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Abstract

Aim: To report the results from a Phase 1 trial of an extended-release peptide YY
analogue, Y14, developed for the treatment of obesity.

Methods: Y14 was evaluated in overweight/obese volunteers in a Phase 1 randomized
placebo-controlled trial, conducted in a clinical trial unit in the United Kingdom. Part A
was a blinded single-ascending-dose study evaluating doses up to 36 mg. Part B was
double-blinded and tested multiple ascending doses between 9 and 36 mg, given at 7-
to 14-day intervals, over the course of 28 days, with up to five doses given per partici-
pant. The primary outcome was safety and tolerability; the secondary outcome was
assessment of pharmacokinetic (PK) characteristics. Exploratory outcomes included
food intake, body weight change and glucose tolerance after multiple doses.

Results: Between April 11, 2017 and December 24, 2018, 53 participants were
enrolled into Part A and 24 into Part B of the trial. The PK characteristics were compat-
ible with administration every 7 to 14 days. The most common adverse events (AEs)
were nausea, vomiting or administration site reactions, which were mild in most cases
and settled with time. No serious AE occurred. Participants given multiple doses of Y14
lost between —2.87 and —3.58 kg body weight compared with placebo (P <0.0001) at
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ment for obesity.
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1 | INTRODUCTION

Obesity affects 13% of the world's adult population.? It is a key driver of
cardiovascular disease, diabetes and cancer, three of the four major non-
communicable diseases identified by the World Health Organization
(WHO). Moreover, obesity is an important contributor to mortality from
pandemic respiratory infections.>® Although lifestyle change is effective
in the short term, most people regain weight to baseline after 1 to
2 years.*> Bariatric surgery leads to sustained weight loss and reductions
in mortality,® but can have long-term complications such as post-bariatric
hypoglycaemia,” it is limited in scalability, and patients need to be fit for
surgery.2  Conventional small-molecule  drugs including orlistat,
rimonabant, lorcaserin, sibutramine and bupropion/naltrexone are mod-
estly effective in reducing weight but have adverse effects: most have
been withdrawn from marketing.” Biological agents based on satiety hor-
mones such as glucagon-like peptide-1 (GLP-1), oxyntomodulin, peptide
YY (PYY) or melanocyte-stimulating hormone have emerged as potential
treatments. They exploit natural satiety pathways to reduce food intake
and body weight.*® The GLP-1 analogues have primarily been developed
for diabetes and secondarily developed for obesity, with liraglutide now
being licensed for obesity therapy. Semaglutide is also currently being
developed for this indication.! The melanocyte-stimulating hormone
analogue setmelanotide has been recently approved for severe obesity
caused by the rare genetic conditions of leptin or proopiomelanocortin
deficiency.’? These peptide therapeutics show that satiety hormone-
based treatments for obesity are deliverable, safe and practical.

PYY is a peptide hormone that is cosecreted from enteroendocrine
L cells with GLP-1 and oxyntomodulin in response to food intake. PYY
has two major forms: full length PYY,_34 that binds to neuropeptide Y1,
Y2, Y4 and Y5 receptors, and PYY3_34, Which is derived from PYY. 34
via processing by dipeptidyl peptidase-4. PYY3.34 preferentially acti-
vates Y2 and Y5 receptors. It acts as a satiety hormone, suppressing
food intake via activation of Y2 in the arcuate nucleus of the hypothala-
mus.3 Infusion of PYY3.34 in obese volunteers causes a 30% reduction
in food intake'* and short-term subcutaneous injections increase satiety
and reduce hunger.® Early studies of nasal delivery of PYY;.5¢ showed
limited tolerability and dose-dependent nausea and vomiting,*¢ as there
was a rapid “burst” release of PYY to supraphysiological levels. When
PYY levels are increased slowly, suppression of food intake is obtained,
with better tolerability and less nausea even when combined with other
satiety hormones.?®” Extended-release pharmacokinetic (PK) profiles
are important to mitigate nausea and vomiting®® and to enable weekly

delivery of treatment, for example, Novo Nordisk's PYY analogue 1875,

31 days from the first dose, with profound reductions in food intake of 38% to 55%
(P <0.0001, compared to placebo) and there was no evidence of tachyphylaxis.

Conclusions: Our results support the continued development of Y14 as a novel treat-

clinical trial, obesity, peptide YY, pharmacokinetics, safety, weight loss

which is currently in development.t? In the present study, we aimed to
evaluate the safety, PK profile and preliminary efficacy of a novel ana-
logue of PYY, formulated for extended release, in a Phase 1 trial.

