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ABSTRACT

AIMS HTLooI18318 is a selective M; receptor partial agonist currently under de-
velopment for the symptomatic treatment of cognitive and behavioural symptoms
in Alzheimer’s disease (AD) and other dementias. We investigated safety, tolerability,
pharmacokinetics (k) and exploratory pharmacodynamics (PD) of HTLoo18318 fol-
lowing single ascending doses.

METHODS 'This randomized, double-blind, placebo-controlled study in 40
healthy younger adult and 57 healthy elderly subjects, investigated oral doses of 1-35
mg HTLoo18318. PD assessments were performed using a battery of neurocognitive
tasks and electrophysiological measurements. csF concentrations of HTLoo018318
and food effects on Pk of HTLo018318 were investigated in an open label and partial
cross-over design in 14 healthy subjects.

RESULTS Pharmacokinetics of HTLoo18318 were well-characterized showing
dose proportional increases in exposure from 1-35 mg. Single doses of HTLo018318
were associated with mild dose-related adverse events of low incidence in both
younger adult and elderly subjects. The most frequently reported cholinergic AEs in-
cluded hyperhidrosis and increases in blood pressure up to 10.3 mm Hg in younger
adults (95% c1 [4.2-16.3], 35 mg dose) and up to 11.9 mm Hg in elderly subjects (95%
c1 [4.9-18.9], 15 mg dose). There were no statistically significant effects on cognitive
function but the study was not powered to detect small to moderate effect sizes of
clinical relevance.

CONCLUSIONS HTLoo18318 showed well-characterized pharmacokinetics and
following single doses were generally well tolerated in the dose range studied. These
provide encouraging data in support of the development for HTLoo018318 for AD and
other dementias.
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INTRODUCTION

Alzheimer’s disease (AD) and Dementia with Lewy Bodies (DLB) are common
neurodegenerative disorders associated with cognitive decline and the onset of be-
havioural and psychiatric symptoms in the elderly. One of the pathological char-
acteristics is dysfunction of the cholinergic system® due to damage of the synapses
and a progressive and irreversible loss of cholinergic neurons of the nucleus basalis
of Meynert and medial septum (i.e. basal forebrain) that provide major source of
cholinergic innervation to the neocortex and hippocampus®®. These pathological
changes lead to disturbed cholinergic signalling, which plays a critical role in the
clinical characteristics of AD, including a decline of cognitive processes such as at-
tention, learning and memory””® as well as some of the behavioural and psychiatric
symptoms including hallucinations'®.

'The currently available treatment for AD and DLB is solely symptomatic, leading to
temporary improvement of cognitive functioning without affecting the underlying
pathophysiological processes and therefore without affecting disease progression. In
patients with mild to moderate AD, treatment consists of the NMDA receptor antago-
nist memantine or of acetylcholinesterase inhibitors (Achei) that inhibit the break-
down of the neurotransmitter acetylcholine, such as rivastigmine, donepezil and
galantamine. AchEIs increase concentrations of acetylcholine at the synapse which
subsequently activate cholinergic muscarinic and nicotinic receptors in the neocortex
and hippocampus. The efficacy of these treatments are modest and dosing is limited
by side effects consisting mainly of gastrointestinal adverse events (nausea, vomiting,
diarrhoea) that are a consequence of the increased acetylcholine level hyperstimulat-
ing peripheral M; and M3 receptorsn.The modest efficacy of AchEls is in part related
to their primary action of inhibiting aAch breakdown in degenerating pre-synaptic
cholinergic neurons with reduced ach synthesis capacity with disease progression.

An alternative and potentially more effective strategy is to target post-synaptic
M; receptors (nomenclature'?). The M receptor is the predominant muscarinic re-
ceptor in the central nervous system and is highly expressed in the neocortex and
hippocampus?. It has been demonstrated that this receptor is involved in memory

and learning processes“’”

and therefore drugs that stimulate the mM; receptor have
a cognitive enhancing potential'**®. Additionally, in contrast to other acetylcholine
receptors, the My receptor is relatively preserved in Ap including severe Ap?°, which
could allow treatment in more advanced stages of AD. Muscarinic receptor agonists
including the M1/M4 agonist Xanomeline and the M; bitopic agonist GSK1034702

17,21

have shown promising early clinical effects'”*'. The Phase 2 study of xanomeline in

AD patients showed statistically significant effects on cognitive function (measured
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using the cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADASs-
cog), general clinical status (measured using the Clinicians Interview-Based
Impression of Change (c1B1c+)),and behavioural symptoms such as delusions, hal-
lucinations, agitation (measured using the Alzheimer’s Disease Symptomatology
Scale (aDss))?!. However, treatment with xanomeline was associated with the emer-
gence of clinically significant, dose-dependent side effects (e.g. gastrointestinal ef-
fects and syncope) that were believed to be largely mediated through non-selective
stimulation of M, and M3 muscarinic receptors by the drug®??. Similarly, the m; bi-
topic agonist GSK1034702 was shown to improve episodic memory (measured using
the Cogstate International shopping list task) in a nicotine abstinence model of
cognitive dysfunction, but this compound failed to progress to Phase 2 studies due
to cardiovascular adverse events'’.

HTLooI8318, in this study administered as HCI salt (ethyl (3-endo)-3-(3-oxo-
2,8-diazaspirol 4.5]dec-8-yl)-8-azabicyclo [3.2.1Joctane- 8-carboxylate hydrochlori-
de), is a selective My receptor partial agonist that is being developed to treat the
symptomatic decline of cognitive function in dementias associated with cholin-
ergic degeneration including AD and DLB. Pre-clinical studies demonstrated that
HTLo018318 has approximately a two-fold selectivity for the M; over M4 receptors
with no detectable functional agonist activity at human M; and M3 reccptorsB.
Additionally, reversal of scopolamine-induced deficits have been shown in passive
avoidance learning in rats consistent with pro-cognitive effects reported with other
M; agonists on tests of learning and mcmory23. In this first in human study we aimed
to investigate the safety, tolerability and pharmacokinetics (k) of single ascending
doses of HTLOO18318 in healthy subjects. Exploratory pharmacodynamic (pD) mea-
sures were also included to assess effects of HTLo018318 on synaptic and cognitive
markers relevant for central target engagement.

