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ABSTRACT

Introduction: Icotrokinra (formerly JNJ-
77242113 or PN-21235) is a targeted oral peptide
that selectively inhibits interleukin-23 receptor
signaling. The studies described here assessed
its absorption, distribution, metabolism, and
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excretion (ADME), and potential for drug-drug
interactions (DDI).

Methods: In vitro assays evaluated permeabil-
ity, plasma protein binding, blood-to-plasma
partitioning, metabolic stability, and interac-
tions with drug transporters and metabolic
enzymes. The nonclinical pharmacokinetic
properties of icotrokinra were studied in vivo in
rats and monkeys. Phase 1 studies evaluated the
pharmacokinetic profile, metabolic profile and
excretion in healthy volunteers.
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Results: Icotrokinra demonstrated oral bio-
availability of 0.1-0.3% in animals, with evi-
dence of systemic pharmacodynamic activity,
without the use of an absorption enhancer. The
compound was stable across species in plasma,
gastrointestinal matrices, and hepatocytes. Pro-
tein binding was low across species (~50% in
human plasma), and icotrokinra distributed
freely to tissues, including skin, joints, and gas-
trointestinal tissues. Following oral dosing in
both rats and monkeys, fecal excretion of unab-
sorbed drug was the primary elimination route,
and metabolite levels were low (each<2% of
dose) in plasma and excreta, with unchanged
icotrokinra being the main circulating compo-
nent. Icotrokinra was neither a substrate nor an
inhibitor of prototypical drug transporters or

cytochrome P450 enzymes. Icotrokinra exhib-
ited dose-proportional pharmacokinetics from
25 mg to 1000 mg in a first-in-human study,
and no serious adverse events were identified
following single and multiple dose administra-
tions. Unchanged icotrokinra was the only drug-
related component in human plasma.
Conclusions: Icotrokinra exhibited high stabil-
ity and an ADME profile consistent with that
of a small peptide, with no risk of DDI identi-
fied on the basis of in vitro studies. Clinical data
demonstrated linear pharmacokinetics and no
major metabolites.

Trial Registration Number: ClinicalTrials.
gov, NCT04621630. Euclinicaltrials.eu, EUCT:
2023-504720-26-00.

A Graphical Abstract is available for this article.
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Graphical abstract:

Translational Pharmacokinetics of Icotrokinra, a
Targeted Oral Peptide That Selectively Blocks
Interleukin-23 Receptor and Inhibits Signaling
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Icotrokinra is orally bioavailable, with good tissue distribution and linear
human pharmacokinetics
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This Graphical Abstract represents the opinions of the authors. For a full list of
declarations, including funding and author disclosure statements, and copyright
information, please see the full text online.
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Key Summary Points

Why carry out this study?

Despite their convenience, approved oral
therapies for the treatment of chronic inflam-
matory diseases have shown lower efficacy
and greater safety concerns compared with
biologics, highlighting the need for better
oral treatment options.

The study evaluated, for the first time, the
nonclinical and clinical pharmacokinetic
aspects of icotrokinra, a first-in-class, targeted
oral peptide that selectively inhibits interleu-
kin (IL)-23 signaling by binding to the IL-23
receptor.

What was learned from the study?

Icotrokinra shows high stability compared

with typical peptides, is orally bioavailable,
demonstrates systemic pharmacology, and

distributes to disease-relevant tissues better
than the injectable IL-23 monoclonal anti-
body, risankizumab.

Icotrokinra exhibits dose-proportional phar-
macokinetics with no safety signals identi-
fied following oral administration in healthy
volunteers

The pharmacokinetic findings for the first-
in-class, targeted oral peptide icotrokinra,
including its high stability and potency, pro-
vide support for further clinical development.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital fea-
tures for this article, go to https://doi.org/10.
6084/m9.figshare.29128130.

INTRODUCTION

Interleukin (IL)-23 and its receptor (IL-23R) play
a crucial role in regulating immune responses,
particularly within the context of chronic
inflammatory and autoimmune diseases includ-
ing psoriasis, psoriatic arthritis, and inflamma-
tory bowel disease (IBD) [1]. Interaction between
IL-23 and IL-23R promotes expansion and sur-
vival of T helper (Th)17 cells that secrete [L-17A,
IL-17F, IL-22, and other inflammatory mediators
[1]. Extensive experimental and clinical data
establishing the safety and efficacy of anti-IL-
23-therapies has led to the approval of biologics
targeting the IL-23p19 subunit, e.g., guselkumab
and risankizumab, for the treatment of psoriatic
skin and joint disease [2], as well as IBD [3].

Oral delivery of agents for the treatment of
chronic inflammatory diseases offers a conveni-
ent alternative to injectables [4-6]; however, cur-
rently approved oral therapies have exhibited
lower efficacy and additional safety concerns
compared with biologics [7-9]. Thus, an unmet
need remains for novel, improved oral treat-
ments. Despite offering high binding specificity
and affinity, poor intestinal stability and perme-
ability have limited the use of biologically active
peptides as oral therapies. Recent advances in
peptide design, including macrocyclization,
have led to improvements in oral absorption
and bioavailability [10, 11].

Icotrokinra (formerly JNJ-77242113 or
PN-21235) is a macrocyclic peptide (Fig. 1)
that selectively inhibits IL-23R [12]. Unlike
previously approved therapies targeting the
IL-23 pathway, icotrokinra can be adminis-
tered orally. In animal models of IBD and skin
inflammation, orally administered icotrokinra
attenuated inflammation in colon and skin tis-
sues, while significantly inhibiting expression
of IL-23-induced proinflammatory cytokines
(IL-17A, IL-17F, and IL-22) to levels comparable
with an injectable anti-IL-23 monoclonal anti-
body [12]. Icotrokinra also potently and specifi-
cally inhibited proximal IL-23-induced signaling
and downstream interferon (IFN)y production
in blood from healthy donors and participants
with psoriasis [12].
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Fig. 1 Chemical structure of icotrokinra. Sequence: Ac-cyclo[Pen-Asn-Thr-7MeTrp-Lys(Ac)-Pen]-Phe(2ae)-2Nal-ThpGly-

Glu-Asn-3Pal-Sar-NH2. Asterisk indicates position of [1%C] label at the N-terminal acetyl group for [**C

In the Phase 2b FRONTIER 1 study
(NCT05223868), icotrokinra met its pri-
mary endpoint, demonstrating a signifi-
cant dose-response for achievement of>75%
reduction in the Psoriasis Area and Severity
Index (PASI) score (PASI 75) response at week
16 (P<0.001) in participants with moderate-
to-severe psoriasis [13]. The highest clinical
response rates were generally observed with
icotrokinra 100 mg taken once or twice daily,
with 79% of participants in the 100 mg twice
daily group achieving PASI 75 and 40% attain-
ing complete skin clearance (PASI 100). Through
week 16, rates of adverse events (AEs) were simi-
lar across the icotrokinra and placebo groups,
and no relationship was identified between
icotrokinra dose and the incidence of AEs. In
the long-term extension FRONTIER 2 study
(NCT05364554), icotrokinra demonstrated sus-
tained response rates, with no safety signals
identified through 1 year of treatment [14].

