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BACKGROUND. Icotrokinra is the first and only targeted oral peptide that selectively binds the IL-23
receptor with high affinity to precisely inhibit IL-23 signaling. Icotrokinra demonstrated high rates
of complete skin clearance and durable disease control in the phase Ilb trial, FRONTIER-1, and its
long-term extension, FRONTIER-2, in participants with moderate-to-severe plaque psoriasis. This
study evaluated systemic and skin pharmacodynamic response of icotrokinra and its relationship to
clinical response in FRONTIER participants.

METHODS. FRONTIER-1 participants received icotrokinra or placebo for 16 weeks. FRONTIER-2
followed participants for up to 1year of treatment; placebo participants transitioned to icotrokinra
after week 16. Systemic pharmacodynamic changes were assessed in serum through week 52.
Skin pharmacodynamic changes were assessed using transcriptomic analysis of skin biopsies and
protein quantification in tape-strip samples through week 16.

RESULTS. Icotrokinra dose-dependently reduced serum levels of the IL-23/IL-17 axis and psoriasis
disease biomarkers through week 52, with maximal reductions observed with the highest 100

mg twice-daily dose. Proteomic analyses showed icotrokinra selectively blocked IL-23-driven
inflammation without broader impacts on circulating proteins, including serum IL-23 levels.
Sixteen weeks of icotrokinra, but not placebo, reduced expression of psoriasis-associated genes
in lesional skin. Icotrokinra treatment also reduced psoriasis-relevant proteins in week 16 lesional
skin tape-strips to levels comparable to nonlesional samples.

CONCLUSION. Icotrokinra induced a dose-dependent pharmacodynamic response, with early
(week 4) and sustained (week 52) reductions in biomarkers of IL-23 pathway activation and
psoriasis disease severity, which correlated with clinical response.

TRIAL REGISTRATION. ClinicalTrials.gov: NCT05223868, NCT05364554.

FUNDING. Johnson & Johnson.
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Introduction

Psoriasis is a common, chronic, immune-mediated, inflammatory disease affecting around 2%-4% of the
population in Western countries (1), with plaque psoriasis accounting for about 90% of cases (2). The patho-
genesis of psoriasis involves a complex interplay between T cells, innate immune cells, and keratinocytes
(3). Cytokines and other inflammatory mediators secreted by immune cells drive leukocyte infiltration and
keratinocyte proliferation (3). This cutaneous inflammation results in the clinical appearance of psoriatic
skin lesions that are histologically characterized by loss of keratinocyte terminal differentiation, epidermal
hyperproliferation, and thickening (3).

Conventional systemic oral therapies, including methotrexate, cyclosporine, and fumaric acid esters,
have limited efficacy and may be associated with serious side effects (4). Despite the availability of multiple
advanced systemic oral and biologic treatment options, a significant portion of eligible patients with moder-
ate-to-severe plaque psoriasis are not on advanced therapy, due to safety concerns, lower efficacy of advanced
oral therapies, and/or patient preference (5). Biologic therapies targeting several cytokine pathways, including
tumor necrosis factor (TNF), IL-12/23, IL-17, and IL-23 signaling, have been approved for treating psoriasis
and generally deliver greater efficacy but are limited by the need for intravenous or subcutaneous injections
(6, 7). Two advanced oral therapies, apremilast (phosphodiesterase-4 inhibitor) and deucravacitinib (tyrosine
kinase 2 inhibitor), have been recently approved for psoriasis but show lower efficacy or safety/tolerability
concerns relative to biologics, limiting their use (8-10). Thus, for patients with psoriasis, there is a significant
unmet need for an oral therapy with higher efficacy and a more favorable safety and tolerability profile.

The IL-23 receptor (IL-23R) signaling pathway plays a critical role in the pathogenesis of psoriasis. Genetic
studies have shown that polymorphisms in the IL.-23 pathway are associated with an increased risk of develop-
ing psoriasis (11, 12). IL-23 is predominantly secreted by myeloid cells and can activate IL-23R* pathogenic T
cells (T helper 17, T cytotoxic 17, and tissue-resident memory T cells) and innate immune cells (mucosal-as-
sociated invariant T cells, innate lymphoid cells, yo T cells, and natural killer cells) to drive skin inflamma-
tion (13-17). Furthermore, evidence supports a role for IL-23R signaling in differentiating pathogenic versus
nonpathogenic cells across autoimmune diseases (18). IL-23 pathway inhibition with monoclonal antibodies
targeting the p19 subunit of IL-23 or the p40 subunit shared by IL-12 and IL-23 is clinically validated and has
high therapeutic efficacy in psoriasis (19-24). However, the IL-23R has not previously been a therapeutic target
for psoriasis, and there are no approved, oral therapies that selectively target the IL-23 pathway. Icotrokinra (pre-
viously JNJ-77242113) is the first and only targeted oral peptide that selectively binds IL-23R with high affinity
to precisely inhibit proximal IL-23R signaling and downstream cytokine production (25). Preclinical studies
found icotrokinra to be a stable and bioavailable oral peptide with no risk of drug-drug interaction (26). Unlike
currently approved IL-23 inhibitors that target the soluble IL-23 ligand (e.g., guselkumab, risankizumab, and
tildrakizumab), icotrokinra is a competitive antagonist of the IL-23R and blocks IL-23 signaling, differentiating
this compound from currently approved advanced therapies in psoriasis.