2 | METHODS

2.1 | Preclinical summary

Y14 is a human PYY analogue based on human PYY 34, with the fol-
lowing features: composition wholly of natural L-amino acids without
derivatization or cross linking, deletion of the first residue, and substi-
tution of six other residues within the 35-residue peptide, with the
receptor active sequence of PYY being unchanged. Y14 is a selective
agonist of the human Y2 receptor, with equivalent binding affinity and
functional activity to endogenous PYY3 3¢ Y14 is at least 250-fold
less selective for Y1 versus the endogenous ligand PYY, 34, and
800-fold less selective for Y4 versus the endogenous ligand pancre-
atic polypeptide. An extended-release formulation was developed,
whereby Y14 is given in a ZnCl, diluent to form a depot after subcuta-
neous injection, with a prolonged elimination half-life in the rat at
17.3 hours. Safety pharmacology and general toxicology studies in
rats and nonhuman primates revealed that Y14 was well tolerated. A
“no observable adverse effect limit” dose of 20 mg/kg was
established in nonhuman primates. There were no findings in the pre-
clinical evaluation that would preclude administration to humans. For
further details on the preclinical evaluation, please see the Study Pro-
tocol p.21 (Supplementary Appendix).

2.2 | Study design, participants, procedures

The study was a randomized placebo-controlled Phase 1 clinical trial
(ClinicalTrials.gov NCT03673111, EudraCT 2017-000380-33), con-
ducted according to the principles of the Declaration of Helsinki and
Good Clinical Practice. Approvals were obtained from the National
Health Service Health Research Agency North West-Greater Man-
chester Central Research Ethics Committee (17/NW/0084) and the
UK Medicines and Healthcare Products Regulatory Agency. All volun-
teers gave written consent to participate. A substantial amendment to
the protocol (Supplementary Appendix: version 2, dated August 22,
2017) was approved, principally to expand the eligibility criteria for
Part B to include participants with normal glucose tolerance in
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addition to those diagnosed with diabetes or prediabetes. The
amended protocol also included a prescreening visit to allow for
assessment of participant glycaemic status, the intention being to
improve recruitment rates. The trial was conducted at Covance Clini-
cal Research Unit, Leeds, UK (first participant, first visit date April
11, 2017 to last participant, last visit date December 24, 2018) and
ended as planned as all participants had completed trial procedures.

Adult males aged 18 to 65 years inclusive, with body mass index
between 25.0 and 38.0 kg/m2 inclusive, were recruited. In Part A only,
participants were verified to have normal glucose tolerance. In Part B,
participants with type 2 diabetes, impaired glucose tolerance or
impaired fasting glucose according to the WHO 2006 and 2011
criteria were additionally eligible. If identified as being prediabetic or
diabetic, participants were only included if stably treated either with
diet only, or single, dual or triple therapy with a sulphonylurea, met-
formin, and/or a sodium-glucose cotransporter-2 inhibitor. Partici-
pants identified as being prediabetic or diabetic were included if their
glycated haemoglobin (HbA1c) concentration at screening was 42 to
69 mmol/mol (6%-8.5%) and < £11 mmol/mol (+1.0%) from a previ-
ous HbA1c reading within the last 6 months, where available. Exclu-
sion criteria included: positive testing for hepatitis B, hepatitis C and
human immunodeficiency virus (HIV) | and Il at screening; positive
testing for drugs of abuse and alcohol at screening and at admission;
smoking within the 3 months preceding screening; and being unable
to use medically acceptable methods of contraception for at least
3 months after study drug administration.

The trial was conducted in two parts: Parts A and B. Part A was a
randomized, placebo-controlled, single-ascending-dose  study.
Twenty-eight eligible participants were planned to be enrolled in five
sequential cohorts. Cohort A1 comprised four participants (three
active and one placebo): each volunteer was dosed in three treatment
periods (TPs) with three ascending dose levels (doses 1, 2, 6 mg Y14),
with minimum washouts of 1 week between Day 1 of each
TP. Within each TP three participants were given the study drug and
one was given placebo (sterile 0.9% [w/V] saline). The first two partici-
pants in Cohort Al were randomized such that one participant
received Y14 and one received placebo. This sentinel pair was dosed
first and observed for 48 hours before the remainder of the cohort
was dosed. Because of the design, the 3rd and 4th injections were
guaranteed to contain Y14 and so the participants in this cohort were
considered partially blinded. Cohort A2 onwards comprised six partici-
pants (five active and one placebo) for each cohort, given in a double-
blinded design. Each volunteer in Cohort A2 onwards was dosed only
once. A follow-up visit was conducted 14 days after the dose was
given. Up to eight additional cohorts comprising six participants each
could be enrolled if recommended by the trial safety committee.