METHODS

'This study was approved by the medical ethics review board of the foundation
Beoordeling Ethiek Biomedisch Onderzoek (BEBO, Assen, The Netherlands) and
conducted according to the principles of the Declaration of Helsinki and the 1cu
Gep guidelines®.

DESIGN 'This study consisted of three Parts. Part a used a double-blind, placebo
controlled, randomized, single ascending dose design and consisted of five cohorts
of eight healthy younger adult male subjects (6 active and 2 placebo per cohort).
Part B used an open label and partial cross-over design where 14 healthy younger
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adult male subjects were administered HTLoo18318 in the fasted state, and 6 sub-
jects dosed as a cross-over from the previous occasion in the fed state, separated by
awashout period of two to four weeks. A single csF sample was collected from 12 of
the fasted subjects in Part B.

Part c used a double-blind, placebo controlled, randomized, single ascending
dose design and consisted of five cohorts of 12 healthy elderly subjects, both male
and female (g active and 3 placebo per cohort).

PARTICIPANTS Younger adult subjects aged 18-55 years, inclusive, and elderly
subjects aged 265 years and over took part in the study. All subjects had to be healthy
with no current or past history of any physical, neurological or psychiatric illness
interfering with the study objectives and had to have a maximum resting blood
pressure of up to 140/9o mmHg and a heart rate between 45-100 bpm at screening.
Younger adult subjects were free of any medication. In elderly subjects, medication
was allowed at discretion of the investigator, but antihypertensive drugs were not al-
lowed (supplementary overview S1). Consumption of alcohol and caffeine contain-
ing products, the use of nicotine-containing products and products that influence
cyp3a4 and cypacg were not allowed prior to and during the study.

MATERIALS HTL0018318 was administered as an oral aqueous solution in 100
ml. Dose levels in Part A were 1 mg, 3 mg, 9 mg, 20 mg and 35 mg, in Part B 20 mg,
and in Part ¢ 9 mg, 15 mg, 23 mg, 30 mg and 35 mg. The 1 mg dose level is the human
equivalent to the no effect level (NOEL) in the most sensitive preclinical study (dog
cardiovascular study) with a 1o-fold safety margin. There was no further dose escala-
tion after the 35 mg dose level as it was decided to not exceed a Cayx of 267 ng/ml in
humans due to observed increases in blood pressure and change in heart rate in the
pre-clinical study. Water was used as placebo. To mask the difference in taste, if any,
between HTLoo18318 and placebo, a peppermint strip (Listerine) was administered
at one minute before and after the administration of the oral solution.

SAFETY AND TOLERABILITY ‘The primary safety and tolerability end points
investigated were treatment emergent adverse events (TEAESs), safety laboratory,
vital signs, electrocardiogram (Ecc), 24-hour Holter and pulmonary function test
(pFT). TEAE and serious adverse event (sAE) data were collected and recorded on the
first dosing visit, continuing until the follow-up visit. Systolic and diastolic blood
pressure (sBP and DBP), pulse rate, and single 12-lead EcGs were recorded at regu-
lar intervals. Twenty-four-hour Holter continuous ambulatory Ecc monitoring was
performed for approximately 24 hours at screening and at each dosing visit (starting
just prior to dosing).
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PHARMACOKINETIC ASSESSMENTS In all Parts, blood samples for de-
termination of plasma HTLoo18318 levels were collected at pre-dose and 15 min, 30
min,th,r.5h,2h,3h,4h,6h,8h,9h,12h,24 h,30h, 48 h,72 h and at follow-up (5-7
days post-dose). Urine was collected at pre-dose, up to 72 hours post-dose and at
follow-up. Plasma and urine samples were analyzed for HTLo018318 using a vali-
dated bioanalytical method based on protein precipitation, high performance liquid
chromatography with tandem mass spectrometric detection. Each bioanalytical run
used to support Pk endpoints met pre-defined acceptance criteria for quality control
(£ 15% of the nominal concentration) and calibration standards (+ 15% except + 20%
at the lower limit of quantification (LL0Q)). The quantification range was 0.5-1000
ng.ml™. The following px parameters were estimated from the plasma and urine
concentration for HTLoo18318 by non-compartmental analysis: the area under the
plasma concentration-time curve (auc) calculated from o to the last measurement
point (auce-last), from o to 24 h (AUCo-24) and Auc to infinity (AUCe-inf), maximum
plasma concentration (Cmay), time of the maximum plasma concentration (Tmax),
apparent half-life values (t1/2), apparent plasma clearance (CLp/F), amount of un-
changed drug excreted into the urine (Ae) and renal clearance (CLr). The effect of
food on exposure was assessed in terms of Tmax, Cmax, AUCo-t, and t1/5.

csF samples were collected only in Part B at 2, 4, 6 and 8 hours post-dose. One
csF sample was taken from each of 12 fasted subjects to create a composite concen-
tration-time profile with triplicate measures at each time point. csF samples were
analysed for HTLoo18318 using a suitably qualified bioanalytical method similar
to that used for plasma and urine. csF concentrations were used to calculate the
HTLo018318 unbound csF to unbound plasma ratio at each time point and the ap-
parent Cmay and Tmgay for CSF exposure.