In the recently completed phase IIb, randomized, double-blind, placebo-controlled, dose-ranging,
16-week study (FRONTIER-1, NCT05223868) in participants with moderate-to-severe psoriasis, icotrokin-
ra showed a significant dose-response relationship (P < 0.001) (27). In this study 79% of participants receiv-
ing 100 mg twice daily achieved at least 75% reduction in the Psoriasis Area and Severity Index score (PASI
75), and 40% achieved complete skin clearance (PASI 100) at week 16 (27). In the 36-week long-term exten-
sion (LTE) study (FRONTIER-2, NCT05364554), no new adverse events or safety signals were identified,
and clinical responses were sustained through 52 weeks of treatment (28). Here, modulation of systemic
and tissue pharmacodynamic (PD) biomarkers and its relationship to clinical response was evaluated to
develop a deeper understanding of targeting IL-23R for therapeutic benefit in psoriasis.

Results

Participant baseline clinical and molecular characteristics. To characterize the PD response in participants
with psoriasis treated with icotrokinra, serum samples were analyzed from consenting FRONTIER-1
(n = 248) and FRONTIER-2 LTE (n = 227) participants (Figure 1). Among participants with available
serum samples, no statistically significant differences were noted in baseline demographics or clinical
characteristics among treatment groups, with mean age ranging from 42.0 to 45.7 years, body weight
from 85.1 to 92.1 kg, and psoriasis disease duration from 15.3 to 21.7 years. Females comprised a larger
proportion of participants in the placebo (41.9%) than combined icotrokinra (28.3%) groups. Also, 22.9%
of participants in the combined icotrokinra dose groups had severe psoriasis, as assessed by Investigator
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Global Assessment (IGA), versus 11.6% in the placebo group. Serum beta-defensin-2 (BD-2) (median
levels: 2,614-3,836 pg/mL), IL-17A (0.8 pg/mL for all), IL-17F (3.0-4.6 pg/mL), IL-22 (15.0-28.6 pg/
mL), and IL-23 (0.5-0.6 pg/mL) levels were generally balanced across treatment groups (Table 1).

Baseline demographics were comparable, and no statistically significant differences were noted, among
the 60 (29 placebo and 31 icotrokinra 100 mg twice daily [BID]) participants from whom tape-strip samples
were analyzed for BD-2 (Supplemental Table 1; supplemental material available online with this article;
https://doi.org/10.1172/jci.insight.193563DS1) or among the subset of 46 (20 placebo and 26 100 mg BID)
FRONTIER-1 participants from whom Olink Explore HT-based broad proteomic data were generated from
tape-strip samples (Table 2), with similar differences in demographics as observed in the serum cohort.
Among participants with available tape-strip samples, there was a larger proportion of female participants
in the placebo (55.2%) than in the 100 mg BID icotrokinra group (35.5%); 25.8% of participants in the
icotrokinra dose groups had severe psoriasis, as assessed by IGA, versus 6.9% in the placebo group; however,
none of these differences were statistically significant (Supplemental Table 1).

Fewer participants consented to skin biopsy sampling (placebo N = 3; icotrokinra N = 22), and as a
result there were more differences in baseline characteristics of participants who provided skin biopsy sam-
ples for transcriptomic analyses (Table 3). Similar to the serum and skin-tape cohorts, there was a higher
proportion of females in the placebo group (66.7%) than the icotrokinra group (18.2%). A higher proportion
of icotrokinra-treated participants with skin biopsies had severe psoriasis (40.9%), while all placebo partic-
ipants had moderate psoriasis, as assessed by IGA. Additionally, there were differences in prior therapies,
with 36.4% of participants receiving icotrokinra receiving prior phototherapy and 0.0% in the placebo group.
Findings from skin biopsy transcriptomics datasets should be interpreted within this context.

Characterization of systemic PD changes. Activation of the IL-23 pathway in psoriasis is associated with
increased serum levels of IL-23 pathway biomarkers IL-17A, IL-17F, and IL-22 (29). Additionally, inflam-
matory burden in psoriatic skin has been shown to increase serum levels of antimicrobial peptides, like BD-2
(30). Serum levels of these biomarkers correlate with disease severity and treatment response, including
therapies that inhibit IL-23 (30, 31). Reductions from baseline for IL-17A, IL-17F, IL-22, and BD-2 were
observed for all icotrokinra doses relative to placebo, with the largest reductions in the 100 mg BID dose
cohort. Importantly, reductions in serum biomarkers with icotrokinra treatment were observed as early as
week 4 and were sustained through week 52, with similar reductions from week 16 to week 52 in the placebo
group after transition to icotrokinra 100 mg once daily (QD; Figure 2, A-D).