Part B was a double-blind, randomized, placebo-controlled, multiple-
ascending-dose study in sequential cohorts of eight participants each.
Twenty-four eligible participants were planned to be enrolled in three
cohorts (B1 to B3), with an additional three cohorts if recommended by
the trial safety committee. Participants received five doses of Y14/pla-
cebo by subcutaneous injection given during short inpatient stays, each

separated by 7 days, that is, on Day 1 (visit 1), Day 8 (visit 2), Day

15 (visit 3), Day 22 (visit 4) and Day 29 (visit 5). Participants undertook a
standardized food intake study on Days —1, 2 and 30, and a 75-g oral
glucose tolerance test (OGTT) on Days —2 and 31. Seven days after the
last dose was given, on Day 37, participants underwent a further OGTT.
On Days 70 to 73 there was a follow-up outpatient visit.

Randomization lists were generated using SAS® by a study centre
statistician who was not otherwise involved with the trial. Treatment
codes were provided to the study centre pharmacist who prepared
labelled syringes containing either placebo or study drug; these were
identical in appearance. All clinical and nonclinical staff (except for the PK

scientist) remained blinded to treatment assignment until database lock.

23 | Outcomes

The primary outcomes of the study were to investigate the safety and
tolerability of single and multiple doses of Y14. Secondary outcomes
were to assess the PK profile of single and multiple ascending doses
of Y14. The exploratory outcomes of the study were to investigate
the pharmacodynamic (PD) effects of multiple doses of Y14 on food
consumption, body weight, enteropancreatic hormone changes and
glucose tolerance. The analytical performance of the Imperial College
radioimmunoassay for Y14 was also compared with the liquid chroma-
tography/tandem mass spectrometry (LC/MS-MS) assay. Only the
exploratory data for body weight, food intake and glucose tolerance
are presented in this publication.

24 | Safety and tolerability assessments

The procedure for recording adverse events (AE) and for their classifica-
tion is found in the Study Protocol p.53 (Supplementary Appendix). In
brief, AEs were coded according to the current version of the Medical
Dictionary for Regulatory Activities (MedDRA), together with onset time
and date, offset time and date, description of event, severity, relationship
to investigational product, action taken, and outcome. Measurement of
antidrug antibodies (ADAs) in participants receiving repeat doses was
conducted by Pharmaron Inc. Briefly, serum from Day 1 (prior to dosing),
Day 14 after final dosing (Part A, Cohort A1) and Day 70 after first dosing
(Part B) was analysed using an electrochemiluminescent bridging assay
utilising Biotinylated Y14 and Sulfo-Tag-labelled Y14. A three-tiered
approach was taken. Those samples at 1:2 dilution with response above
the cut-off point on screening were taken forward to a confirmation
assay. If found positive in the confirmation, the samples were diluted and
tested in a titre assay, and the reciprocal highest dilution tested with a

response above the threshold was reported as the titre.

25 | LC-MS/MS method for measurement of Y14

The bioanalytical assay for Y14 was developed by LGC (Fordham, UK).
In brief, an assay, utilizing samples of human plasma (KzEDTA) stabi-

lized with aprotinin, based on solid phase extraction and LC/MS-MS,
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was developed and validated according to applicable European Medi-
cines Agency and US Food and Drug Administration guidance. The
lowest limit of quantification (LLOQ) was 0.2 ng/mL and the highest
limit of quantification 100 ng/mL. The mean precision (coefficient of
variation [CV]) of the assay with quality control samples spanning 0.3
to 80 ng/mL was <9.3% and the accuracy was within —1.3% to 5.3%
relative error. The selectivity of the assay for Y14 alone was verified

prior to approval for bioanalysis.

2.6 | PKsampling and analysis

Following a single dose (Part A), blood samples were collected at
pre-dose and at 0.5 to 144 hours post-dose, at the follow-up (Day
14; 312 hours post-dose) visit and, for Cohort A8, at 336 hours
(Week 3) and 504 hours (Week 4) post-dose. In addition, for
Cohort A2, there was a Day 36 sample (840 hours) and for
Cohorts A3 to A9 there was sampling on Days 22 (504 hours) and
36 (840 hours). Following the first dose of multiple dosing (Part
B), blood samples were collected at pre-dose and at 0.5 to
72 hours post-dose. Blood samples were also collected at pre-
dose and post-dose at 4 to 12 hours on Days 8, 15, 22 and 29.
Following the final dose, blood samples were collected on Days
30 to 37 and were collected subsequently on Days 43 to 63, and
a follow-up on Day 70. PK parameters were derived by standard
noncompartmental methods using WinNonlin Phoenix Version
8.1 (Certara USA, Inc.). The following parameters were derived,
where appropriate, from the individual plasma concentration
versus time profiles obtained: C,,.x, AUCq.72, and AUCq.. (area-
under-concentration curve, calculated by mixed linear/log trape-
zoidal rule, respectively, from dosing to 72 hours after dosing and
from dosing to 168 hours), apparent terminal rate constant A,,
apparent terminal half-life t,, and R (extent of accumulation, calculated
as Cpax repeat dose/C, .« single dose or AUCq . repeat dose/AUCq. .
single dose). Three or more points were required within the terminal
phase for A, and corresponding t,, to be estimated. Estimates were con-
sidered reliable if the period over which A, was calculated was greater
than twice the half-life itself. Actual blood sampling times were used for
the PK analysis. Plasma concentrations below the LLOQ of the assay
were taken as zero for calculation of concentration summary statistics
and all PK parameters. Between-participant variability was based on
geometric mean CVs.