The aims of this report were to evaluate the
ADME properties of icotrokinra and to assess
its potential for DDI to better understand the
benefit-risk profile of this therapy. In vitro and
in vivo nonclinical studies were conducted
to elucidate the ADME properties and DDI

]-icotrokinra

potential of icotrokinra, and clinical studies
assessed its pharmacokinetic (PK) profile and
safety in healthy participants.

METHODS

A brief description of the methods is provided
below. Additional details can be found in the
supplement.

Icotrokinra comprises 13 amino acids with 12
stereocenters (Fig. 1). The final drug substance
used in these studies was>95% pure with>95%
enantiomeric excess. Ultra-high performance
liquid chromatography (UHPLC) was used to
identify impurities, including potential epimers.

Nonclinical In Vitro Assays

Permeability and Efflux

Bi-directional permeability of [**C]-icotrokinra
was assessed in multidrug resistance pro-
tein 1 (MDR1)-transfected Lilly Laboratories
cell-porcine kidney (LLC-PK1-MDR1) and
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mock-transfected (LLC-PK1-mock) cell monolay-
ers (see Supplementary Methods Sect. 1.1.1).

Protein Binding and Blood-to-Plasma
Partitioning

The extent of plasma protein binding of
icotrokinra was assessed in vitro in C57BL/6
mouse, Sprague Dawley rat, New Zealand
White rabbit, cynomolgus monkey, and human
plasma, as well as in human purified plasma pro-
teins albumin and a-1-acid glycoprotein (AAG),
using an equilibrium dialysis method (see Sup-
plementary Methods Sects. 1.1.2-1.1.3).

Whole blood (WB) to plasma partitioning
ratio (Kyg,p) and red blood cell (RBC) to plasma
partitioning ratio (Kggc,p) were determined by
incubating icotrokinra with Sprague Dawley rat,
beagle dog, cynomolgus monkey, and human
whole blood.

Metabolic Stability

The stability of icotrokinra was assessed by
incubation with: fecal homogenates from
Sprague-Dawley rats, cynomolgus monkeys,
and human donors; gastrointestinal (GI) mucosa
from pooled Sprague-Dawley rats, pooled cyn-
omolgus monkeys, and single donor humans;
and simulated gastric fluid (SGF) and purified GI
enzyme matrices including chymotrypsin, pan-
creatin, pepsin, and trypsin (see Supplementary
Methods Sect. 1.1.4).

Drug—Drug Interaction Studies

Studies were performed using transfected
cell systems or vesicles to determine whether
icotrokinra is a substrate or inhibitor of various
transporters using: human embryonic kidney
(HEK) 293 mock-transfected (control) cells and
organic anion transporter (OAT)P1B1, OATP1B3,
OAT1, and organic cation transporter (OCT)2-
overexpressing cells; Madin-Darby canine kid-
ney (MDCK)-II parental (control) cells and
OAT3, multidrug and toxin extrusion (MATE)1
or MATE2-K overexpressing cells; LLC-PK1 cell
line mock-transfected or human breast cancer
resistance protein (BCRP) expressing cells; and

inside-out membrane vesicles overexpressing
human bile salt export pump (BSEP). The abil-
ity of icotrokinra to inhibit the major human
cytochrome P450 (CYP) isoforms (CYP1AZ2,
2B6, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4), as
well as the potential mRNA induction of human
CYP1A2, CYP2B6, and CYP3A4, were evaluated
using cryopreserved human hepatocytes (see
Supplementary Methods Sect. 1.1.5).

Nonclinical In Vivo Studies

Nonclinical in vivo PK studies were performed
in rats and monkeys. Analytical methods are
described in the supplementary material. Non-
compartmental PK analyses were done using
Phoenix™ WinNonlin® (Certara LP) and were
summarized using descriptive statistics.

Plasma PK profiles were determined following
single doses of icotrokinra administered by intra-
venous (IV) injection (2 mg/kg; in 10 mM PBS)
or orally (20 mg/kg; 50 mM sodium phosphate
buffer; and 30, 100, and 300 mg/kg; 10 mM
PBS) to fasted Sprague Dawley rats (n=3/group).
Blood was collected for up to 24 hours (h) (see
Supplementary Methods Sect. 1.2.1).

Plasma PK profiles were determined follow-
ing a single dose of icotrokinra administered
by intravenous (IV) injection (1 mg/kg; in PBS)
or orally (2.5, 7.5, and 22.5 mg/kg; in 50 mM
sodium phosphate buffer) to fasted cynomol-
gus monkeys (n=4/group). Blood was collected
for up to 24 h (see Supplementary Methods
Sect. 1.2.2).

A PK study was conducted to determine
the tissue distribution of icotrokinra follow-
ing a 1 mg/kg (in 20% HP-B-CD) IV injection
to cynomolgus monkeys (n=4) on two con-
secutive days. Plasma PK was assessed on Day
1. On Day 2, animals were sacrificed and tissue
samples were collected at 1.5 and 6 h post-dose
(n=2/timepoint; see Supplementary Methods
Sect. 1.2.3).

The tissue distribution of risankizumab was
determined following a 2 mg/kg IV injection
to cynomolgus monkeys (n=4). On Day 7 post
administration, serum and tissue samples were
collected (n=4/timepoint; see Supplementary
Methods Sect. 1.2.4).
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Icotrokinra metabolism was investigated fol-
lowing a single dose of [*C]-icotrokinra admin-
istered orally (300 mg/kg [~400 nCi/kg]; in
50 mM phosphate) to fasted Sprague Dawley
rats (n=2). Urine, feces, and blood were col-
lected through 24 h and metabolite profiles
were obtained (see Supplementary Methods
Sect. 1.2.5).

Icotrokinra excretion was investigated fol-
lowing a single dose of [!*C]-icotrokinra admin-
istered orally (300 mg/kg [~400 pCi/kg]; in
50 mM phosphate) to fed Sprague Dawley rats
(n=3). Urine and feces were collected for 96 h
(see Supplementary Methods Sect. 1.2.6).

The metabolism and excretion of icotrokinra
were investigated following a single dose of
[“C]-icotrokinra administered orally (300 mg/
kg [~ 100 pCi/kg] in water) to fasted cynomolgus
monkeys (n=2). Blood samples were collected
from all animals for up to 48 h and urine and
teces were collected through 96 h (see Supple-
mentary Methods Sect. 1.2.7).