Other receptor antagonist therapeutics have been shown in clinical studies to increase systemic levels of their
respective ligands (32, 33). Despite reducing psoriasis-relevant biomarkers, blocking IL-23R with icotrokinra did
not result in a change of serum levels of its ligand, IL-23, from baseline through week 52 (Figure 2E). Broad pro-
teomic analysis of serum samples showed that, of the 5,420 proteins quantified on the Olink HT platform, only
11 proteins were significantly downregulated with icotrokinra after 52 weeks of treatment (FDR < 0.05; log, fold
change [FC] < —1; Figure 2F). Eight of these 11 downregulated proteins (P13, IL-19, BD-2, IL-17A, IL-17C,
IL-22, GPR15LG, and SERPINB4) are directly relevant to psoriasis or IL-23 pathway activation (34-38). While
the log, FC of the other 3 proteins (ENTHD1, CAMKIG, and FKBP1B) were less than —1, the —log, P value
was much lower than the aforementioned 8 psoriasis-relevant proteins.

Taken together these results show icotrokinra induced a dose-dependent systemic PD response with
early and sustained reductions in systemic biomarkers of IL-23 pathway activation and psoriasis disease
severity. Furthermore, icotrokinra selectively inhibited IL-23—driven psoriatic inflammation without broad
modulation of circulating proteins, including serum IL-23 levels.

Skin transcriptomic analysis. Effective treatment response in psoriasis, including IL-23 pathway inhibition, is
associated with normalization of the transcriptome in lesional psoriatic skin (19). To characterize the skin PD
response of icotrokinra, whole transcriptome analysis with enrichment of biological pathways and processes
was performed on lesional and nonlesional skin biopsy samples. Given the limited number of participants
consenting to the skin biopsy substudy, only qualitative descriptive analysis of placebo- versus pooled icotrokin-
ra-treated participants was performed. Week 16 lesional skin samples from icotrokinra-treated, but not place-
bo-treated, participant samples were more similar to week 0 nonlesional skin samples (Figure 3). Icotrokinra
treatment induced transcriptional changes, with modulation of gene sets associated with multiple cell types
(e.g., T cells, keratinocytes) and disease-relevant cytokine signaling pathways (e.g., IL-23, IL-12, IFN-y, and
TNF-a). Importantly, icotrokinra attenuated well-characterized psoriasis-associated gene sets, including
meta-analysis derived-3 (MAD-3) up and MAD-5 up, which contain genes that are upregulated in lesional
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Assessed for eligibility
(N=336)

Randomized
(N=255)

FRONTIER-1
(Weeks 0-16)

Icotrokinra
(N=212)

81 Excluded

Placebo (N=43)

7 Discontinued
4 Lack of efficacy
1 Lost to follow-up
2 Withdrawal by pt

25 mg QD (N=43)

7 Discontinued
2 Adverse event
1 Lack of efficacy
3 Lost to follow-up
1 Withdrawal by pt

25 mg BID (N=41)
1 Discontinued
1 Withdrawal by pt

50 mg QD (N=43)
3 Discontinued

2 Adverse event

1 Withdrawal by pt

100 mg QD (N=43)
2 Discontinued

1 Adverse event

1 Withdrawal by pt

100 mg BID (N=42)
4 Discontinued
1 Adverse event
1 Lost to follow-up
2 Withdrawal by pt

FRONTIER-2

(Weeks 16-52)
PBO—100mg QD 25 mg QD (N=35) 25 mg BID (N=40) 50 mg QD (N=39) 100 mg QD (N=40) 100 mg BID (N=38)
(N=35) 6 Discontinued 10 Discontinued 4 Discontinued 7 Discontinued 3 Discontinued

6 Discontinued
4 Lack of efficacy
1 Withdrawal by pt
1 Other

1 Adverse event
4 Lack of efficacy
1 Lost to follow-up

1 Adverse event

5 Lack of efficacy
1 Lost to follow-up
1 Noncompliance
2 Withdrawal by pt

3 Lack of efficacy
1 Pregnancy

1 Adverse event

2 Lack of efficacy
1 Lost to follow-up
1 Noncompliance
2 Withdrawal by pt

1 Lack of efficacy
1 Lost to follow-up
1 Physician
decision

Analyzed (N=43)

| Analyzed (N=41)

2 insufficient
samples

Analyzed (N=41)

Analyzed (N=41)
2 insufficient
samples

Analyzed (N=42)
1 insufficient
samples

Analyzed (N=40)
2 insufficient
samples

Figure 1. CONSORT diagram of FRONTIER-1 and FRONTIER-2 clinical trials. Flowchart illustrates the number of participants randomized to each treatment
group who were included in the analyses. BID, twice daily; Pt, patient; QD, once daily.

compared with nonlesional psoriasis samples across multiple studies (39), as well as IL-23/IL-17 signaling.
This analysis also showed increased expression of well-characterized gene sets that are downregulated in dis-
ease (e.g., MAD-3 down, MAD-5 down; Figure 3) (39). Thus, icotrokinra treatment induced transcriptional
changes that are consistent with IL-23 pathway inhibition and normalization of inflammation in lesional skin.

Characterization of skin PD changes. Skin tape-strip sampling, a relatively minimally invasive technique,
has shown promise in differentiating transcriptional signatures between psoriasis and atopic dermatitis skin
(40). To further characterize icotrokinra skin PD effects, proteins derived from lesional and nonlesional
skin tape-strip samples collected through week 16 were compared between participants receiving icotrokin-
ra 100 mg BID versus placebo.