EXPLORATORY PHARMACODYNAMIC ASSESSMENTS EXplOI'atOI'y PD
measures were included to assess effects of HTLo018318 on synaptic and cognitive
markers relevant for central target engagement as well as to assess any potential det-
rimental effects on brain function. The NeuroCart is a battery of tests for a wide
range of cNs domains that was developed to examine different classes of cNs-active
drugs®. In the present study the set of tests was customized to detect pD effects that
can be expected with a drug modulating the cholinergic system. The adaptive track-
ing measured attention and visuomotor coordination. Subjects were asked to use a
joystick to keep a randomly moving target on the screen inside a circle during three
minutes. The percentage accuracy was recorded” . The Milner maze test (MMT)
was used to evaluate spatial working memory, learning and executive function.
Subjects were required to complete a maze by using trial and error learning to locate
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a 28-step pathway that was hidden beneath a 1ox10 grid of tiles. There were three
types of trials in the MM T: Immediate for imprinting (five times the same path ver-
sion), Delayed (the same path once) and Reversed (the same path once in reversed
direction)®. The n-back test was used to evaluate (short-term) working memory
and executive function. Subjects had to remember and correlate a sequence of letters
presented in a random order**32. Synaptic activity was assessed using electrophysi-
ology and included resting EEG (power in delta, theta, alpha, beta and gamma bands)
and Event Related Potential (ErP) P300 and Mismatch Negativity (MmN). Other
PD measurements included the Leeds Sleep Evaluation Questionnaire (LSEQ) to as-
sess sleep quality®®, the visual analogue scale (vas) according to Bond and Lader
to assess subjective mood states**> (including a vas Nausea scale to assess subjec-
tive nausea) and pupil size (measured using a digital camera (Canon E0s1100D))
to monitor any drug effects on the sympathetic nervous system. The pupil size was
calculated as the ratio of the pupil diameter over the cornea diameter of each eye®®*’.
In addition, pulmonary function (assessed by the spirometry system Spirostik) and
saliva production (measured by the increase in weight of three Salivettes dental rolls
that were put into the oral cavity for three minutes) were also examined.

In Parts A and C, all tests were performed twice at baseline and repeated at 1 h,
3h,5h, 6 hand ¢ h after administration of HTLo018318 or placebo. The only excep-
tions were EEG/ERP measurements, which was also performed 2.5 hours post dose,
and the MMT, which was not performed 6 hours post dose. The extra EEG/ERP mea-
surement was performed since effects were expected based on a previous study with
an M; receptor agonist (data unpublished). The MM T was not performed in order to
reduce the subject burden. Pulmonary function test and saliva production measure-
ments were performed at regular intervals.

STATISTICS No formal hypothesis testing was conducted. Sample size was
chosen as a compromise between minimizing the exposure of human subjects to a
new chemical entity and the need to provide sufficient data. Hence the study was
not powered to detect any significant treatment related effects of small to moder-
ate effect sizes. To establish whether significant treatment effects could be detected,
repeatedly measured variables were analyzed with a mixed model analysis of cova-
riance with treatment, time and treatment by time as fixed factors, and subject as
random factor and the (average) baseline measurement as covariate. Single mea-
sured variables were analyzed with a one-way analysis of covariance with fixed factor
treatment and the baseline measurements as covariate. In these analysis models, all
means are estimated. These are called the least square means. All calculations were
performed using sas for windows V9.4 (sas Institute, Inc., Cary,Nc, UsA).
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ERP data (P300 and MMN) were excluded from statistical analysis due to data quality
and technical issues with stimuli timing and recording. Hence only resting state EEG
power data is reported.

RESULTS

SUBJECTS In Part A 40 subjects received a single dose of HTL0o018318 (n=30) or
placebo (n=10). The mean (range) age was 29.1 years (18—53), bodyweight was 79.1 kg
(54.8-105.6) and mean body mass index (8m1) was 23.5 kg.m™ (18.731.1).

In Part B 14 subjects completed the study. The mean age (range) was 29.0 years
(18—s1), weight was 77.3 kg (55.4—99.8) and the Bm1 was 24.3 kg.m (18.6-32.5). These
14 subjects include two additional subjects who were enrolled because csF-sampling
could not be performed in two initially included subjects.

In Part ¢ 57 subjects received a single dose of HTLoo018318 (n=43) or placebo
(n=14).The mean age was 71.0 years (range 65—82), the bodyweight was 74.2 kg (range
54.8-105.6), the BMI was 24.7 kg.m™ (range 19.4—31.6) and 33.3% were female. In the
30 mg cohort only nine subjects were included (7 active : 2 placebo) due to recruit-
ment difficulties.

SAFETY AND TOLERABILITY All TEAEs were mild or moderate in inten-
sity in both younger adult and elderly subjects who received HTLo018318. In Part
A, the most common TEAESs reported in younger adult subjects were gastrointesti-
nal symptoms (i.e. diarrhoea, nausea or vomiting), headache and hypertension (see
Table 1). One subject reported salivary hypersecretion after the 35 mg dose. The in-
cidence of TEAEs in Part A appeared to be dose-related both in terms of number of
TEAEs and number of subjects reporting TEAES.

In Part B of the study relatively more subjects (71.4%) reported back pain, which
was likely related to csF sampling. In Part ¢ the most common TEAEs reported in
elderly subjects were headache, hyperhidrosis, gastrointestinal symptoms (i.e. diar-
rhoea, nausea or vomiting) and hypertension (see Table 2). There was no dose related
increase in frequency of TEAEs, however, in the 35 mg cohort more hyperhidrosis
and hypertension were reported. As such, these specific symptoms may be related to
(increasing) dose of HTLOO18318.

In younger adult subjects in Part A, no consistent effects on systolic blood pres-
sure (sBP), diastolic blood pressure (DBP) or pulse rate measured in supine posi-
tion were observed in the 1 mg—30 mg dose range. However, following the 35 mg
dose, there was a 10.3 mm Hg (95% c1 [4.2-16.3], p=0.0015) increase in mean SBP,
a 9.2 mm Hg (95% c1 [3.2-15.1], p=0.0038) increase in mean DBP, and a 9.8 bpm
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increase in mean pulse rate (95% c1 [4.4-15.2], p=0.0008) relative to placebo (Figure
1). Hypertension was considered an TEAE in one subject following a 9 mg dose and
three subjects who received the 35 mg dose. In these four subjects, the sBp increased
between 14 and 40 mm Hg from baseline, and the DBP increased between o and 27
mm Hg from baseline between 25 minutes and 2 hours post dose. The highest sp
considered to be an TEAE was 145 mm Hg post dose which was 105 mm Hg at base-
line. The highest DBP was go mm Hg post dose, which was 63 mm Hg at baseline.