Phase 1 Studies in Healthy Participants

Study Design

First-in-Human Study This was a single-
center, randomized, double-blind, placebo-con-
trolled, single and multiple ascending dose study
to assess the safety, tolerability, PK, and pharma-
codynamics (PD) of icotrokinra in healthy adult
participants. The study was conducted in two
parts: the single ascending dose (SAD) and the
multiple ascending dose (MAD), with each part
involving a different set of participants. SAD was
a sequential single dose-escalation design with
five cohorts, with participants randomized to
receive placebo (n=2) or icotrokinra (n=6). Sin-
gle icotrokinra doses of 10 mg, 25 mg, 100 mg,
300 mg, or 1000 mg were administered as an
oral solution (in 50 mM sodium phosphate, pH
7.4) following an overnight fast. MAD was a
sequential multiple dose-escalation design with
five cohorts using the same five dose levels as the
SAD, and participants randomized into the pla-
cebo (n=2) or icotrokinra (n=_8) groups. Approx-
imately 22-30 h following their last dose, par-

ticipants receiving the 25 mg dose underwent
sigmoidoscopy to obtain mucosal colon and rec-
tal tissue biopsy samples to measure tissue drug
levels. An additional sixth cohort (100 mg) was
added and underwent sigmoidoscopy for col-
lection of mucosal tissue samples. In each MAD
cohort, with the exception of the 1000 mg dose,
study drug was administered once daily for ten
consecutive days following an overnight fast
at the same doses as in the SAD. The 1000 mg
dose was administered for 8 days when, out of
an abundance of caution, the dosing was inter-
rupted due to a nonserious AE experienced by
one subject. The event was later deemed to be
unlikely related to study treatment by the inves-
tigator.

Relative Bioavailability Study An oral tablet
formulation of icotrokinra was developed for
use in Phase 2 clinical studies and a 200 mg tab-
let formulation was developed for use in ensu-
ing Phase 3 clinical studies. The bioavailability
study comparing the Phase 3 200 mg tablet for-
mulation with the Phase 2 100 mg tablet formu-
lation was conducted to bridge the two formu-
lations. A single-dose, open-label, randomized,
crossover study design was employed to evaluate
icotrokinra bioavailability with the two formu-
lations in healthy adult participants. A washout
period of>7 days was included between treat-
ment periods for each individual participant.

Participants

First-in-Human Study Healthy adult men
and women of non-childbearing potential aged
18-65 years in good health (nonsmokers with
no significant medical history or clinically sig-
nificant laboratory abnormalities) and with a
body mass index (BMI) of 18-32 kg/m? were eli-
gible for inclusion. Key exclusion criteria were
a history of clinically significant abnormalities
or diseases; surgical resection of the stomach or
small or large intestine; symptomatic infection;
history of severe allergic or anaphylactic reac-
tions; use of topical antibiotics; or a history of
substance abuse.

Relative Bioavailability Study Healthy adult
men or women (non-childbearing potential)
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aged 18-60 years with a body weight>50 kg and
BMI between 18 and 30 kg/m? deemed healthy
on the basis of physical examination, medical
history, and clinical laboratory tests were eligi-
ble for inclusion. A history of, or current, clini-
cally significant medical illness excluded partici-
pation.

Pharmacokinetic Evaluation of Icotrokinra
in Humans

First-in-Human Study PK parameters were
assessed on Day 1 in SAD and Days 1 and 10 in
the MAD study. Concentrations of icotrokinra
in plasma from collected blood specimens were
analyzed using a validated liquid chromatogra-
phy with tandem mass spectrometry (LC-MS/
MS) method. Following extraction from urine,
feces, rectum, and sigmoid colon samples using
standard procedures, icotrokinra concentra-
tions were analyzed using a high-performance
LC system coupled to an API4000 mass detec-
tor. PK analysis was done using Phoenix™
WinNonlin® (Certara LP) and were summarized
using descriptive statistics. Icotrokinra plasma
concentration-time data were graphically pre-
sented per treatment.

Icotrokinra dose proportionality was assessed
using the power model with natural log-
transformed PK parameter values and natural
log-transformed dose (excluding the placebo
group) using equation: In (PK parameter) =f,+
In(dose) + €. The power model was used to esti-
mate the slope parameter () and the 90% con-
fidence interval (CI) for the slope. Dose propor-
tionality was concluded if the 90% CI of the
slope estimate included the value of 1.

Relative Bioavailability Study The full PK
profile of icotrokinra was determined over 48 h
post-administration in each treatment period.
Icotrokinra concentrations in plasma samples
were determined using a validated LC-MS/MS
method. PK analysis was done using Phoenix™
WinNonlin® (Certara LP) and were summarized
using descriptive statistics.

In both the first-in-human (FIH) and rela-
tive bioavailability studies, safety was evaluated
throughout each study via physical examination

findings, vital signs, electrocardiograms, and
clinical laboratory parameters and monitoring
of AEs and serious AEs (SAEs).

Ethical Approval

Rat study protocols and procedures were con-
ducted under the United Kingdom Home Office
project license number PP9376768 that controls
scientific procedures on animals in the United
Kingdom under the Animals (Scientific Proce-
dures) Act 1986. The regulations conform to
the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, Council
of Europe) and achieve the standard of care
required by the United States Department of
Health and Human Services’ Guide for the Care
and Use of Laboratory Animals. Monkey study
protocols and procedures were reviewed and
approved by the Charles River (Nevada) Insti-
tutional Animal Care and Use Committee and
were conducted in compliance with applicable
sections of the Final Rules of the Animal Wel-
fare Act regulations (Code of Federal Regula-
tions, Title 9), the Public Health Service Policy
on Humane Care and Use of Laboratory Animals
from the Office of Laboratory Animal Welfare,
the Guide for the Care and Use of Laboratory
Animals from the National Research Council.
The FIH study protocol was reviewed and
approved by Alfred Hospital Ethics Commit-
tee (Project 613/20 HREC/69080/Alfred-2020).
The Human Research Ethics Committee (HREC)
gave written approval for the Phase 1 FIH
study in accordance with local regulations. The
HREC was appropriately constituted and oper-
ated in accordance with the Notes for Guid-
ance on Good Clinical Practice (GCP, CPMP/
ICH/15/95), as adopted by the Australian Ther-
apeutic Goods Administration (TGA, 2000)
and the National Health and Medical Research
Council (NHMRC) National Statement on Ethi-
cal Conduct in Human Research (2007, updated
2018). Each subject gave informed consent at
the screening visit to participate in the study
and publication. This study was conducted in
accordance with the principles of the current
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Declaration of Helsinki (Ethical Principles for
Medical Research Involving Human Subjects),
the NHMRC National Statement on Ethical
Conduct in Human Research (2007, updated
2018), and Notes for Guidance on GCP (CPMP/
ICH/135/95) established from the International
Conference on Harmonization guidelines and
adopted by the Australian TGA (2000). All study
investigations were undertaken by scientifically
and medically qualified persons.

The relative bioavailability study protocol was
reviewed and approved by FAGG (federal agency
for medicines and health products in Belgium;
reference number R&D/1317536). The study was
conducted in accordance with the ethical princi-
ples that have their origin in the Declaration of
Helsinki and that are consistent with GCPs and
applicable regulatory requirements. Informed
consent was gained prior to the commencement
of any study procedures.