2.7 | Standardized food intake study

While resident in the clinical unit during 24-hour food intake assess-
ment days, participants were individually provided meals in a desig-
nated area. Meals were presented with an excess of food and
participants asked to eat until they felt “comfortably full” within a
period of 30 minutes. If a volunteer required more time to eat, an
extra 15 minutes was to be allowed, and this was recorded as a devia-

tion from protocol. Food was weighed pre- and postmeal to

determine consumption and energy intake calculated from summing

the energy value of each component of the meal.

2.8 | Statistical analysis

The following datasets are presented: the all-participants population
(comprising any participants who enrolled in the study and had
study assessments recorded in the database as per the protocol), the
safety population (consisting of all participants who received study
drug, Y14 or placebo), the PK population (consisting of all partici-
pants who received Y14 and had data from at least one PK blood
draw), and the PD population (consisting of all participants who
received study drug, Y14 or placebo, and who had data from at least
one PD blood draw or measurement, as appropriate). As this was a
first-in-human Phase 1 study, the sample sizes were determined
based on previous experience in Phase 1 studies. Continuous data
were summarized as mean (SD) or geometric mean (geometric CV%)
as indicated. Statistical analysis was performed using STATA 15.1
(STATACorp, LLC). A repeated-measures mixed linear model was
used to analyse weight changes, percentage food intake changes
and changes in glucose total area under the curve (AUC) after 75-g
OGTT as a measure of glucose tolerance. Q-Q plots of standardized
residuals were used to verify that residuals were normally distrib-
uted. No imputation was made for missing data, which were
assumed to be “missing at random”.

3 | RESULTS

3.1 | Participant disposition and characteristics

Supplementary Figure S1 shows the numbers of volunteers screened,
enrolled, randomized, followed up and analysed in the trial. Three
additional cohorts of six participants each were enrolled in Part A of
the trial per protocol to allow for investigation of the PK effect of
varying the zinc:peptide ratio. This was to increase the scientific
value of the study. One participant in Part A, Cohort Al discon-
tinued the intervention and was replaced with a back-up volunteer.
One participant in Part B, Cohort B1 (who received placebo) was
withdrawn due to a protocol violation (positive test for alcohol dur-
ing study visit) on Day 4 of the study. This participant's data are
included in the all-participants, safety and PD populations. Table 1
summarizes the baseline characteristics of the all-participants
populations for Parts A (n = 53) and B (n = 24) of the study, respec-
tively. Of note, only two participants in Part B had impaired glucose
tolerance based on the 120 minutes value from their baseline 75-g
OGTT and no participants were diabetic. The doses and zinc:peptide
ratios of Y14 given to each cohort are also summarized in Table 1.
Although the protocol allowed for maximal doses of up to 96 mg,
the maximal dose eventually given in the study was limited to
36 mg, based on the emerging AE profile from Part A (see Safety

and adverse events).
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321 | PartA

For the doses given to cohorts A1, A2 and A3, Y14 was below the LLOQ
(<0.2 ng/mL) in most samples, so the data for cohort 4 onwards are pres-
ented (Supplementary Figure S2 and Table 2). It was not possible to esti-
mate an unambiguous t,.x due to the extended PK profile of Y14. For a
doubling in dose from 18 to 36 mg (1:1), Crax and AUC_, increased 1.6
and 2.6-fold, respectively. For a doubling in dose from 9 to 18 mg (0.5:1),
Cmax and AUCy. increased 1.5 and 2.4-fold, respectively. Between-
participant variability in systemic exposure (Cr.x and AUCp.7,4) to Y14
was considered generally high (geometric CVs of 44% to 111%).

Comparing the concentration-time profiles for Cohorts A5 and
A7 (18 mg, 1:1 and 0.5:1 zinc:peptide ratios, respectively), it was
noted that the lower zinc:peptide ratio led to a more acute release of
Y14 over the first 48 hours. Comparing Cohorts A6 and A8 (36 mg,
1:1 and 0.7:1, respectively) a marked "acute release" effect was not
noted. The concentration-time profiles of Cohorts A8 and A9 (both
36 mg, 0.7:1, 100 and 200 mg/mL solutions, respectively) were simi-
lar. Geometric mean apparent terminal half-lives of Y14 could not be
reliably estimated as a terminal monoexponential phase could not be
unambiguously identified in most participants. However, the PK of
Y14 was considered compatible with weekly administration.

