, thereby obtaining measurements of drug metabolism under conditions
pertaining to its use in the clinical setting. Following a single dose of ZTL-101, peak plasma levels of
the major constituents were reached at approximately 4-6 hours. A similar profile was observed
following ingestion of a double dose of ZTL-101, albeit with greater maximum plasma levels.
Although it is possible that accumulation of cannabinoids might occur with dosing over multiple
nights, this has not been demonstrated in dosing with THC/CBD = 21.6/20.0mg out to 9 days. These
data suggest that for patients with sleep onset insomnia dosing 2-4 hours before desired bedtime
might be optimal, while those with sleep maintenance insomnia should dose one hour before

desired bedtime.
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Limitations

Due to the possible risk of exacerbating pre-existing conditions, individuals with a history of
significant cardiovascular disease or known major psychopathology were excluded. The safety and
efficacy of ZTL-101 in these populations remains to be established. Likewise, the possible drug-drug
interaction between ZTL-101 and cytochrome P450 inhibitors requires further investigation.
Maintenance of blinding is challenging in hypnotic[29] and cannabinoid trials[30] and this study is
one of the first randomized, placebo-controlled medicinal cannabis trials to assess efficacy of
blinding. The results of the blinding questionnaire suggest that despite considerable efforts to
ensure ZTL-101 and placebo were similar in appearance, odour and taste, effective blinding for a
beneficial treatment effect was unable to be achieved; thus the data should be interpreted with this
in mind. This is the first study to demonstrate acceptable safety and promising efficacy of a
cannabinoid therapy in a randomized, double-blind, placebo-controlled manner, although it was
limited to two-weeks and included a relatively small sample of participants. Similarly, the
pharmacokinetic component of the study used a subset of participants (n=9), which although small is

not unusual for pharmacokinetic studies.[31,32]

We undertook a multi-faceted study of the influence of ZTL-101 on sleep and wakeful function,
examining for a consistent trend across many measures beyond the ISI, the co-primary outcome
measure. Adjustment for multiple comparisons was not performed as we did not want to artificially
discount any of the exploratory analyses, which are all presented.[33] Further dedicated studies are
needed to confirm the promising findings of this preliminary investigation of a novel

pharmacological approach to a very common and vexing health issue.
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Conclusions

This study has demonstrated that ZTL-101, a novel cannabinoid therapy, is well tolerated and
improves insomnia symptoms and sleep quality in individuals with chronic insomnia symptoms.
These improvements, observed over a two-week dosing period, are encouraging and support further

investigation of ZTL-101 for the treatment of insomnia in studies with larger sample sizes.
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Table 1. Adverse events reported during ZTL-101 and placebo dosing ®

Adverse Event ZTL-101 Placebo Sensitivity
(n=24) (n=23) (n=24)
Headache 4 (16.7) 2(8.7) 0(0)
Xerostomia 8(33.3) 0(0) 1(4.2)
Dizziness 6 (25.0) 1(4.2) 0(0)
Feeling abnormal 4 (16.7) 0(0) 0.(0)
Dry eye 2 (8.3) 0(0) 0.(0)
Palpitations 2 (8.3) 0(0) 0(0)
Nausea 2 (8.3) 0(0) 0(0)
Ataxia 2(8.3) 0(0) 0(0)
Mood variable 1(4.2) 1(4.2) 0(0)
Tachyphrenia 1(4.2) 0(0) 0(0)
Auditory hallucinations 1(4.2) 0(0) 0(0)
Visual hallucinations 1(4.2) 0(0) 0(0)
Oral hypoesthesia 1(4.2) 0 (0) 0(0)
Swollen tongue 1(4.2) 0(0) 0(0)

? All values expressed as number and (percentage) of participants
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Table 2. Group mean® measures of insomnia symptoms and sleep quantity and

quality at baseline and during ZTL-101 and placebo dosing (n=23).

Baseline ZTL-101 Placebo p-valueb Effect size®
Insomnia Symptoms
ISI (score) 18.0+£3.7 129+53 18.0+4.3 0.0001 0.94
Self-reported measures — Sleep Diary
sSOL (mins) 47.6 £ 38.0 38.1+28.0 46.9+34.4 0.0369 0.44
STST (mins) 300.5 +82.6 366.7 £ 74.5 304.1 £81.0 <0.001 1.27
ssQ ¢ 25+05 3.2+0.6 2505 <0.001 1.37
Rested on Waking ° 1.2+04 1.8+0.6 1.2+05 0.0007 0.83
Actigraphy
aSOL (mins) 4.7+13 48+09 52+19 0.2825 0.22
aWASO (mins) 84.3+23.2 71.8+23.9 82.3x27.7 0.0021 0.68
aTST (mins) 398.9£33.8 424.7 £ 34.7 391.2 £ 35.5 <0.001 1.44
aSE (%) 81.8+4.3 84.8+43 81.9+49 <0.001 1.28
aAl (n) 24.8+5.8 23.4+6.0 23.6+6.2 0.1236 0.03
Polysomnography
SOL (mins) 123+11.4 255+22.0 254 +£52.7 0.9743 0.00
WASO (mins) 108.8 £49.5 96.2 £ 65.9 82.0+51.0 0.1872 0.26
TST (mins) 375.0 £ 68.4 384.3+82.0 386.9+72.0 0.8396 0.03
SE (%) 75.6 £10.6 75.8£14.2 78.0£12.7 0.4124 0.15
Al (n) 23.0+8.7 22.7+8.2 18.4£5.6 0.0709 0.40

ISI, Insomnia Severity Index (ISl); TST, total sleep time; SE, sleep efficiency; SOL, sleep onset latency; WASO,

wake after sleep onset; Al, awakening index; sQS, self-reported quality of sleep.

@ unadjusted mean + SD

® p-value based on linear mixed model analysis of treatment responses for ZTL-101 vs placebo

¢ Effect size for ZTL-101 vs placebo

d Rating of sleep quality O=very poor, 1=poor, 2= fair, 3=good, 4=very good

¢ Rating of feeling rested/refreshed upon waking 0=not at all rested, 1=slightly rested, 2= somewhat rested,
3=well-rested, 4=very well-rested
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Figure 3
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