RESULTS

In Vitro Characterization

Permeability Assessment in LLC-PK1 Cell
Monolayers

Across the studied concentration range
(1-300 uM), icotrokinra exhibited low perme-
ability that was not saturable in polarized cell
monolayer models expressing MDR1, the gene
encoding human P-glycoprotein (P-gp), with
apparent permeability coefficient (P,pp) (o) rang-
ing from 0.90 to 1.96 nm/s and P, .4y from
0.61 to 1.98 nm/sec (Supplementary Table S1).
Efflux ratios (ERs) were<2 across the concen-
tration range in the absence (0.7-1.2) or pres-
ence (1.1-1.3) of the P-gp inhibitor, valspodar,
confirming no directional differences in perme-
ability and no change in permeability with P-gp
inhibition, indicating that icotrokinra is not a
substrate of P-gp. Under the same incubation
conditions, ERs of ['*C]-icotrokinra were also<2
in mock-transfected cell monolayers.

Plasma Protein Binding and Blood Cell
Partitioning

Icotrokinra showed low protein binding across
species (Supplementary Table S2), with mean
percent bound ranging between 43.7% and
56.0% in mouse, rat, and monkey plasma and
49.7-55.2% in human plasma. Protein bind-
ing was notably higher in rabbit plasma (mean
bound compound 70.3-71.9%). No concentra-
tion-dependent differences in protein binding
were observed across the tested concentrations
(0.01-1 pM). Additionally, icotrokinra was
found to be stable in plasma at 37°C for up
to 16 h. Mean percent binding values ranged
from 25.7% to 35.9% for 4% human albumin,
1.07% to 10.6% for 0.07% AAG, and 7.56% to
8.53% for 0.14% AAG, whereas in mixtures of
4% albumin with 0.07% or 0.14% AAG, pezr-
cent binding ranged from 25.8% to 37.1% and
20.0% to 33.8%, respectively. Thus, icotrokinra
appeared to be preferentially binding to human
serum albumin as compared with AAG. Since
plasma protein binding is low, no DDI related
to plasma protein binding are expected.

Icotrokinra exhibited low blood partition-
ing and no preferential binding to RBCs, with
mean observed Kyyg,p and Kppc/p values of<1
in rat, dog, monkey, and human whole blood
(Supplementary Table S3). Across icotrokinra
concentrations of 2.5-250 ng/mL, mean Kyyyp
values ranged from 0.63 to 0.84 in rat, 0.61
to 0.84 in dog, 0.43 to 0.79 in monkey, and
0.49 to 0.61 in human whole blood after 2 h
of incubation.

Metabolic Stability

Icotrokinra demonstrated in vitro stability
in feces, GI mucosa, and hepatocytes across
rat, monkey, and human species. At 50 uM,
the mean half-life (f,,) values in fecal and
GI mucosal matrices exceeded 24 h for all
three species. After 24 h, the percentages of
icotrokinra remaining in fecal homogenates
relative to the initial concentrations were
81.3%, 75.2%, and 76.0% in rats, monkeys,
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Table 1 Plasma pharmacokinetics of icotrokinra in rats and monkeys following intravenous or oral dosing

Dosing Animal Dose, CL,mL/ VemL/kg C...ng/ ¢.,h AUC,, t,h F,%
route mg/kg min/kg mL ng*h/mL
v Rat® 2 87740387 459+4.86 - - 38104166  0.762+0.056 -
Monkey® 1 14440018 299+30.4 - - 12,0004£2930 3474042 -
PO Rat® 20 - - 8.68+3.10 2(2,2)¢ 44.2° 2.36f 0.12¢
Rat®s 30 - - 134 0.5 181 1.76 0.32
Rat*$ 100 - - 76.3 1 317 b 0.17
Rat®s 300 - - 134 1 1,120 _h 0.11
Monkey® 2.5 - - 11.0+£0.60 2(1,4)¢ 8224252° 558+3.86° 027°
Monkey® 7.5 - - 2784586 1(0.5, 226+29.6  641+2.09" 025
1)¢
Monkey® 225 - - 843+21.8 15(1, 8124302 5.60+2.02"  0.30'
2)d

Values are presented as mean + standard deviation except as noted

AUC,_,, area under the plasma concentration—time curve from time zero extrapolated to infinity, CL clearance, C,,, maxi-

mum plasma concentration, F bioavailability, »# hour, IV intravenous, PK pharmacokinetic, PO per os (oral gavage), #;,,

plasma elimination half-life time to reach maximum plasma concentration, ¥ volume of distribution at steady state

> tmﬂx
*Sprague Dawley rat (N =3)
®Cynomolgus monkey (N =4)

°N=3: One animal showed an extravascular administration profile rather than a typical IV PK profile and thus was excluded
from PK analysis

4Median (min, max)
¢N=2: Other animal(s) did not have sufficient data in elimination phase
fN'=1: Other animals did not have sufficient timepoints for #, , estimation

&For rats dosed orally at 30, 100, and 300 mg/kg, sparse sampling was used, with 3 rats/timepoint, and composite profiles
were used for PK parameter estimation

hnsufficient elimination phase to calculate 7,

'N'=3: One animal did not give sufficient data in elimination phase

and humans, respectively (Supplementary Fig- (Supplementary Figure S1c). Icotrokinra turno-
ure Sla). The respective percentages remaining ver was low when incubated with hepatocytes,
in GI tissues at 24 h ranged between 92.2% with mean t;,,>371 minutes (min) (>6 h) and
and 100% across species (Supplementary Fig- intrinsic clearance (CL;,,)<1.8 uL/min/10°
ure S1b). Icotrokinra was also shown to be cells. After 2 h of hepatocyte incubation,
stable in SGF alone and solutions contain- icotrokinra remained largely unchanged, with
ing purified GI enzymes, including chymot- 95.7%, 92.8%, and 96.6% of the drug still pre-
rypsin, pancreatin, pepsin, and trypsin, with sent, in rat, monkey, and human hepatocytes,
mean t;,, values exceeding 24 h and percent- respectively, suggesting that it is not subject to
ages of icotrokinra remaining after 24 h rang- significant hepatic metabolic clearance (Sup-
ing between 84.4% and 100% across matrices plementary Figure S1d).
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Fig.2 Plasma concentrations of icotrokinra measured over
24 h in monkeys following a single oral administration.
Dotted line represents the icotrokinra ICs for IL-23-in-
duced STAT3 phosphorylation in human PBMCs after
24 h [12]. SD values below 0 are not plotted. 5 hour, ICj,

— 160, 156

Tissue concentration
(% of plasma or serum

RS [l Icotrokinra

Fig.3 Tissue distribution of icotrokinra (1 mL/kg intra-
venous) and risankizumab (2 mL/kg intravenous) in
monkeys. Icotrokinra tissue concentration presented as