The sensitivity of tape-strip based analysis was assessed by evaluating changes in skin levels of BD-2, a
serum biomarker responsive to icotrokinra (Figure 2D). BD-2 protein levels were elevated in week 0 lesion-
al skin in both icotrokinra 100 mg BID and placebo groups. Icotrokinra 100 mg BID treatment, but not
placebo, significantly reduced BD-2 levels in lesional skin to levels approaching those seen in nonlesional
and healthy control skin (Figure 4A).

To further characterize changes in proteins collected via tape-strip sampling, broad proteomics was per-
formed using the Olink Explore HT platform (>5,420 proteins assessed). At baseline, the protein landscape in
lesional tape-strip samples was markedly differentiated from nonlesional samples, with enrichment of several
psoriasis-relevant proteins. A total of 2,684 proteins were upregulated and 18 proteins were downregulated
in lesional samples relative to nonlesional samples. The upregulated proteins included known IL-23/1L-17
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Table 1. Baseline demographic,

disease characteristics, and biomarker levels for participants in the FRONTIER-1 study with serum samples

Icotrokinra
Serum z\'f_‘:b;; 25mgQD 25mgBID 50mgQD 100mgQD 100 mgBID Combined* (NTft;is) P value
- (N = 41) (N = 41) (N = 41) (N =42) (N=40) (N =205) B
Participant demographics
Age, years 43.9(14.7) 444(13.0) 45.7(1.9) 45.2(11.3) 44.2(13.8) 42.0(11.6) 44.3(12.3) 44.2(12.7) 0.854
Female/Male, % 41.9/581 26.8/73.2 26.8/73.2 341/65.9 23.8/76.2 30.0/70.0 28.3/71.7 30.6/69.4 0.5106
White/Asian, % 86.0/11.6 73.2/244  65.9/171  70.7/22.0 81.0/16.7 72.5/20.0 72.7/20.0 75.0/18.5  0.3037/0.7282
Weight, kg 921(24.7) 89.1(19.7) 90.8(221) 871(19.4) 851(22.7) 876(16.8) 879(20.2) 88.6(21.0) 0.6838
Psoriasis characteristics
Psoriasis
duration, years 179 (14.4) 15.3(12.0) 18.1(11.8) 21.7(11.2) 19.9(13.2) 16.8(13.9) 18.4(12.5) 18.3 (12.8) 0.2694
PASI (0-72) 19.0(5.3) 18.8(5.3) 18.5(5.8) 19.2(52) 18.6(6.9) 20.0(6.4) 19.0(5.9) 19.0 (5.8) 0.8795
BSA with
psoriasis, % 261(15.7) 20.8(3.2) 20.9(11.9) 23.8(13.6) 20.1(13.5) 24.0(12.8) 21.9(12.3) 22.6(13.0) 0.2229
, /o
ICGA, % 0.2465°8
Severe (4) 1.6 31.7 19.5 171 19.0 27.5 22.9 21.0
Moderate (3) 88.4 68.3 80.5 82.9 81.0 72.5 771 79.0
Previous psoriasis medications/therapies, %
Phototherapy® 44.2 39.0 36.6 56.1 50.0 35.0 434 435 0.3382
Biologics® 16.3 171 31.7 24.4 214 22.5 234 22.2 0.5822
Systemicst 791 78.0 80.5 82.9 81.0 77.5 80.0 79.8 0.9914
Biomarkers, median pg/mL
BD-2 3,722 3,318 3,716 2,614 3,155 3,836 0.5654
IL17A 0.8 0.8 0.8 0.8 0.8 0.8 0.2138
IL-17F 4.3 41 41 4.6 3.2 3.0 0.665
IL-22 18.7 22.6 15.0 16.9 15.8 28.6 0.3004
IL-23 0.6 0.6 0.5F 0.6 0.5 0.6 0.1683

Data shown are mean (SD), unless otherwise indicated. P values were determined using 1-way ANOVA for continuous variables and y? for categorical
variables. Alncludes all icotrokinra treatment columns. Bincludes participants with IGA 3 or 4. “Includes PUVA or UVB. Includes etanercept, infliximab,

adalimumab, ustekinumab, briakin
natalizumab, certolizumab pegol. £

umab, secukinumab, ixekizumab, brodalumab, guselkumab, risankizumab, tildrakizumab, alefacept, efalizumab,
Includes conventional nonbiologic systemic therapies, novel nonbiologic systemic therapies, 1,25-vitamin D, and

analogs, phototherapy, and biologics. Fn = 40. BD, beta defensin; BID, twice daily; BSA, body surface area; IGA, Investigator’s Global Assessment; IL,
interleukin; PASI, Psoriasis Area Severity Index; PUVA, psoralen plus ultraviolet A; QD, once daily; UVB, ultraviolet B.