322 | PartB

Supplementary Figure S3 and Table 2 present the PK of Y14 when
given as repeated weekly doses. Of note, in Cohorts B2 and B3,

TABLE 1

Part Cohort Dose given (zinc: peptide) N Age, years

A Al 1,2,6 mg(1:1) 5 49.2 (13.4)
A2 9 mg (1:1) 5 28.2(5.02)
A3 9 mg (0.7:1) 5 47.8 (10.8)
Ad 9 mg (0.5:1) 5 41.2(13.3)
A5 18 mg (1:1) 5 45.6 (14.9)
Abé 36 mg(1:1) 5 47.8 (1.5
A7 18 mg (0.5:1) 5 40.4 (13.3)
A8 36 mg (0.7:1) 5 44.2 (12.5)
A9 36 mg (0.7:1)* 5 37.0(12.2)
A2-A9 Placebo 8 44.8 (11.5)

B B1 9-26 mg (0.5:1) 6 36.7 (10.0)
B2 9-36 mg (0.7:1) 6 42.3(9.6)
B3 12-36 mg(1:1) 6 40.8 (9.7
B1-3 Placebo 6 49.5(11.9)

participants assigned to Y14 were not given the drug on day 22. Sys-
temic exposure to Y14, as measured by AUCy., increased after
weekly dosing of 9 to 26 mg (0.5:1), 9 to 36 mg (0.7:1) and 12 to
36 mg (1:1); the extent of accumulation on Day 29 was 5.80, 10.5 and
13.3-fold,
(except for AUCy_, for Day 1), between-participant variability in sys-

respectively (unadjusted for different doses). Overall
temic exposure (Cax and AUCop ) to Y14 was moderate (geometric
CVs of 16.2% to 76.1%).

Examination of the concentration-time profiles suggested that,
with the 0.5:1 formulation (Cohort B1), Y14 levels decline more rap-
idly between weekly doses in comparison to 0.7:1 (Cohort B2) and
1:1 (Cohort B3). Geometric mean apparent terminal half-lives of Y14
of 8 to 12 days were estimated on Day 29 in eight participants and
were considered reliable in only three participants. Overall, the PK of
Y14 in the 0.5:1 and 0.7:1 formulations were considered compatible
with weekly dosing and in the 1:1 formulation compatible with dosing

every 10 to 14 days.

3.3 | Safety and adverse events

In general, Y14 was well tolerated, with the most common treatment-
emergent adverse event (TEAE) reported being dose-related gastroin-
testinal AEs (nausea, vomiting, abdominal distension, constipation) or
AEs related to the administration site (injection site mass, pain,
erythema; Tables 3 and 4). The frequency of TEAEs was dose-
related. At the maximal 36 mg dose in Part A (aggregated across all
zinc:peptide ratios) 13/15 participants reported gastrointestinal
AEs (43/113 reports, 38%) and 14/15 participants reported admin-
istration site AEs (37/113, 33%). For comparison, two of eight

Characteristics of the participants in Part A (n = 53) and Part B (n = 24): all-participants population

Weight, kg Height, cm BMI, kg/m? HbA1c, mmol/mol
89.0(12.4) 175 (8.6) 29.2(2.1)

101.6 (12.7) 184 (4.0) 30.0(2.7)

100.4 (11.3) 180 (6.9) 30.8(1.9)

86.2(11.78) 177 (6.2) 27.6(2.4)

101.6 (9.6) 182(5.2) 30.6(1.8)

93.3 (5.60) 180 (8.2) 28.8(1.87)

87.4(13.3) 179 (9.2) 27.0(2.9)

92.4(16.7) 174 (5.4) 30.6 (4.2)

88.6(7.4) 182(5.2) 26.6(0.9)

97.5(14.9) 180(7.1) 30.1(2.9)

97.5(14.0) 180 (7.6) 30.2(3.9) 30.8 (7.0)
95.2 (9.8) 178 (3.9) 30.2(2.9) 39.3(11.0)
92.0(8.1) 177 (5.0) 29.5(2.1) 35.3(1.9)
93.2(14.8) 177 (7.1) 29.7 (3.1) 38(5.7)

Note: Mean (SD) listed. Doses indicated also include the zinc:peptide molar ratio in brackets.

3200 mg/mL solution tested. In Cohort A1, an additional participant was recruited to replace one participant who discontinued the intervention for a total
of five participants. For Cohorts A2 to A9, six participants were recruited: five received Y14 and one received placebo (ZnCl, diluent). All the participants
in Cohorts A2 to A9 who received placebo are aggregated together in a placebo cohort (all participants in Cohort A1 received study drug at some point
during the trial). For Cohorts B1 to B3, eight participated in each cohort: six received Y14 and two placebo. All the participants who received placebo in
Cohorts B1 to B3 are aggregated (including a participant who was withdrawn from the trial for a protocol violation).