Drug-Drug Interaction Studies

Icotrokinra was evaluated for its potential as
a substrate and inhibitor of human transport-
ers. Icotrokinra was not a substrate for P-gp,

half-maximal inhibitory concentration, IL interleukin,
PBMC peripheral blood mononuclear cell, SD standard
deviation, STAT3 signal transducer and activator of tran-
scription 3

. Risankizumab

tissue:plasma percentage. Risankizumab tissue concentra-
tion presented as tissue:serum percentage

OATP1B1, OATP1B3, OAT1, OAT3, OCTZ2,
MATE1, MATE2-K, and BCRP and did not
inhibit P-gp, OAT1, OAT3, OCT2, MATE],
MATE2-K, BCRP, or BSEP activity (Supple-
mentary Table S1; Supplementary Table S4;
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Table 2 Mass balance of ["*C]-icotrokinra (300 mg/kg) and its main metabolites in rats (~400 uCi/kg) and monkeys

(~100 uCi/kg) after oral administration

Analyte Rat* (0-24 h), % of dose Monkeyb (0-96 h), % of dose
Feces Urine Total Feces Urine Total

Ms - - - 0.89 - 0.89
Mé - 0.004 0.004 0.67 - 0.67
M7 - 0.028 0.028 - 0.06 0.06
M8 - 0.006 0.006 0.02 - 0.02
M9 - 0.034 0.034 - 0.02 0.02
M10 - - - 0.35 - 0.35
M11 - - - - 0.02 0.02
Mi12 - 0.002 0.002 0.02 - 0.02
M13 - - - 0.02 - 0.02
Ml14 1.7 - 1.7 0.90 0.01 0.91
MI16° 1.0 - 1.0 - - -
M25 - 0.010 0.010 - - -
M26 - 0.012 0.012 - - -
M27 - 0.003 0.003 - - -
UD 72.8 0.056 72.9 64.2 0.86 65.1
Sum 75.5 0.155 75.7 67.1 0.97 68.1

Values are presented as mean except as noted

b hour, LC-MS/MS liquid chromatography with tandem mass spectrometry, M metabolite, UD unchanged drug

*Sprague Dawley rat (N=2)
®Cynomolgus monkey (N'=2)
“M16 estimated on the basis of LC-MS/MS data in rat

Supplementary Table S5; Supplementary
Table S6). At the highest tested concentra-
tions (measured concentrations of 24.7 uyM
for OATP1B1 and 24.2 pM for OATP1B3),
43.9% and 48.0% inhibition of OATP1B1 and
OATP1B3 activity, respectively, were observed
(Supplementary Table S4). No interaction
with these transporters is anticipated at clini-
cally relevant concentrations (the maximum
plasma concentration [C,,] for a 200 mg
dose is approximately 0.002 uM), suggesting

icotrokinra would not influence the PK of
drugs that are substrates of these transporters.

Icotrokinra (up to 100 uM) did not exhibit
concentration-dependent inhibition of major
human CYP enzymes. The half-maximal
inhibitory concentration (IC;,) for all CYP
isoforms was>100 pM, indicating minimal
potential for CYP-mediated DDIs. At the high-
est concentration tested (100 pM), maximum
inhibition was<10% for most CYP isoforms,
with only CYP1A2 (19%) and CYP2E1 (30%)
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showing weak inhibition. These findings sug-
gest icotrokinra is not a significant inhibitor of
the selected CYP enzymes under the conditions
tested.

The potential for icotrokinra to induce
CYP1A2, CYP2B6, and CYP3A4 mRNA expres-
sion was evaluated in cultured human hepat-
ocytes at concentrations of up to 90 uM.
Icotrokinra caused no induction (<2-fold
change in mRNA expression) and minimal
response relative to the positive control (<5%
at 90 pM; Supplementary Table S7), indicating
no significant induction of the selected CYP
enzymes under the conditions tested. Together
with the hepatocyte stability and CYP inhibi-
tion results, these findings indicate icotrokinra
has a low potential for enzyme-mediated DDIs.

In Vivo PharmacoKkinetic Studies of
Icotrokinra

Pharmacokinetic Profile in Rats and Monkeys

Following a single IV dose (2 mg/kg in rats, 1 mg/
kg in monkeys), icotrokinra exhibited moderate
distribution, with estimated volumes of distri-
bution at steady state (V) of 459 mL/kg in rats
and 299 mL/kg in monkeys. The area under the
plasma concentration-time curve from time 0
extrapolated to infinity (AUC,_,,) was 3810 ng*h/
mL in rats and 12,000 ng h/mL in monkeys
(Table 1). Plasma elimination t,, was 0.762 h
and 3.47 h in rats and monkeys, respectively,
and mean clearance was 8.77 mL/min/kg and
1.44 mL/min/kg, respectively.

Oral administration of icotrokinra at 20, 30,
100, and 300 mg/kg in rats yielded a mean C,,,, of
8.68, 134, 76.3, and 134 ng/mL; oral bioavailabil-
ity (F) of 0.12%, 0.32%, 0.17%, and 0.11%; and
an AUC,,_,, of 44.2, 181, 317, and 1,120 ng*h/mL
(Table 1). Terminal half-life was approximately 2 h
where estimatable. Similar results were observed
in monkeys following single oral doses of 2.5, 7.5,
or 22.5 mg/kg, with plasma concentrations peak-
ing 1-2 h post-dose (Table 1, Fig. 2); respective
mean C,,, values were 11.0, 27.8, and 84.3 ng/
mL, demonstrating an approximately dose-
proportional increase. Systemic exposure (AUC
0-) increased dose-proportionally by 2.75-fold

(7.5 versus 2.5 mg/kg) and 9.88-fold (22.5 versus
2.5 mg/kg) across tested dose levels. Oral bioavail-
ability of icotrokinra in monkeys was low, with
values of 0.27%, 0.25%, and 0.30% at doses of
2.5, 7.5, and 22.5 mg/kg, respectively. However,
even at the lowest dose of 2.5 mg/kg, icotrokinra
plasma concentrations exceeded its ICs, for inhi-
bition of IL-23-induced signal transducer and acti-
vator of transcription 3 (STAT3) phosphorylation
in human peripheral blood mononuclear cells
(PBMC:s; Fig. 2) [12]. Elimination t,, was consist-
ent across the oral dose groups, ranging from
5.6 hto 6.4 h (Table 1).

Tissue Distribution in Monkeys

In monkeys, IV-administered icotrokinra
(1 mg/kg) was found to be well distributed to
tissues relevant to psoriasis, psoriatic arthri-
tis, and IBD, including skin, joints, and GI tis-
sues (Fig. 3). Skin, blister fluid, ileum, cecum,
colon, rectum, patellar synovium, patellar
tendon, intervertebral ligament, Achilles ten-
don, and sacroiliac ligament had estimated
tissue concentrations relative to plasma
(tissue:plasma) between 45.8% and 156%.
Risankizumab, a monoclonal antibody that
inhibits the IL-23 cytokine, showed tissue
concentrations relative to serum (tissue:serum)
ranging from 4.07% to 32.1% after a 1 mg/
kg IV dose in monkeys, using the same test-
ing site and collection procedures, with time-
points adjusted accordingly for the peptide
and antibody (Fig. 3).