JCI Insight 2025;10(24):e193563 h

pathway biomarkers (IL-19, IL-17A, BD-2, IL-22, and IL-17F; Figure 4B). Similar differences in protein
expression patterns were also observed when comparing week 0 lesional skin with skin samples from healthy
volunteers (Supplemental Figure 1). A paired analysis of week 16 versus week 0 lesional samples showed
that 100 mg BID icotrokinra treatment downregulated disease-relevant proteins, with 2,366 downregulated
and 13 upregulated proteins after 16 weeks of treatment (Figure 4C). Importantly, a paired analysis of week
16 lesional versus week 0 nonlesional samples in icotrokinra-treated participants showed 5,406 out of 5,415
proteins were comparable at week 16, and of the 9 proteins that were different between these groups, none are
known to be related to the pathogenesis of psoriasis (Figure 4D).

To further evaluate the impact of icotrokinra on psoriasis-relevant proteins, protein sets were generated
from well-characterized or published psoriasis and IL-23 pathway activation gene sets (39, 41-43). In this
GSVA, the icotrokinra-treated week 16 lesional samples were more similar to healthy control and nonlesional
samples than both week 0 lesional and placebo-treated week 16 lesional samples (Figure 4E). Thus, icotrokin-
ra normalized psoriasis-associated protein signatures in lesional skin to levels observed in nonlesional skin by
week 16, suggesting normalization of skin inflammation with treatment.

Correlation of icotrokinra PD response with observed clinical response and exposure. To understand the
exposure-response relationship of icotrokinra PD and its correlation with clinical response, the phar-
macokinetic (PK)/PD relationship coupled with clinical response was assessed. Log, FC in serum BD-2
levels strongly correlated with percentage PASI improvement (R = -0.6, P < 2.2 X 107'%; Figure 5A).

ttps://doi.org/10.1172/jci.insight.193563
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Table 2. Baseline demographic and disease characteristics for participants in the FRONTIER-1 study with
tape-strip Olink data

Placebo 100 mg BID

Skin tape-strip (N = 20) (N =26) P value
Participant demographics
Age, years 44.9 (12.9) 40.5 (11.5) 0.206
Female/Male, % 50.0/50.0 34.6/65.4 0.4542
White/Asian, % 90.0/10.0 65.4/30.8 01414
Weight, kg 92.7 (29.8) 82.9 (15.4) 0.3351
Psoriasis characteristics
Psoriasis 16.9 (14.9) 13.9 (10.4) 07228
duration, years
PASI (0-72) 18.4 (5.1) 19.5(71) 0.868
BSAwith 274 (14.8) 221(1.7) 0198
psoriasis, %
IGA, % 0.1129*
Severe (4) 5.0 26.9
Moderate (3) 95.0 731
Previous psoriasis medications/therapies, %
Phototherapy® 40.0 42.3 NA
Biologics® 25.0 231 NA
Systemics® 85.0 88.5 NA

Data shown are mean (SD), unless otherwise indicated. Due to low Ns some P values were not produced (NA). AIncludes
participants with IGA 3 or 4. ®Includes PUVA or UVB. tIncludes etanercept, infliximab, adalimumab, ustekinumab,
briakinumab, secukinumab, ixekizumab, brodalumab, guselkumab, risankizumab, tildrakizumab, alefacept,
efalizumab, natalizumab, certolizumab pegol. °Includes conventional nonbiologic systemic therapies, novel nonbiologic
systemic therapies, 1,25-vitamin D, and analogs, phototherapy, and biologics. BID, twice daily; BSA, body surface area;
IGA, Investigator’s Global Assessment; NA, not available; PASI, Psoriasis Area Severity Index; PUVA, psoralen plus
ultraviolet A; UVB, ultraviolet B.

Furthermore, higher reductions in serum BD-2 levels were associated with higher levels of PASI improve-
ment (Figure 5B). Similar results were obtained with IL-22, with serum levels correlating with PASI
response (R = -0.4, P < 2.2 x 107%; Figure 5, C and D).

Population PK/PD modeling was performed to evaluate the relationship between icotrokinra treat-
ment on PASI scores and serum BD-2 levels over time. Sequential population PK/PD modeling with indi-
rect response models for PASI scores and log, BD-2 levels fit the data well (visual predictive check based on
simulation of N = 1,000 shown in Figure 6). The precision of the parameter estimate for the concentration
at half of the maximum effect (EC,)) improved slightly by including BD-2 levels in the model, compared
with a model including PASI scores alone. The time course and magnitude of effect of icotrokinra concen-
trations on PASI scores and BD-2 levels were similar. These results demonstrate that the exposure-clinical
response and exposure-biomarker relationships were similar with icotrokinra. Thus, there was a strong
correlation between exposure, PD changes, and the observed clinical response with icotrokinra.