In elderly subjects in Part ¢, the mean sBp was significantly higher than pla-
cebo following 15 mg HTLoO18318 (difference of 11.9 mm Hg, 95% c1 [4.9-18.9],
p=o.0012), 23 mg (difference of 9.3 mm Hg, 95% c1 [2.2-16.5], p=0.0114) and 30 mg
(difference of 7.8 mm Hg, 95% c1 [0.3-15.4], p=0.0430). The mean DBP was signifi-
cantly higher following 15 mg (difference of 6.1 mm Hg, 95% c1 [1.4-10.8], p=0.0118)
and 23 mg (difference of 5.0 mm Hg, 95% c1 [0.2—9.7], p=0.04). Hypertension was
considered an TEAE in one subject following 9 mg HTLoo18318, one subject follow-
ing 15 mg, and three subjects following 35 mg administration. In these five subjects,
the sBP increased between 14 and 51 mm Hg from baseline and the pBP increased
between 10 and 31 mm Hg between 25 minutes and 3 hours post-dose. The highest
blood pressure considered to be an TEAE was 181/98 mm Hg, this was 156/82 mm Hg
at baseline.

No consistent clinically relevant abnormalities in chemistry and haematology
blood results, urinalysis, electrocardiograms and 24-hour Holter monitoring were
observed in both younger adult and elderly subjects.

PK ASSESSMENTS 'The plasma and csF Pk variables of HTLoo18318 are shown
in Table 3 and Figure 2. Plasma concentration increased immediately after dosing
with median Tmayx at 1.5 hours post-dose (range 0.5-6.0 hours). The Pk profile ap-
peared biphasic after cpax. Renal elimination was a significant route of clearance.
'The renal clearance was slightly higher in younger adults (8—9 L.h™) compared with
elderly subjects (s—8L.h™"). The mean t1/, was 12 hours in younger adults and 16 hours
in elderly subjects, which resulted in a slight increase in dose-normalized Auc in
elderly subjects. Based on the recovery of unchanged HTLoo018318 in urine over 72
hours, absolute oral bioavailability was at least 18-64% in younger adults and 28—88%
in elderly subjects. Exposure in terms of cax and AUC-inf appeared to be dose-lin-
ear over the range 1—35 mg. The highest individual plasma concentration measured
was 231 ng.ml™ in younger adults and 260 ng.ml™ in elderly, both following 35 mg
administration.

The csF to unbound plasma concentration ratio was 0.16 at 2 hours rising to
0.82 at ¢ hours (Figure 3), using a HTLo018318 fraction unbound of 0.94 in human
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plasma. The csF concentration increased from 2 to 3 hours post-dose and remained
at approximately the same (mean 22.6 to 30.3 ng.ml™) to the last sampling point at
9 hours post-dose, with the rise in apparent unbound partition coefficient (kpuu)
being primarily a function of decreasing plasma HTLoo018318 concentration.

Dosing an oral solution of HTLoo018318 with an FDA-style high calorie breakfast
caused a trend towards delay in median Tmax from 0.75 to 2.25 hours and a 20% de-
crease in mean Cpqy (ratio: 79.35%, 90% c1 [70.09—89.83]) with an unchanged Auco.
inf (ratio: 103.11%, 9o% c1 [95.74—111.06]) and ti/5 (ratio: 98.91 %, 90 % c1 [75.38—
129.78 ).

PD ASSESSMENTS  Overall, single doses of HTLoo018318 showed no acute ef-
fects on measures of synaptic and cognitive function. While the study was not pow-
ered to detect small to moderate pro- cognitive effects of HTLoo18318, selective
statistically significant effects were noted for some endpoints (table Sz and S3 in
supplement). However, these effects appeared to be independent of the cognitive
domains assessed, EEG frequency band, dose of HTLo018318, electrode position and
cohort type. Interestingly some trend level significant improvements (i.e. effect sizes
above 0.4 and p values under o.2) in certain cognitive processes including memory/
executive function (Milner maze) was observed, particularly in the elderly.

In both younger adults and elderly, isolated significant differences were observed
in the vas Bond and Lader, vas Nausea and LsEQ outcomes between HTLo018318
and placebo treatment (table Sz and S3 in supplement). These differences were in-
consistent and the magnitude of the change were less than 5 mm change on a 100
mm vAs scale and therefore considered clinically insignificant.

In the healthy elderly, HTLo018318 caused a small but consistent increase in
pupil/iris ratio in left eye and right eye. In the 15 mg, 23 mg, 30 mg, and 35 mg co-
horts, a significant increase in pupil/iris ratio (left eye) was observed compared to
placebo, and in the 15 mg, 23 mg, and 30 mg cohorts, a significant increase in pupil/
iris ratio (right eye) was observed compared to placebo, indicating an increase in
pupil size. In younger adult and elderly subjects, administration of all dose levels of
HTLoo18318 did not lead to significant increases in saliva production and did not
significantly affect pulmonary function compared to placebo.

DISCUSSION

'This first-in-man study investigated the safety and tolerability, Pk and exploratory
pD effects of the M; receptor partial agonist HTLoo18318, administered as an oral
solution in healthy younger adult and elderly subjects.
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Single doses (1-35 mg) of HTLoo18318 were associated with mild dose-related
TEAEs (with low incidence) in both younger adult and elderly subjects. The most
frequently reported TEAEs likely to be cholinergic-mediated included hyperhidro-
sis and increases in blood pressure, particularly following the 35 mg dose (younger
adults) and 23 mg and 35 mg doses (elderly). In younger adult subjects, doses up to
20 mg were not associated with changes in systolic and diastolic blood pressure and
heart rate. However, the 35 mg dose was associated with an increase in mean systolic
and diastolic blood pressure (up to 10 mm Hg) and mean heart rate (up to 9.8 bpm).
In elderly subjects, significant increases in mean systolic and diastolic blood pressure
(up to 11.9 mm Hg) and mean heart rate (up to 6.3 bpm) were observed in the 15—35
mg dose range, with no clear evidence of dose-dependency. The increase in blood
pressure and heart rate is consistent with expected effects of M; receptor stimulation
on the cardiovascular system®®. Development of m; orthosteric and allosteric ago-
nists is often limited by cholinergic side effect, as was the case in the development of
Xanomeline, PF-06767832, AzZD6088 and Gsk1034702°"*!. More recently, the My
positive allosteric modulator Mx7622 was also associated with more adverse events
(including 2-3 times more cholinergic related adverse events) in AD patients and
more study discontinuations than placebo. This is intriguing given the widely sug-
gested hypothesis that allosteric modulation of the muscarinic M; receptor would
provide improved therapeutic margins. While the profile of adverse events observed
in this single dose study in healthy younger adults and elderly subjects is generally
consistent with that reported clinically with other muscarinic receptor orthosteric