2Abbreviations: BMI, body mass index; HbA1c, glycated haemoglobin.
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TABLE 2 Geometric mean (CV%) pharmacokinetic parameters following single doses (Part A) and multiple doses of Y14 (Part B)
Dose, mg Rob
Part Cohort Day dose given (zinc:peptide) Ciax ng/mL (%) AUCo.72n, ng-h/mL (%) AUCq., ng-h/mL (%) t,, hours (%) Crnax (%)  AUCo.. (%)
A A4 1 9(0.5:1) 0.459 (44) 16.4 (83%) NC NC
A5 1 18(1:1) 0.383 (46) NC 64.0 (105) NC
Ab 1 36 (1:1) 0.607 (111) 24.4(21) 164 (199) NC
A7 1 18(0.5:1) 0.677 (66) 26.3 (105) 65.2 (126) NC
A8 1 36(0.7:1) 0.908 (81) 34.0 (50) 78.2 (47) NC
A9 1 36 (0.7:1) 0.704 (59) 33.4(51) 59.2 (84.6) NC
B B1 1 9(0.5:1) 0.640 (39) 19.7 (89.7) 24.8 (127)
8 12 (0.5:1) 0.870 (26) 53.2(21) 108 (18.7) 1.36(29) 4.33(96)
15 16 (0.5:1) 1.32(35) 76.7 (26) 139 (17) 2.06 (62) 5.60(151)
22 20 (0.5:1) 1.64 (19) 89.6 (17) 153 (16) 2.56 (27) 6.15(110)
29 26 (0.5:1) 1.48 (49) 81.2 (45) 144 (53) 277 (106) 2.31(66) 5.80(183)
B2 9(0.7:1) 0.389 (41) 10.1 (303) 15.6 (598)
8 24 (0.7:1) 0.702 (52) 38.1(34) 107 (31) 2.18(85) 7.86(906)
15 36 (0.7:1) 1.40 (21) 82.1(21) 159 (25) 417 (52) 12.1(590)
29 36 (0.7:1) 1.10 (66) 63.6 (76) 154 (76) 294 (46) 2.61(110) 10.5(859)
B3 1 12 (1:1) 0.355 (37) 9.67 (165) 17.0 (298)
8 24 (1:1) 0.787 (35) 40.4 (36) 106 (28) 241 (33.6) 6.55(259)
15 36 (1:1) 1.35(20) 86.6 (22) 193 (19) 4.00 (40) 11.8(323)
29 36 (1:1) 1.54 (41) 87.2 (34) 225 (48) 190 (28) 443 (61.3) 13.3(263)

Abbreviation: NC, not calculable.
2200 mg/mL solution tested.
Not adjusted for different doses administered.

participants given placebo in cohorts A2 to A9 reported a gastroin-
testinal AE (5/11 reports, 45%) and two of eight reported an
administration site AE (3/11, 27%). Only one participant in Part A
(TP2 of Cohort A1) discontinued participation due to gastrointesti-
nal and administration site AE. In Part B, a similar pattern was seen
with 16/18 participants given Y14 reporting a gastrointestinal AE
(72/287 reports, 25%) and 18/18 participants reporting an admin-
istration site AE (123/287, 43%). For comparison, three of six par-
ticipants given placebo reported a gastrointestinal AE (4/11
reports, 36%) and one of six reported an administration site AE
(1/11, 9%). None in Part B discontinued participation in the trial
due to AE. In both Parts A and B, participants also noted the
expected effect of decreased appetite (recorded under the System
Organ Classification of Metabolism/Nutrition). Most TEAEs were
assessed as being mild in severity, with a few being assessed as
moderate and none being assessed severe.

Focusing on the 72 gastrointestinal AE reports in Part B in those
who received Y14, 33 were for nausea and eight for vomiting,
reported by 14 and five out of 18 participants, respectively. The
median (interquartile range) time of onset after dosing for either nau-
sea or vomiting was 12 (1, 35) hours and the duration 10 (4, 58) hours.
All reports of nausea/vomiting were graded as mild. Supplementary

Figure S4 shows the duration of individual reports of nausea/vomiting

AEs plotted with the day of the start of the AE. As the zinc:peptide
ratio was increased from 0.5:1 (Cohort B1) to 0.7:1 (B2) and 1:1
(B3) the frequency of nausea/vomiting AEs decreased (23 reports in
Cohort B1, seven reports in B3) and the duration of nausea/vomiting
decreased from a median of 23 (9, 69) hours in Cohort B1 to 5 (1, 10)
hours in B3 (Kruskal-Wallis test, P = 0.0398). Increasing the zinc:pep-
tide ratio (Supplementary Figure S3) was therefore associated with
fewer and significantly shorter nausea/vomiting AEs despite the
higher cumulative drug dose (108 mg in Cohort B3, 83 mg in B1).
With regard to ADAs, of the five participants who received multi-
ple doses in Cohort A1, only one developed detectable ADAs at a low
titre. In the 24 participants in Part B, 17 developed detectable ADAs,
most of which were at a low titre and only two had high titre ADAs of
>320. No discernible relationship to AE frequency nor efficacy in
terms of body weight reduction was found. No systemic hypersensi-
tivity reactions were reported. Overall, Y14 was considered well toler-

ated during this trial.