Metabolic Profiling in Rats and Monkeys

Following oral administration of
['*C]-icotrokinra at 300 mg/kg in rats,
unchanged icotrokinra was the predominant
species (>95%) in all plasma samples. Eight
metabolites (M6, M7, M8, M9, M12, M25, M26,
and M27), along with unchanged icotrokinra,
were identified in urine at comparable levels
(Table 2). In feces, unchanged icotrokinra was
the dominant species (96.3%), with minor con-
tributions from metabolites M14 (2.2%) and
M16 (1.5%). The recovery of unchanged drug
from feces (0-24 h) was on average 72.8% of
the total dose (Table 2). M27 and M16 were
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Table 3 Bascline characteristics in Phase 1 healthy volunteers

Characteristic

First-in-human study

SAD
10 mg 25 mg 100 mg 300 mg 1000 mg Overall Placebo Total
(N=6) (N=6) (N=5) (N=6) (N=6) (N=29) (N=10) (N=39)
Ageyears  21.5(18,  240(19, 31.0(23, 280(20, 21.5(20, 230(18, 230(19,  23.0(18,52)
23) 52) 52) 34) 42) 52) 41)
Sex, 7 (%)
Male 6(100)  6(100)  5(100)  6(100)  6(100)  29(100)  10(100) 39 (100)
Female 0 0 0 0 0 0 0 0
Race, 7 (%)
Asian 1(16.7) 4(66.7) 2 (40.0) 1(16.7) 4(66.7) 12 (41.4)  5(50.0) 17 (43.6)
Blackor 0 0 0 2(333) 0 2(69) 0 2(5.1)
African
Ameri-
can
White 5(83.3) 2(33.3) 3 (60.0) 3 (50.0) 2(33.3) 15(51.7)  5(50.0) 20 (51.3)
Weight, kg 76.2 (69, 69.0 (56, 78.6 (62, 76.5 (62, 73.2 (70, 73.9 (56, 71.7 (62, 73.5 (56,
112) 74) 94) 79) 108) 112) 85) 112)
Height, cm 182 (172, 172 (167, 177 (169, 176 (174, 178 (171, 177.0 (167, 178 (172, 177 (167,
190) 181) 182) 185) 189) 190) 185) 190)
BML kg/m® 22.6(22,  233(19, 251(22, 241(20, 246(23, 240(19, 224(20, 237(19,
32) 26) 29) 26) 31) 32) 28) 32)
MAD
10 mg 25 mg 100 mg 300 mg 1000 mg 100 mg Overall Placebo Total
(N=8) (N=4) (N=8) (N=8) (N=8) (N=8)7° (N=44) (N=12) (N=56)
Age,years 265(22, 255(25, 27.0(20, 28.0(19, 29.5(23, 325(19, 28.0(19, 275(24, 28.0(19,
52) 47) 49) 35) 56) 53) 56) 40) 56)
Sex, 7 (%)
Male  8(100.0) 4(100.0) 8(100.0) 8(100.0) 8(100.0) 8(100.0) 44(100.0) 12(100.0) 56
(100)
Female 0 0 0 0 0 0 0 0
Race, 2
(%)
Asian 1(12.5) 2(50.0) 1(12.5) 4(50.0) 1(12.5) 1(12.5) 10(22.7) 6(50.0) 16
(28.6)
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Table 3 continued
MAD
10 mg 25 mg 100 mg 300 mg 1000 mg 100 mg Overall Placebo Total
(N=8) (N=4) (N=8) (N=8) (N=8) (N=8) (N=44) (IN=12) (IN=56)
White  7(875) 2(500) 5(625) 4(500) 7(87.5) 6(750) 31(705) 6(50.0) 37
(66.1)
Other 0 0 2(250) 0 0 1(125) 3(68) 0 3 (5.4)
Weight, kg 76.5 (61, 75.0(53, 91.7(75, 81.7(65  80.9(60, 79.5(61, 80.8(53, 73.9(58, 795
84) 96) 99) 99) 104) 92) 104) 98) (53,
104)
Height,  175(169, 176(168, 180 (174, 174(171, 180(163, 177(166, 177(163, 168(163, 177
cm 189) 185) 188) 180) 186) 192) 192) 188) (163,
192)
BMLkg/ 23.1(20, 237(18, 266(24 273(21, 254(20, 254(19, 254(18, 24.1(20, 252
m? 30) 29) 32) 32) 30) 31) 32) 29) (18,
32)
Relative bioavailability
N=24

Age years
Sex, 7 (%)
Male
Female
Race, 7 (%)
Asian
White
Weight, kg

Height, cm
BMI, kg/m*

55.0 (23.0, 60.0)

19 (79.2)
5(20.8)

1 (4.20)
23 (95.8)
79.7 (60,91)

174 (152, 193)
26.0 (22, 30)

Values are presented as median (minimum, maximum) except as noted

BMIbody mass index, MAD multiple ascending dose, SAD single ascending dose

*Cohort was added for sigmoidoscopy assessments

detected in the spiked blank plasma, feces, and
urine samples, indicating that the presence of
these metabolites could be partially attributed
to sample processing.

Following a single oral dose of
[1*C]-icotrokinra at 300 mg/kg in monkeys,
unchanged drug was the predominant species
in plasma, and the main species recovered in

the excreta, corresponding to 64.2% of dose
recovery. In feces, metabolites (M5, M6, M8,
M10, M12, M13, and M14) accounted for very
low amounts of the oral dose (Table 2). Four
metabolites (M7, M9, M11, and M14) and
unchanged icotrokinra were detected in urine
at similarly low levels (Table 2).
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10 mg (N=6)
25 mg (N=6)
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%1000 mg (N=6)

Median plasma concentration (ng/mL)

0 4 8 12 1620 24 28 32 36 40 44
Time after dose (h)
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Fig.4 Plasma concentrations of icotrokinra in healthy
participants following a single dose (A) or multiple doses at
Days 1 and 10 (B) of the solution formulation, and com-
paring 1 x 200 mg (Phase 3) tablet with 2 x 100 mg (Phase

Excretion in Rats and Monkeys

Following an oral dose of 300 mg/kg
[1“C]-icotrokinra, fecal excretion was the pri-
mary route of elimination in both rats (96.8%

12 16 20 24 28 32 36 40 44 48

Time after dose (h)

2) tablets (C). *Data below the level of quantification are
not plotted. The 1000 mg dose was administered for 8 days
only. 5 hour

recovered) and monkeys (67.0% recovered)
within 96 h, with the majority eliminated in
the first 24 h (Supplementary Table S8). Total
recovery of the dose over 96 h, including from
urine, feces, and cage washing, was 97.3% in
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A Day 1