and allosteric zlgonis'csl7’21’42

, we report low incidence of cholinergic adverse events
with HTLoo18318 with doses below 35 mg. The higher incidence of adverse events
and increase in blood pressure and heart rate at the 35 mg dose suggests that, at least
in healthy younger adult and elderly subjects, single doses above 35 mg may be less
well-tolerated. In the current study, while doses up to 35 mg were well-tolerated, it
remains to be determined if doses up to and including 35 mg are better tolerated fol-
lowing repeat dosing in healthy subjects as well as patients with Alzheimer’s Disease
who reportedly have lower autonomic function®. It is likely that the safety profile of
M; agonists including HTLoo18318 may vary depending on the patient population.
The pharmacokinetics of HTLo018318 were well-characterized in younger adult
and elderly subjects up to a 35 mg single dose. Exposure was dose-proportional over
the range 1-35 mg. Absorption was rapid with Tmay typically around 1—2 hours post-
dose and a typical oral Pk profile which was biphasic after Cmay. In general, elderly
subjects appeared to have marginally higher Auc values and lower oral clearance
than younger adults (CLp/F 15—21 L.h™" in younger adult and 12—17 L.h™ in elderly
subjects). HTLoo18318 was found to distribute into c¢sF with a csF:plasma ratio of
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about 30% based on cmax and Auc (16-82 % in csF as fraction of unbound plasma
HTLO0018318 concentration, from 2—9 hrs respectively). The csF to unbound plasma
ratio for HTLoo18318 is comparable or higher than the equivalent ratio for drugs ap-
proved for symptomatic treatment described in literature**”. The concentration of
donepezil in csF achieved 11.25% 12 hours post administration and 25.97% 24 hours
post administration, compared with plasma concentrations* while approximately
30—40% of rivastigmine plasma concentrations were detected in the csr*. These
data are encouraging in relation to achieving sufficient brain exposure to exert pro-
cognitive effects and indicate the potential for HTLoo18318 to persist in the csF as
plasma HTLoo18318 concentration decline after dosing.

'The mean apparent oral half-life of HTLo018318 in healthy subjects was 12 h in
younger adult subjects and 16 h in elderly subjects predicting minimal (< 2-fold) ac-
cumulation at steady-state and appeared independent of dose. The longer half-life
resulted in a slight increase in dose-normalized exposure in elderly subjects. This
half-life would support once daily dosing, which would favour compliance in elderly
patients with dementia. Variability in exposure (Cmax, AUC, t%4) was modest, with
inter-individual variability typically 20—40 %cv. A substantial portion of the dose
was eliminated unchanged in urine with renal clearance being slightly higher in
younger adults (8—9 L.h™) compared with elderly subjects (5—8 L.h™). Based on the
recovery of HTLoo18318 in urine, minimum absolute oral bioavailability was at least
18—64% in younger adults and 28—-88% in elderly subjects. Dosing an oral solution of
HTLoo018318 with an FDA-style high calorie breakfast caused a trend towards delay
in Tmax (group median 0.75 h to 2.25 h) and a 20% decrease in mean cpax with an
unchanged auc and half-life.

While the current study was not powered to examine pharmacodynamic effects
of clinical relevance, exploratory biomarkers of synaptic and cognitive function were
assessed in order to provide early evidence of cNs target engagement as well as any
potential adverse effects (i.e. cognitive safety). Single doses of HTLo018318 up to
35 mg had a no deleterious effects on biomarkers of synaptic or cognitive function
suggesting a favourable cognitive safety profile. Such effects are important to ex-
amine in single dose studies given the potential inverted u dose response effects on
cognition often reported for drugs targeting receptors on cortical pyramidal cells
including M; receptors*®. HTL0018318 across different doses had selective statisti-
cally significant effects on some biomarkers of synaptic and cognitive function as
shown in the supplement table, however these effects were fairly isolated and in-
consistent with regard to the dose of HTLo018318, cognitive domains modulated,
the EEG frequency band affected including the electrode position and the cohort
type. Hence no meaningful conclusions could be drawn from the observations
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regarding consistent improvement in cognitive function. Interestingly some trend
level improvements (i.e. effect sizes above 0.4 and p values under o.2) were noted
on certain cognitive processes including memory/executive function (Milner maze)
particularly in the elderly. While overall these data are interesting and encouraging,
given the very small sample size of the study and lack of multiplicity corrections, we
simply note these observations with a view to further exploring these biomarkers
of synaptic and cognitive function in future studies in healthy subjects and patients
with Alzheimer’s disease.

'There were some notable effects (and lack of effects) of HTLoo18318 in this study
that warrant further discussion. In the healthy elderly, HTLoo18318 caused a small
but consistent increase in pupil/iris ratio in left eye and right eye. In the 15 mg, 23
mg, 30 mg, and 35 mg cohorts, a significant increase in pupil/iris ratio (left eye) was
observed compared to placebo, and in the 15 mg, 23 mg, and 30 mg cohorts, a sig-
nificant increase in pupil/iris ratio (right eye) was observed compared to placebo,
indicating an increase in pupil size. The human eye has varying expressions of mus-
carinic receptors including m; receptors in the in the ciliary processes and iris**°.
It is possible that the small increase in pupil/iris ratio reflecting mydriasis is asso-
ciated with sympathetic activation of the dilator muscle in the iris. Increased sa-
liva production was to be expected in the current study, based on the fact that saliva
production is modulated by a number of muscarinic receptors including M1 and M3
receptors®’, and because salivary hypersecretion has been described in other stud-
ies investigating M; receptor agonistsl7’42’5 2, Interestingly, no signiﬁcant increase in
saliva production was observed in the current study. The measurement technique of
saliva production and materials (Saliva Collection Aid (Salimetrics, uk)) are widely
used and hence the sensitivity of the assay is unlikely to be the reason for not observ-
ing a change in saliva secretion. It is more likely that the influence of HTLO018318 0n
saliva production was too small to observe and therefore clinically irrelevant. It also
confirms the selectivity of HTLoo18318 as salivary secretion is predominantly medi-
ated by M3 receptors®®. Finally no clinically relevant abnormalities in chemistry, liver
enzymes, haematology blood markers, urinalysis, electrocardiograms and 24-hour
Holter registrations were observed in both young and elderly subjects.