3.4 | Y14 reduces body weight and food intake

An exploratory analysis showed dose-related reductions in weight in

response to single doses of Y14 (Supplementary Figure S5). When
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participants were given multiple doses of Y14, this was associated

with significant weight loss relative to placebo treatment (Figure 1).

A6,8,9
36
76

Using a repeated-measures linear mixed model with adjustment for
the baseline weight as a covariate, in cohort B1 on Day 31 the mean
weight change for Y14 versus placebo was —2.92 kg (95% confidence
interval [Cl] —3.99, —1.87; P <0.0001), in cohort B2 this was —2.87 kg
(95% ClI —3.89, —1.86; P <0.0001) and in cohort B3 this was —3.58 kg
(95% ClI —4.55, —2.61). This was associated with a profound reduction
in food intake; in cohort B1, the Day 30 mean percentage change in
food intake for Y14 versus placebo was —45% (95% Cl —64, —25;
P <0.0001), in cohort B2 this was —-38% (95% Cl -56, —20;
P <0.0001) and in cohort B3 this was —55% (95% Cl —72, -38;
P <0.0001). The reductions in food intake observed on Day 2 were

A5,7
18
34

0

A2,34

A9
36*
37

similar in magnitude to those recorded at Day 30, indicating no evi-

A8
36

dence of tachyphylaxis with multiple dosing. There were significant
negative correlations between the percentage change in 24-hour food
intakes on Days 2 and 30 and measures of drug exposure: Pearson p
with the C,.x after the doses on Day 1 and 29 was -0.54
(P = 0.0008), AUCp.7o, —0.49 (P = 0.0026) and AUC,.. —0.47
(P = 0.0042; Supplementary Figure S6).

In terms of glucose tolerance in response to an oral 75-g glucose

A7
18
18

0

A6
36
21

load, no significant changes from baseline (Day —2) to Day 31 (2 days

18
16
0

after the last Y14 dose) and Day 37 (follow-up) were seen between

A5

placebo- and Y14-treated participants in Cohorts B2 and B3 (data not
shown). It was noted that in Cohort B1, the participants given Y14
displayed, on average, slightly better glucose tolerance than the

A4
9

placebo-treated participants at baseline (Day —2), with a mean differ-
ence in AUCg.1g0 for glucose of —225 mmol-min/L (95% Cl —-376,
—74; P = 0.0036), and also at Day 37 (follow-up): —188 mmol-min/L
(95% Cl —339, —36; P = 0.015), probably as a result of the fact that
this cohort, by chance, were on average younger than the placebo-

A3
9

treated participants (Table 1).

A2-A9
Pbo

8

0

4 | DISCUSSION

In this Phase 1 trial we have shown that Y14, a novel analogue of
PYY, is well tolerated in human subjects. To our knowledge, this is the
first publication to report on a clinical trial of an extended-release PYY
analogue. The TEAEs recorded were to be anticipated from the mech-
anism of action, with nausea, vomiting and reduced appetite being
reported. Injection site reactions were also reported. Only one partici-

pant withdrew due to a TEAE, and no severe AEs were reported.

Al
Pbo

Although ADAs were detected in 17/24 participants given multiple-
dose Y14 in Part B, these were mostly of low titre. No systemic
hypersensitivity was noted in the trial. ADAs against gut hormone
analogues are more common in extended-release than immediate-
release formulations, tend to wane with time, and, in most cases, do
not seem to affect the desired PD effects nor to cause systemic

(Continued)

hypersensitivity reactions as shown with extended-release

exenatide.?°

Possibly related
Definitely related

Using a zinc-based extended-release formulation we also saw PK

2nausea, vomiting, abdominal distension: nausea and vomiting are separately reported as well; ®injection site mass, erythema, pain, fatigue; “seasonal allergy; %viral upper respiratory tract and oral herpes

infection; confusion in one case; fdecreased appetite; 8back pain and musculoskeletal pain; Pheadache, dizziness and dysgeusia; icough and nasal congestion; icold sweat; “ear discomfort.

For the SOC sub-table, number of participants reporting (number of AEs reported) is shown unless it is zero.

Cohort(s)
Dose, mg

Abbreviations: admin, administration; AE, adverse events; conn, connective; MSK, musculoskeletal; Pbo, placebo; resp, respiratory; SAE, severe adverse event; SOC, System Organ Classification; subcut,

subcutaneous.
Note: Most common AEs for each SOC are:

*200 mg/mL solution.