In Copa (NG/ML)

In Dose (mg)

10mg ,25mg ,100mg ,300mg 1000 mg
Nes A=t Azt Aneg A g

Day 1

In AUCq 22, (ng™h/imL)

3 4 S 6 7
In Dose (mg)

10mg ,25mg 100 mg ,300 mg 1000 mg
N=7 AN=4 AN=16 A N=8 A N=8

Fig.5 Maximum plasma concentration (A) and area
under the plasma concentration-time curve at 24 h (B)
following multiple doses of icotrokinra in healthy partici-
pants. Dose proportionality was assessed using the power
model with natural log-transformed PK parameter values

rats and 73.1% in monkeys. In both rats and
monkeys, < 1% of icotrokinra was recovered from
urine within 96 h; however, this likely repre-
sents a major clearance pathway for systemically
absorbed drug since the oral bioavailability is
similarly low. Quantitative whole-body autoradi-
ography of a single monkey carcass revealed that
icotrokinra levels were below the lower limit of
quantification (LLOQ) in all tissues at 96 h post-
dose, indicating negligible retention.

Day 10
4+
i 'y
E 2
=4
= A
S
£ 09 4
:
A
24
lJ L) L
3 4 S
In Dose (mg)
10mg ,25mg ,100mg 300 mg
N=7 A N=4 A N=15 A N=8
Day 10
69
g
= 49
S
(=]
=
§
2
27 4
= A
09
L] L] L]
3 4 S
In Dose (mg)

10mg ,25mg 100mg ,300 mg
N=7 ) N=4 A N=15 A N=8

and natural log-transformed dose (excluding the placebo
group). Line represents best fit on the basis of linear regres-
sion analysis. AUC,,,, area under the curve at 24 h, C,,,.
maximum plasma concentration, /z natural log, PK phar-
macokinetic

Icotrokinra Phase 1 Clinical Studies in
Healthy Volunteers

Participant Disposition and Demographics

Baseline characteristics of healthy adults
enrolled in the FIH study are presented in
Table 3. All participants were men. In the SAD
population, the median participant age was
23.0 years; 51.3% were white; and median
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Table 5 Comparison of icotrokinra PK parameters following single administration of 200 mg icotrokinra in Phase 1 healthy

volunteers in the relative bioavailability study

Formulation N Geo- Comparison GMR, % 90% CI Inter- Intra-
metric participant partic-
mean CV, % ipant

CV, %
C a0 Ng/mL 1x200 mgtablet 24 340 1x200 mgtablet versus 88.1 743-104.4 26.7 35.6
2 x 100 mg tablet
2x100 mgtablet 23 3.86
AUC 1, »ng'h/  1x200mgtablet 23 41.1  1x200 mgtablet versus 94.2 85.1-104.3 21.0 20.5
mL 2 x 100 mg tablet
2x 100 mgtablet 23 43.7
AUCq_ong'h/mL 1,200 mgtabler 23 43.8  1x200 mgtabletversus 949  85.6-1052 19.6 207

2 x 100 mg tablet

2x100 mgtablet 23 46.2

PK parameters were log transformed and submitted to a linear mixed effects model controlling for intervention, sequence,

and period as fixed effects, and participant within sequence as a random effect. Results are presented on original scale after

antilogarithm transformation

AUC area under the plasma concentration—time curve, AUC, ., AUC from time zero extrapolated to infinity, AUC,_,,,

AUC from time zero to the time of the last measurable concentration, CI confidence interval, CV coeflicient of variation,

C,,.. maximum plasma concentration, GMR geometric mean ratio, /N number of data included in the model, PK pharma-

max
cokinetic

weight and BMI were 73.5 kg and 23.7 kg/m?,
respectively. The median participant age in the
MAD population was 28.0 years; 66.1% were
white; and the median weight and BMI were
79.5 kg and 25.2 kg/m?, respectively. In the MAD
population, two participants withdrew consent
for reasons unrelated to safety findings: one par-
ticipant withdrew consent for participation and
the other discontinued due to noncompliance.

Among the 24 healthy participants enrolled in
the relative bioavailability study, 23 completed
the study as planned; 1 participant discontinued
the study due to a treatment-emergent AE (otitis
media). The median age was 55.0 years, 79.2%
were men, 20.8% women, and 95.8% were white
(Table 3). The median weight and BMI were
79.7 kg and 26.0 kg/m?, respectively.

Pharmacokinetic Profile in Humans

Limited PK of icotrokinra in humans has been
previously reported for the SAD and MAD popu-
lations [12]. In the SAD population, following
single oral dose administration of icotrokinra
formulated as a solution, rapid absorption was
observed, with a median time to reach maxi-
mum plasma concentration (t,,,,) ranging from
1.5 h to 4.0 h post-dose (Table 4). The mean t,,,
ranged from approximately 9-12 h across dose
cohorts (25-1000 mg). The median plasma con-
centrations of icotrokinra increased with increas-
ing doses up to 1000 mg (Fig. 4A). In the MAD
cohort, following multiple doses of icotrokinra
formulated as a solution, the median £ ,, ranged
from 1.5 h to 5.0 h on Day 1 and from 1.0 h to
6.0 h on Day 10 (Table 4). The mean t;,, was
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approximately 9-16 h. Consistent with the half-
life, a comparison of C,, and AUC from time 0O
to the time of the last measurable concentration
(AUC_j,s) values on Days 1 and 10 indicated
an accumulation ratio of 0.70-1.65-fold for C,,,
and 0.9-1.49-fold for AUC with once-daily mul-
tiple dosing. Also following multiple doses, the
median plasma concentrations on Days 1 and
10 exhibited a dose-dependent increase (Fig. 4B).
A dose-proportional increase was also seen for
both mean C,_,, (Fig. 5A) and AUC from time
0 h to 24 h (AUC_,41,; Fig. 5B). The slopes (lin-
ear coefficients) for C,,,, and AUC_,4;, on Day
1 and Day 10 were close to unity, and the 90%
ClIs included unity.

In the relative bioavailability study, a median
tmax Of 2 h was observed following a single
oral dose of 200 mg icotrokinra, formulated as
1x200 mg (Phase 3) or 2x 100 mg (Phase 2) tab-
lets, under fasted conditions (Table 4). The mean
ty;, was also consistent across formulations,
with values ranging from 12.4 h to 13.0 h. After
reaching a maximum, plasma concentrations
of icotrokinra exhibited a biphasic decline with
both the 1x200 mg (Phase 3) and 2x100 mg
(Phase 2) tablets (Fig. 4C). Point estimates of the
geometric mean ratios (GMRs) indicated that
the relative bioavailability of icotrokinra for
the 1x200 mg (Phase 3) tablet compared with
the 2x 100 mg (Phase 2) tablets was 88.1% for
Crax 94.2% for AUC_,, and 94.9% for AUC
0- (Table 5).