In summary, HTLo018318 showed well-characterized pharmacokinetics and
was generally well-tolerated in the dose range studied in healthy younger adults
and elderly subjects. The incidence of adverse events including cholinergic adverse
events were mild and dose-related with low incidence. These findings provide
encouraging safety and pharmacokinetic data in support of the development of
HTLOo0I8318 as a symptomatic treatment for cognitive impairment in dementia
including AD and DLB.

CHAPTER 111 — SAFETY AND PHARMACOKINETICS OF SINGLE DOSES OF HTLOO18318

57



REFERENCES

10

II

12

3

15

C.R.Overk, & E. Masliah. Pathogenesis of synaptic
degeneration in Alzheimer’s disease and Lewy body disease.
Biochem Pharmacol 2014; 88(4), 508-516.

S.W.Scheff, D. A. Price, F. A. Schmitt, K. N. Roberts, M. D.
Ikonomovic, & E.J. Mufson. Synapse stability in the precuneus
early in the progression of Alzheimer’s disease. J Alzheimers
Dis 2013; 35(3), 599-609.

A.Burns, P. Whitehouse, T. Arendt, & H. Forsti. Alzheimer’s
disease in senile dementia: loss of neurones in the basal
forebrain. Int ] Geriatr Psychiatry 1997; 12(1), 7-10.

M. M. Mesulam. Cholinergic circuitry of the human nucleus
basalis and its fate in Alzheimer’s disease. ] Comp Neurol 2013;
521(18), 4124-4144.

M.]. Grothe, C. Schuster, F. Bauer, H. Heinsen, J. Prudlo, & S.].
Teipel. Atrophy of the cholinergic basal forebrain in dementia
with Lewy bodies and Alzheimer’s disease dementia. J Neurol
2014; 261(10),1939-1948.

E.K. Perry, V.Haroutunian, K. L. Davis, R. Levy, P. Lantos, S.
Eagger, et al. Neocortical cholinergic activities differentiate
Lewy body dementia from classical Alzheimer’s disease.
Neuroreport 1994; 5(7), 747-749-

R.D.Terry, E.Masliah, D.P. Salmon, N. Butters, R. DeTeresa,
R.Hill, et al. Physical basis of cognitive alterations in
Alzheimer’s disease: synapse loss is the major correlate of
cognitive impairment. Ann Neurol 1997; 30(4), 572-580.

M. S. Salahudeen, S. B. Duffull, & P. S. Nishtala.
Anticholinergic burden quantified by anticholinergic risk scales
and adverse outcomes in older people: a systematic review.
BMC Geriatr 2015; 15, 31.

W. Samuel, M. Alford, C.R. Hofstetter, & L. Hansen.
Dementia with Lewy bodies versus pure Alzheimer disease:
differences in cognition, neuropathology, cholinergic
dysfunction, and synapse density. ] Neuropathol Exp Neurol
19973 56(5), 499-508.

E.K.Perry, & R.H. Perry. Acetylcholine and hallucinations:
disease-related compared to drug-induced alterations in human
consciousness. Brain Cogn 1995; 28(3), 240-258.
C.C.Tan,].T.Yu,H.F.Wang, M. S.Tan, X. F. Meng, C. Wang,
et al. Efficacy and safety of donepezil, galantamine, rivastigmine,
and memantine for the treatment of Alzheimer’s disease: a
systematic review and meta-analysis. ] Alzheimers Dis 2014;
41(2), 615-631.

S.P.H. Alexander, A. Christopoulos, A. P. Davenport, E.
Kelly, A. Mathie, J. A. Peters, et al. The Concise Guide To
Pharmacology 2019/20: G protein-coupled receptors. Br ]
Pharmacol 2019; 176 Suppl 1(Suppl 1), S21-s141.

D.D.Flynn, G.Ferrari-DiLeo,D.C.Mash, & A.I. Levey.
Differential regulation of molecular subtypes of muscarinic
receptors in Alzheimer’s disease. ] Neurochem 1995; 64(4),
1888-1891.

S.G. Anagnostaras, G. G. Murphy, S. E. Hamilton, S. L.
Mitchell,N. P. Rahnama, N. M. Nathanson, et al. Selective
cognitive dysfunction in acetylcholine My muscarinic receptor
mutant mice. Nat Neurosci 2003; 6(1), 51-58.

K.Leaderbrand, H.J.Chen, K. A. Corcoran, A. L. Guedea, V.

Jovasevic, ]. Wess, et al. Muscarinic acetylcholine receptors act

17

18

19

20

21

22

23

24

25

26

27

28

29

in synergy to facilitate learning and memory. Learn Mem 2016;
23(11), 631-638.

H.S.Lange, C.E.Cannon,]. T. Drott, S.D. Kuduk, & J. M.
Uslaner. The My Muscarinic Positive Allosteric Modulator
PQCA Improves Performance on Translatable Tests of
Memory and Attention in Rhesus Monkeys. ] Pharmacol Exp
Ther 2015; 355(3), 442-450.

P.J.Nathan,]. Watson, J. Lund, C. H. Davies, G. Peters, C.

M. Dodds, et al. The potent My receptor allosteric agonist
GSK1034702 improves episodic memory in humans in the
nicotine abstinence model of cognitive dysfunction. Int]
Neuropsychopharmacol 2013; 16(4), 721-731.

M. L.Watt,D.A. Schober, S. Hitchcock, B. Liu, A. K.
Chesterfield, D. McKinzie, et al. Pharmacological characteriza-
tion of LY593093,an My muscarinic acetylcholine receptor-
selective partial orthosteric agonist. ] Pharmacol Exp Ther 2011;
338(2), 622-632.

A.C.Ruske, & K.G.White. Facilitation of memory perfor-
mance by a novel muscarinic agonist in young and old rats.
Pharmacol Biochem Behav 1999; 63(4), 663-667.
D.C.Mash,D.D.Flynn,& L. T. Potter. Loss of M, muscarine
receptors in the cerebral cortex in Alzheimer’s disease and
experimental cholinergic denervation. Science 1985; 228(4703),
II§-1117.