TABLE 3

characteristics compatible with weekly/fortnightly administration.
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(Continued)

TABLE 4

B1,2,3
247

B3

B2

B1

B1-3

Cohort

68

52

28 65

30

17 114

20

25

17

35

Possibly related

Definitely related

Abbreviations: admin, administration; AE, adverse event; conn, connective; MSK, musculoskeletal; Pbo, placebo; resp, respiratory; SAE, severe adverse event; SOC, System Organ Classification; subcut,

subcutaneous; subj, subjects; Surg/med, surgical/medical.

Note: Most common AEs for each SOC are:

TAN ET AL

hausea, vomiting, diarrhoea, constipation: nausea and vomiting are separately reported as well; “injection site mass, erythema, pain; “seasonal allergy; “(viral) upper respiratory tract infection, urinary tract

infection and epididymitis; Sconfusion and limb injury; fdecreased appetite; Sjoint swelling, muscle twitching and pain in extremity; "headache, dizziness and lethargy;

idry throat and cough; ‘tooth extraction; “hypoglycaemia.

For the SOC sub-table, number of subjects reporting (number of AEs reported) is shown unless it is zero.

Moderate between-participant variability in drug exposure parameters
(Cmax and AUC, ) was observed. Zinc-based formulations have been
used successfully to prolong the pharmacokinetics of insulin and GLP-1
analogues, via formation of a subcutaneous depot, slow dissolution and
release. The variation in drug exposure may be attributable to inconsis-
tent dissolution of peptide/zinc aggregates in the depot. By changing
zinc:peptide ratios, these properties may be adjusted: increasing the
ratio was associated with protraction of release, reduced “burst release”
and reduced frequency of nausea/vomiting TEAEs. Further studies will
help to establish if a different dose schedule, refinement of the formula-
tion, or the use of other strategies for prolonging Y14's half-life may
reduce the variability in PKs, reduce the frequency of injection-site AEs
and help to establish the exact relationship of drug exposure to AEs and
efficacy.

Multiple-dose Y14 treatment was associated with clinically sig-
nificant reductions in weight and food intake, even with short-term
administration over 28 days. A clear PK/PD relationship between
drug exposure and food intake reduction was established. The mag-
nitude of weight loss over 4 weeks and its relationship to food
intake reduction are consistent with previous studies on gut hor-
mone analogues. For example, semaglutide, given at a maximal dose
of 1.0 mg weekly, was associated with a reduction in total ad
libitum food intake of 24% and a mean placebo-subtracted weight
loss of approximately 1.5 kg at 4 weeks.?* Cotadutide, a GLP-1/glu-
cagon coagonist, led to a placebo-subtracted mean weight loss of
2.14 kg over 41 days, with 52% of participants reporting nausea
and 32% vomiting.?? Tirzepatide, a GLP-1/GIP coagonist, led to a
dose-dependent 0.5-3.5 kg weight loss from baseline at 4 weeks,
and up to 40% reported nausea and 26% vomiting at the highest
doses tested.?® Direct comparisons are difficult given the differ-
ences in dosing regimens and participant characteristics, but we
note that Y14 achieved similar magnitudes of weight loss com-
pared over similar study timespans, with only one of six partici-
pants (17%) reporting vomiting at the highest cumulative doses
tested (Cohort B3). No significant change in glucose tolerance
was seen, although any possible improvements are limited as no
participant in Part B was diabetic and only two had impaired
glucose tolerance. Intravenous infusion of PYY3.34 did not have
any significant acute effect on glucose tolerance in response to

4 consistent

an intravenous glucose load in healthy volunteers,?
with the findings here. However, our findings do not rule out
potential improvements in insulin sensitivity and glucose toler-
ance with weight loss induced by long-term treatment in people
with diabetes.

In summary, this Phase 1 trial supports Y14's further develop-
ment as a novel treatment for obesity. Future studies should
establish its effects on weight and glucose tolerance in the context
of diabetes and obesity when given for longer durations. The
effect of Y14 on other phenomena, such as gastric emptying and
changes in liver fat content, in the context of non-alcoholic fatty
liver disease will be of interest. Finally, Y14's potential for
enhanced effect when used in combination with other satiety hor-

mones will be worth exploring.10
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FIGURE 1 Changes in body weight and food intake from baseline in response to multiple doses of Y14 in Part B. Mean and SEM of change in
weight from baseline plotted (left column) and percentage change in 24 hours food intake (right column) for aggregate placebo (dashed line)
versus Y14 (solid line). Top row cohort B1, middle row cohort B2, bottom row cohort B3. Doses given at the timepoints indicated in boxes.
Repeated measures mixed linear model analysis (with adjustment for baseline weight as covariate in body weight change analysis), P values

calculated for contrast of placebo versus Y14 at the indicated day of study
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