Discussion

Use of conventional oral therapies approved for psoriasis can be constrained by lower efficacy and safety/
tolerability concerns (7). Monoclonal antibodies targeting the IL-23 p19 subunit or the IL-12/23 p40 subunit
have been shown to be safe and highly efficacious in treating psoriasis (20, 22, 44, 45); however, many patients
prefer oral therapies or have needle phobia, which limit the overall use of injectable biologics (46). The more
recently approved advanced oral therapies for psoriasis, apremilast and deucravacitinib, have demonstrated
lower efficacy or safety/tolerability concerns relative to biologics (9, 10). While several psoriasis treatments
block the IL-23 pathway by targeting the IL-23 cytokine ligand, currently no available drugs bind the IL-23R.
In the FRONTIER-1 and -2 studies, icotrokinra, the first and only targeted oral peptide that selectively binds
IL-23R, demonstrated high rates of durable skin clearance through 52 weeks in participants with moder-
ate-to-severe plaque psoriasis. In these studies, rates of adverse events were similar across the icotrokinra and
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Table 3. Baseline demographics and disease characteristics for participants with skin biopsies

Skin biopsies Placebo Icotrokinra
(N=3) (N =22)
Participant demographics
Age, years 50.0 (7.8) 48.4(14.3)
Female/Male, % 66.7/33.3 18.2/81.8
White/Asian, % 66.7/0.0 68.2/9.1
Weight, kg 82.0(26.2) 93.1(25.8)
Psoriasis characteristics
PsO disease duration, years 12.4 (7.4) 16.6 (13.4)
PASI (0-72) 16.5 (4.6) 19.5(7.6)
BSA with Ps0O, % 18.0(7.2) 25.1(18.2)
IGA
Severe (4) 0.0 40.9
Moderate (3) 100.0 59.1
Previous PsO medications/therapies, %
Phototherapy” 0.0 36.4
Biologics® 333 18.2
Systemic® 66.7 68.2

Data shown are mean (SD), unless otherwise indicated. *Includes PUVA or UVB. EIncludes etanercept, infliximab,
adalimumab, ustekinumab, briakinumab, secukinumab, ixekizumab, brodalumab, guselkumab, risankizumab,
tildrakizumab, alefacept, efalizumab, natalizumab, certolizumab pegol. ‘Includes conventional nonbiologic systemic
therapies, novel nonbiologic systemic therapies, 1,25-vitamin D, and analogs, phototherapy, and biologics. BSA, body
surface area; IGA, Investigator’s Global Assessment; PASI, Psoriasis Area Severity Index; PsO, psoriasis; PUVA, psoralen
plus ultraviolet A; UVB, ultraviolet B.

placebo groups, and no additional adverse events or safety signals were identified through 52 weeks of treat-
ment (27, 28). Preclinical studies also found no risk of drug-drug interactions and no major metabolites (26).
The present study showed that selective targeting of IL-23R signaling with icotrokinra induced an early and
sustained PD response in participants with psoriasis.

Since IL-23R has not been previously targeted for therapeutic efficacy, it was important to confirm that
icotrokinra induced PD changes, both in the systemic circulation and the target skin tissue in patients with
psoriasis. Oral dosing of icotrokinra, as early as week 4, substantially reduced psoriasis-relevant biomarkers
in serum across all dosing regimens compared with placebo. In line with clinical responses seen in FRON-
TIER-1 and -2 studies, the greatest reductions in serum biomarkers were observed with the icotrokinra 100
mg BID regimen. This systemic PD response with icotrokinra was dose dependent and sustained through
week 52. While some receptor antagonists have been shown to increase their respective ligand levels in
serum (32, 33), icotrokinra induced these systemic PD changes without increasing serum levels of IL-23
through 1 year of treatment. Previous studies showed that icotrokinra potently and selectively inhibits IL-23
signaling (25), and the results presented here further confirm that icotrokinra selectively blocks IL-23—driven
inflammation in patients with psoriasis without broader impacts on circulating proteins.

In addition to these systemic PD changes, icotrokinra drove PD changes in the target tissue with
attenuation of transcriptional skin biomarkers that are relevant to disease and IL-23 pathway activation
in psoriasis. Furthermore, icotrokinra downregulated psoriasis-associated proteins in tape strips of lesion-
al skin to levels observed in nonlesional skin. Icotrokinra’s PD response was positively correlated with
increasing exposures, as well as the clinical response, suggesting a strong relationship between the PD and
clinical exposure-response. Ongoing phase III trials of icotrokinra (ICONIC-LEAD [NCT06095115],
ICONIC-TOTAL [NCT06095102], ICONIC-ADVANCE 1 [NCT06143878], and ICONIC-ADVANCE
2 [NCT06220604]) in broad populations of adults with moderate-to-severe plaque psoriasis will further
confirm and provide additional details regarding safety and efficacy profiles, including patient reported
outcomes and how they correlate to biomarker changes in larger patient cohorts.

In addition to defining the magnitude of skin PD response with icotrokinra, these analyses suggests
that tape-strip sampling can provide a minimally invasive alternative to skin biopsies for evaluating disease
biology and treatment response in participants with psoriasis. Tape-strip sampling offers several advantages
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Figure 2. Serum levels of biomarkers relevant to psoriasis disease over time among participants receiving icotrokinra and placebo and broad protein quantifi-
cation of icotrokinra-treated participant serum. Serum levels of (A) IL-17A, (B) IL-17F, (C) IL-22, (D) BD-2, and (E) IL.-23 among participants receiving icotrokinra and
placebo were compared with baseline over time. (F) Olink Explore HT protein quantification in serum of icotrokinra-treated participants at week 52 versus week O.
Of the 5,420 proteins that were quantified, 11 proteins were significantly downregulated (adjusted P < 0.05; log, FC < -1) with icotrokinra after 52 weeks of treat-
ment. (A-E) Estimated marginal means displayed. Error bars are model-based 95% confidence intervals. *Nominal P < 0.05 for all treatments versus baseline.
*Nominal P < 0.01 for all treatments versus baseline. “Nominal P < 0.001 for all treatments versus baseline. "Nominal P < 0.0001 for all treatments versus baseline.
(F) Log, FC =1 or -1and adjusted P value = 0.05 thresholds are depicted with dotted lines. Enrichment statistics were based on Benjamini-Hochberg procedure. BD,
beta-defensin; BID, twice daily; FC, fold change; PBO, placebo; PI, peptidase inhibitor; QD, once daily; CAMKIG, calcium/calmodulin dependent protein kinase IG;
ENTHD1, ENTH domain-containing protein 1; FKBP1B, FKBP prolyl isomerase 1B; GPR15LG, G protein-coupled receptor 15 ligand.