N.C.Bodick, W.W. Offen, A.I.Levey,N.R. Cutler, S.G.
Gauthier, A. Satlin, et al. Effects of xanomeline, a selective
muscarinic receptor agonist, on cognitive function and behav-
ioral symptoms in Alzheimer disease. Arch Neurol 1997; 54(4),
465-473.

J.N.Heinrich,]. A. Butera, T. Carrick, A. Kramer, D. Kowal, T.
Lock, et al. Pharmacological comparison of muscarinic ligands:
historical versus more recent muscarinic My-preferring receptor
agonists. Eur ] Pharmacol 2009; 605(1-3), 53-56.

Congreve M, Brown AJH, & C.J.Identification of novel
Muscarinic My agonist HTLoo18318 using structure based drug
design. J. Am. Chem Soc 2020; (in preparation).

‘World Medical Association Declaration of Helsinki: ethical
principles for medical research involving human subjects. Jama
2013; 310(20), 2191-2194.

G.]. Groeneveld,]. L. Hay, & J. M. Van Gerven. Measuring
blood-brain barrier penetration using the NeuroCart,

acNs test battery. Drug Discov Today Technol 2016;

20,27-34-

R.G.Borland, & A.N. Nicholson. Comparison of the residual
effects of two benzodiazepines (nitrazepam and flurazepam
hydrochloride) and pentobarbitone sodium on human perfor-
mance. Br] Clin Pharmacol 1975; 2(1), 9-17.

R.G.Borland, & A.N. Nicholson. Visual motor co-ordination
and dynamic visual acuity. BrJ Clin Pharmacol 1984; 18 Suppl
1,695-72S.

A.L.van Steveninck, B. N.van Berckel, R. C. Schoemaker, D.
D.Breimer,]. M.van Gerven, & A. F. Cohen. The sensitivity of
pharmacodynamic tests for the central nervous system effects
of drugs on the effects of sleep deprivation. J Psychopharmacol
1999; 13(1), 10-17.

B. Milner. Visually-guided maze learning in man: Effects of
bilateral hippocampal, bilateral frontal,and unilateral cerebral
lesions. Neuropsychologia 1965; 3(4), 317-338.

INNOVATIVE CHOLINERGIC COMPOUNDS FOR THE TREATMENT OF COGNITIVE DYSFUNCTION

58

30

31

32

33

34

35

36

37

38

39

H.K.Lim,R.Juh,C.U.Pae,B.T. Lee, S.S. Yoo, S. H.

Ryu, et al. Altered verbal working memory process in

patients with Alzheimer’s disease: an fMRI investigation.
Neuropsychobiology 2008; 57(4), 181-187.

S.A.Rombouts, F. Barkhof, C.S. Van Meel, & P. Scheltens.
Alterations in brain activation during cholinergic enhancement
with rivastigmine in Alzheimer’s disease. ] Neurol Neurosurg
Psychiatry 2002; 73(6), 665-671.

L.H. Sweet, S. M. Rao, M. Primeau, S. Durgerian, & R. A.
Cohen. Functional magnetic resonance imaging response to
increased verbal working memory demands among patients
with multiple sclerosis. Hum Brain Mapp 2006; 27(1), 28-36.
A.C.Parrott,&I.Hindmarch. The Leeds Sleep Evaluation
Questionnaire in psychopharmacological investigations—a
review. Psychopharmacology (Berl) 1980; 71(2),173-179.

S.]J.de Visser,]. P.van der Post, P.P.de Waal, F. Cornet, A.
F.Cohen, &J. M. van Gerven. Biomarkers for the effects of
benzodiazepines in healthy volunteers. Br ] Clin Pharmacol
2003; 55(1),39-50.

S.J.de Visser,].van der Post, M. S. Pieters, A. F. Cohen, & J. M.
van Gerven. Biomarkers for the effects of antipsychotic drugs in
healthy volunteers. BrJ Clin Pharmacol 2001; 51(2), 119-132.
A.Bond, & M. Lader. The use of analogue scales in rating
subjective feelings. British Journal of Medical Psychology 1974;
47(3), 211-218.

M. D.Twa,M.D.Bailey,]. Hayes, & M. Bullimore. Estimation
of pupil size by digital photography. J Cataract Refract Surg
2004;30(2),381-389.

S.N.Hardouin, K. N. Richmond, A. Zimmerman, S.
E.Hamilton, E. O.Feigl, & N.M. Nathanson. Altered
cardiovascular responses in mice lacking the M(1) muscarinic
acetylcholine receptor. ] Pharmacol Exp Ther 2002; 301(1),
129-137.

M. E.Hasselmo. The role of acetylcholine in learning and
memory. Curr Opin Neurobiol 2006; 16(6), 710-715.

40 J.E.Davoren,C.W.Lee, M. Garnsey, M. A. Brodney, ]. Cordes,

41

K. Dlugolenski, et al. Discovery of the Potent and Selective

M1 PAM-Agonist N-[(3R,4S)-3-Hydroxytetrahydro-2H-
pyran-4-yl]-s-methyl-4-[4-(1,3-thiazol-4-yl)ben zyl]pyridine-
2-carboxamide (PF-06767832): Evaluation of Efficacy and
Cholinergic Side Effects. ] Med Chem 2016; 59(13), 6313-6328.
C.C.Felder,P.]J. Goldsmith, K. Jackson, H. E. Sanger, D. A.
Evans, A.].Mogg, et al. Current status of muscarinic My and
M4 receptors as drug targets for neurodegenerative diseases.
Neuropharmacology 2018.

43

44

45

46

47

48

49

50

51

52

T.Voss,].Li,]. Cummings, M. Farlow, C. Assaid, S. Froman,
etal. Randomized, controlled, proof-of-concept trial of MK-
7622 in Alzheimer’s disease. Alzheimers Dement (N'Y) 2018;
4,173-181.

E.Engelhardt, & J. Laks. Alzheimer disease neuropathology:
understanding autonomic dysfunction. Dement Neuropsychol
2008; 2(3),183-191.