Metabolic Profiling and Excretion in Humans

Unchanged icotrokinra was the only drug-
related material detected in plasma across both
the SAD and MAD populations. Urinary excre-
tion of unchanged icotrokinra was negligible
(<0.001%), while fecal excretion of unchanged
icotrokinra increased with dose, ranging from
37.2% at 10 mg to 80.7% at 1000 mg. No
metabolites were detected in plasma or urine.
Detectable concentrations of icotrokinra were
noted in sigmoid colon and rectal biopsy sam-
ples collected from participants following
25 mg and 100 mg icotrokinra doses.

Overall, no SAEs were reported and find-
ings from safety assessments in the FIH were
as those reported previously [12].

DISCUSSION

This report describes, for the first time, the
ADME of icotrokinra, a first-in-class targeted
oral peptide that selectively blocks IL-23R sign-
aling. Historically, most peptide therapeutics
have been administered via parenteral routes.
Orally administered peptides face several barri-
ers to absorption in the GI tract. First, the highly
acidic pH of the stomach (<2) [15] can result
in hydrolysis or destabilization of the three-
dimensional peptide structure [16]. In the intes-
tine, peptides can be degraded by high levels of
proteolytic enzymes, as well as enzymes from
intestinal flora, which efficiently break peptide
bonds. Additionally, peptides generally do not
adhere to Lipinski’s “rule of five” parameters,
which define the optimal chemical space for oral
absorption [17]. Factors such as high molecular
weight and low lipophilicity result in very low
intestinal permeability for most peptides.

More recently, several strategies have been
implemented to improve oral bioavailability of
peptides by increasing their proteolytic stabil-
ity and permeability. To support the discovery
of such compounds, new screening strategies,
such as those described in this publication, have
been employed. These include stability assays
that use proteolytic enzymes, mucosal homoge-
nates, and other GI matrices rather than the typ-
ical liver-derived systems that are standard for
optimizing the stability of small molecule ther-
apeutics. Furthermore, due to a lack of clearly
defined regulatory guidelines for assessing DDI
of peptides, small-molecule regulatory guidance
is often followed [18]. Herein, the strategies
described above were used to assess the stabil-
ity of icotrokinra and characterize its ADME and
DDI properties.

The results of ADME profiling demonstrated
that icotrokinra has high metabolic stability,
low risk for transporter- and enzyme-mediated
DDIs, and distributes widely in tissues. In vitro
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absorption assays found icotrokinra is not a sub-
strate or inhibitor of P-gp or other drug trans-
porters, indicating it should not interfere with
the transport of substrate drugs across mem-
branes. Additionally, icotrokinra is not cleared
hepatically and does not inhibit or induce CYP
enzymes, suggesting it should not interfere with
metabolism or clearance of other drugs. Oral bio-
availability was relatively low, which is typical
of peptides [19]; however, drug levels detected
in plasma were substantial, without the use of
absorption enhancers, and previous studies have
demonstrated the ability of these concentrations
to significantly reduce IL-23-stimulated IFNy
production in human blood [12]. Icotrokinra
distributes well to tissues implicated in psoria-
sis, psoriatic arthritis, and IBD. In monkeys, the
estimated tissue concentrations of icotrokinra
ranged between 46% and 156% of plasma con-
centrations following a single IV dose, compared
with 4-27% of serum concentrations for the
anti-IL-23 antibody risankizumab. The observed
risankizumab tissue distribution profile is also
consistent with typical antibody biodistribution
coefficients reported in the literature, ranging
from 5% for intestine to 16% for skin [20, 21].
Icotrokinra is not subject to significant hepatic
metabolic clearance, as demonstrated by in vitro
experiments in rat, monkey, and human hepato-
cytes, which revealed low drug turnover, with
drug remaining largely unchanged after 2 h.
Additionally, minimal metabolism of icotrokinra
was noted in vivo in rats and monkeys, with the
majority of icotrokinra being excreted in feces as
unchanged drug. The main route of excretion for
unabsorbed icotrokinra is through fecal elimina-
tion, while absorbed drug is likely cleared by the
kidneys [16]. Together, these results represent a
typical ADME profile for a peptide [22], with the
exception that icotrokinra, due to its structural
design, exhibited higher stability than generally
observed for peptides administered orally [23].
The high stability and potency of icotrokinra,
lack of interaction with transporters, and broad
tissue distribution relative to monoclonal anti-
bodies allows the drug to be sufficiently bioavail-
able and to produce systemic effects.

The nonclinical PK profile of icotrokinra
translated well to its human PK. In the Phase 1
FIH study, an approximately dose-proportional

increase in the plasma concentrations with
increasing icotrokinra dose was observed. Mini-
mal drug accumulation following once daily
multiple dosing was noted, consistent with the
half-life of icotrokinra. Intact icotrokinra was
primarily excreted in the feces with low amounts
of unchanged drug found in urine. The bioavail-
ability of the 200 mg (Phase 3) tablet was com-
parable to that of the 100 mg (Phase 2) tablet.

Monoclonal antibodies targeting IL-23 have
exhibited favorable safety profiles in long-term
clinical and real-world studies [24-27], under-
scoring the feasibility of modulating the IL-23
signaling pathway for the treatment of chronic
inflammatory diseases. No safety signals were
identified following single- and multiple-dose
administrations of icotrokinra as a solution for-
mulation (10-1000 mg) and as an oral tablet
(100-200 mg) [13, 14].

The present study data have some limita-
tions. Due mainly to ethical issues, the sam-
ple size and number of timepoints analyzed
for the monkey tissue distribution and com-
parison with risankizumab were limited. The
animal tissue PK data have not been directly
tied to PK and efficacy readouts in humans.
Considering that peptides are cleared by pro-
teolytic enzymes throughout the body, rather
than strictly via cytochrome P450 enzymes
in the liver, available in vitro assays for this
modality are not as standardized as the assays
used for small molecules. For example, the
specific enzymes that degrade icotrokinra to
metabolites could not be fully characterized,
as they typically would be for a small mol-
ecule. Due to the high capacity of proteolytic
enzymes, DDI involving these pathways are
unlikely to occur.

CONCLUSIONS

Overall, these findings indicate that icotrokinra
is a stable and bioavailable first-in-class tar-
geted oral peptide that potently and selectively
blocks IL-23R signaling, thus supporting its
further assessment in clinical settings. No DDI
risk has been identified on the basis of in vitro
data and the peptide modality. The Phase 3
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ICONIC development program has been ini-
tiated to evaluate the safety and efficacy of
icotrokinra in broad populations of adults
with moderate-to-severe plaque psoriasis with
the ICONIC-LEAD (NCT06095115), ICONIC-
TOTAL (NCT06095102), ICONIC-ADVANCE
1 (NCT06143878), and ICONIC-ADVANCE 2
(NCT06220604) studies currently ongoing.
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