over full-thickness biopsies, including its minimally invasive technique and ease of sample collection, mak-

ing it a more convenient option for patients.

Additionally, tape-stripping allows for real-time analysis of

changes in the skin, making it suitable for monitoring disease progression or treatment responses.
The results reported here have some limitations. In addition to reported numerical differences in baseline

characteristics of participants in this serum and tissue biomarker analysis, only a small number of participants

consented to the optional skin biopsy substudy. As such, there were more differences in baseline characteristics of
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Figure 3. GSVA scores of skin biopsies in lesional and nonlesional skin among participants receiving icotrokinra compared with placebo. Gene set
expression in lesional skin from icotrokinra-treated participants is more similar to nonlesional skin than lesional skin. GSVA, gene set variation analysis;
BID, twice daily; NFKB, nuclear factor «B; PID, Pathway Interaction Database; QD, once daily; Th, T helper cells; TNF, tumor necrosis factor.

participants who consented to skin biopsy sampling, and results should be interpreted within this context. Due to
these limitations, reported skin transcriptional changes were qualitative; therefore, no quantitative interpretations
among dosing regimens or the magnitude of the effect could be drawn. Tape-strip sampling also has some notable
limitations, including that it only samples the outer epidermal layers, so deeper layers of skin are not profiled as
can be done with full-thickness biopsies. Additionally, similar to skin biopsy collections, tape-strip sampling could
be influenced by factors such as operator technique and skin condition. Despite these limitations, our results
clearly show that icotrokinra selectively induced dose-dependent systemic PD responses, characterized by early
(week 4) and sustained (week 52) reductions in objective biomarkers of IL-23 pathway activation and disease
severity. Icotrokinra also attenuated psoriasis biomarkers to normalize inflammation in the skin and drive disease
improvement in participants with psoriasis. Taken together, the data strongly suggest that icotrokinra has a PD
profile that is consistent with its mechanism of action of selectively inhibiting IL-23—driven inflammation and has
the potential to be an oral therapy that will broaden the treatment options for patients with psoriasis.

Methods

Sex as a biological variable
Sex was not considered as a biological variable.

Patients and trial design

FRONTIER-1 study design, patient eligibility criteria, and initial results have been previously reported (27).
Brieflyy, FRONTIER-1 participants with moderate-to-severe plaque psoriasis were randomized 1:1:1:1:1:1
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Figure 4. Protein changes in skin among participants receiving icotrokinra and placebo. (A) BD-2 protein levels in skin of participants receiving
icotrokinra compared with placebo at weeks 0 and 16. Comparisons of BD-2 protein levels (pg of BD-2/ug of total protein) between lesional and
nonlesional skin and between week 0 and week 16 were performed using an unpaired t test. BD-2 protein levels were significantly reduced after 16
weeks of icotrokinra but not with placebo. (B-E) Protein expression measured by Olink Explore HT comparing (B) lesional versus nonlesional skin at
week 0, (C) lesional skin from icotrokinra-treated participants at week 16 versus week 0, and (D) lesional skin from icotrokinra-treated participants
at week 16 versus nonlesional skin at week 0. Psoriasis-relevant proteins were upregulated at week 0 in lesional skin compared with nonlesional,
and they were downregulated after 16 weeks of icotrokinra, bringing protein expression to levels comparable to nonlesional skin. (E) GSVA scores of
protein sets in skin of placebo- and icotrokinra-treated FRONTIER-1 participants and healthy volunteers. Skin from icotrokinra-treated participants
was more similar to nonlesional than lesional skin. *Nominal P < 0.05 based on unpaired t test. (B-D) Log, FC = 1 or -1and adjusted P value = 0.05
thresholds are depicted with dotted lines. Enrichment statistics were based on Benjamini-Hochberg procedure. *BD-2 pg/mL: total pg/mL. "Average
of 100 mg BID and placebo (PBO) nonlesional skin at week 0. “Healthy control (HC) skin tape-strip samples were obtained from sponsor healthy
donor program at Johnson & Johnson (Protocol NOCOMPOUNDNAP1001). DEFB4, defensin beta 4; BID, twice daily; NFKB, nuclear factor xB; NL,
nonlesional; Pl, peptidase inhibitor; RQ, relative quantification; Th, T helper cells; TNF, tumor necrosis factor; W, week.
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Figure 5. Levels of BD-2 and IL-22 in serum are correlated with PASI response among participants receiving icotrokinra. (A and B) BD-2. (C and D) IL-22.Correla-
tion between PASI change from baseline and biomarker change from baseline was performed using Pearson’s correlation. BD-2 and IL-22 log, FC from baseline
were compared across all PASI percentage improvement categories, and adjusted P values were generated using Tukey’s multiple comparisons of means. Reduc-
tions in BD-2 and IL-22 were correlated with PASI improvement. **P < 0.01. ***P < 0.001. Correlation performed using Pearson’s correlation. Adjusted P values
calculated using Tukey’s test for multiple comparisons of means. BD, beta-defensin; BID, twice daily; PASI, Psoriasis Area and Severity Index; QD, once daily.