M. Valis, ]. Masopust, O. Vysata,]. Hort, R. Dolezal, ]. Tomek,
etal. Concentration of Donepezil in the Cerebrospinal Fluid
of Ap Patients: Evaluation of Dosage Sufficiency in Standard
Treatment Strategy. Neurotox Res 2017; 31(1), 162-168.
M.W.Jann, K. L. Shirley, & G.W. Small. Clinical
pharmacokinetics and pharmacodynamics of cholinesterase
inhibitors. Clin Pharmacokinet 2002; 41(10), 719-739.
J.S.Kennedy, R.]. Polinsky, B. Johnson, P. Loosen, A.

Enz,R. Laplanche, et al. Preferential cerebrospinal fluid
acetylcholinesterase inhibition by rivastigmine in humans. J
Clin Psychopharmacol 1999; 19(6), 513-521.

T. Darreh-Shori, L. Meurling, T. Pettersson, K. Hugosson, E.
Hellstrom-Lindahl, N. Andreasen, et al. Changes in the activity
and protein levels of csF acetylcholinesterases in relation to
cognitive function of patients with mild Alzheimer’s disease
following chronic donepezil treatment. ] Neural Transm
(Vienna) 2006; 113(11), 1791-1801.

S.Vijayraghavan, A.J. Major, & S. Everling. Muscarinic My
Receptor Overstimulation Disrupts Working Memory Activity
for Rules in Primate Prefrontal Cortex. Neuron 2018; 98(6),
1256-1268.€1254.

N. Gupta, R. McAllister, S. M. Drance, ]. Rootman, & M.

S. Cynader. Muscarinic receptor My and M, subtypes in the
human eye: QNB, pirenzipine, oxotremorine, and AFDX-116 in
vitro autoradiography. Br J Ophthalmol 1994;78(7), 555-559-
D.W.Gil, H. A. Krauss, A. M. Bogardus, & E. WoldeMussie.
Muscarinic receptor subtypes in human iris-ciliary body
measured by immunoprecipitation. Invest Ophthalmol Vis Sci
1997;38(7), 1434-1442.

F.P.Bymaster, P. A. Carter, M. Yamada, ]. Gomeza, ]. Wess,
S.E.Hamilton, et al. Role of specific muscarinic receptor
subtypes in cholinergic parasympathomimetic responses, in vivo
phosphoinositide hydrolysis, and pilocarpine-induced seizure
activity. Eur ] Neurosci 2003; 17(7), 1403-1410.

J.J.Sramek, D.]. Hurley, T. S. Wardle,]. H. Satterwhite, J.
Hourani, F. Dies, et al. The safety and tolerance of xanomeline
tartrate in patients with Alzheimer’s disease. ] Clin Pharmacol
1995; 35(8), 800-806.

CHAPTER 111 — SAFETY AND PHARMACOKINETICS OF SINGLE DOSES OF HTLOO18318

59



TABLEI  Most reported treatment-emergent adverse events (TEAES) by younger adult subjects; number of subjects (%) FIGURET Vital signs in adult subjects (a,B,c) and elderly subjects (D, E,F) presented as change from baseline (mean,

per treatment group. 95% C1 error bars). — see inside front cover for these images in full color.
Placebo 1mg 3mg 9mg 20 mg 35mg All HTLOOI8318 )
nom =G - - =6 = — b Tioteowom  — RLOOIO8 o WTLOBIEOID 5o R e T GHERAS, IESNEY
0,
All TEAES 6 (60.0) 0 2(33.3) 3(50) 3(50.0) 6(100.0) 14 (46.6)
Diarrhoea/nausea/vomiting 1 (10.0) 0 0 0 1(16.7) 2(33.3) 3(10.0) m N
Hypertension 0 0 0 1(167) 0 3(500)  4(13.3) § d
Headache 3(300) 0 0 0 1(16.7) 2(333)  3(10.0) E’ N -
3
- = ———
TABLE2  Most reported treatment-emergent adverse events (TEAES) by elderly subjects; number of subjects (%) per i 0 § oo s — .
treatment group. '“) ] t 7
4|
Placebo 9mg 15 mg 23 mg 30 mg 35 mg All HTLOOI8318 a0 |
n=14 n=9 n=9 n=g9 n=7y n=g9 n=43 o0 Z00 400 B00 B0 1000 1200 1400 80 R0 00 200 00 TO0 200 a0 800 000 1000 1300 1400 1800 8GO 000 300 3400
Time (htomm) Ve (ioh:mmy
All TEAES 3(21.4) 6 (66.7) 4(44.4) 6 (66.7) 6(85.7) 7(77.8) 29 (67.4) ‘
Diarrhoea/nausea/vomiting 0 1111)  10L)  2(22) 1(143) 1(1L1)  6(140) e RiiSiemaomg ™™ MTiooasisovg  — HTLcotest g R R i SR
Hypertension 0 1(111)  1311) 0 0 3(333)  5(1L6) ? [ N
Hyperhidrosis 0 0 0 3(33.3) 2(28.6) 5(55.6) 10 (23.3) . ) “
Headache 0 2(22.2) 2(22.2) 2(22.2) 2(28.6) 2(28.6) 10 (23.3) " | \ J s

f N
DAVR
&) % A
e

TABLE3  Pharmacokinetic parameters of HTLoo18318 in csF and plasma in younger adults after 20 mg HTLo018318.
Group mean.
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FIGURE2 HTL00I8318 arithmetic mean (+ standard deviation) plasma concentration against time after dose following
single oral doses of HTL0018318 in healthy younger adults () and elderly (8) subjects.

250
E
@
£
©
g —4=35mg
=
5 20mg
g 9mg
]
= ~—3mg
=
E —t—1mg
0 6 12 18 24 30 36 42 48 54 60 66 72 78
time (hrs)
250
E
@
£
©
E —+—35mg
=
= 30mg
oo
= 23mg
]
g —m—15mg
E ——=9mg

0 6 12 18 24 30 36 42 48 54 60 66 72 78
time (hrs)

FIGURE3 HTL0oI18318 plasma and cerebrospinal fluid (cs¥) concentration—time profile after 20 mg HTLo018318 in fasted
state. Group mean * standard deviation.
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