to receive icotrokinra at a dose of 25 mg QD, 25 mg BID, 50 mg QD, 100 mg QD, 100 mg BID, or placebo
for 16 weeks. FRONTIER-2 was the LTE study, during which participants randomized to icotrokinra con-
tinued their assigned treatment through week 52 and those receiving placebo crossed over to 100 mg QD
icotrokinra after week 16 (47). Concomitant treatments for psoriasis were prohibited, except for shampoos
containing salicylic acid and nonmedicated topical moisturizers.

Serum biomarker analyses

Blood samples were collected through week 52. Serum IL-17A, IL-17F, and IL-23 concentrations were measured
using commercially available kits from EMD Millipore Corporation and analyzed on the SMCxPRO instru-
ment. The IL-22 assay was developed internally on the SMC platform and run on the SMCxPRO instrument.
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Figure 6. Visual predictive check for longitudinal population PK/PD model describing the effect of icotrokinra on PASI and log, BD-2. (A) PASI. (B) log, BD-2. BD,
beta-defensin; BID, twice daily; Cl, confidence interval; PASI, Psoriasis Area and Severity Index; PD, pharmacodynamics; PK, pharmacokinetics; QD, once daily.

A custom BD-2 assay, developed by Mesoscale Discovery (MSD), was performed according to the manufactur-
er’s protocol and read on the MESO QuickPlex SQ120 MSD instrument. A broad evaluation of protein expres-
sion was also conducted on these serum samples, using the Olink Explore HT platform (Olink Proteomics).

Skin tape-strip proteomic analysis

The protocol for protein extraction from tape-strip samples was optimized using the method described by
Clausen et al. (48). See Supplemental Methods for protocol details. Briefly, 20 tape-strips were collected
from lesional or nonlesional skin using D-squame tape discs at each sampling time point (lesional and
nonlesional at baseline; lesional at week 16). Protein was extracted from the last 4 tape-strips of each
patient to sample the deepest layers of skin. BD-2 and broad proteomics were performed using MSD and
Olink Explore HT platform assays per manufacturer’s protocol.
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Skin biopsy processing for bulk RNA sequencing
Skin biopsies for RNA sequencing were collected from a subset of patients. See Supplemental Methods
for protocol details.

Statistics

Participant and disease characteristic differences in baseline characteristics. Participant and disease characteristics
at baseline were compared between placebo and combined icotrokinra participants with available serum
samples using 1-way ANOVA for continuous variables and y? for categorical variables. Due to small sample
sizes, comparisons between placebo and 100 mg BID icotrokinra participants with available Olink tape-
strip data were performed using Kruskal-Wallis for continuous variables and y? for categorical variables,
except baseline IGA 3/4, whose P value was calculated using Fisher’s exact test.

PD treatment effect on biomarker levels in serum. Log, FC from baseline and comparisons between all
icotrokinra doses and baseline for serum biomarkers through week 52 were calculated directly using a
linear mixed effects model with main and interaction fixed effects of treatment arm, time, and participant
random effect, using post hoc estimated marginal mean.

Olink proteomic analysis. Differential protein analyte analysis was performed using the R package Olink-
Analyze (DOI: 10.32614/CRAN.package.OlinkAnalyze). Statistical testing was performed using the olink
ttest function from this package, which applied a Welch 2-sample ¢ test or paired # test at confidence level 0.95
for every protein for a given grouping variable, correcting for multiple testing using the Benjamini-Hochberg
method. Volcano plots for both serum and tape-strip samples were generated in R using ggplot2 with intensi-
ty-normalized protein expression values. GSVA was also performed on Olink proteomic data from tape-strip
samples by generating protein sets from the gene sets described under the transcriptomic analysis.

Skin transcriptomic analysis. RNA sequencing data analysis and GSVA were performed with the GSVA
R package (49). Gene sets used for GSVA were from published data (39, 41-43), BioCarta pathways, and
MSigDB hallmark pathways. Given the limited number of individuals participating in the skin biopsy
substudy, only pooled icotrokinra versus placebo analysis was performed.

Correlation of biomarker levels and disease activity. Data from weeks 0-52 for all participants were
pooled, and PASI percentage improvement was evaluated for correlation with BD-2 and IL-22 serum
levels using Pearson’s correlation. These data were also grouped into 6 PASI percentage improvement
categories, <25%, 25%—-49%, 50%—-74%, 75%—-89%, 90%—99%, and 100%, and adjusted P values were
calculated using Tukey’s test for multiple comparisons of means.

Population PK and PD modeling. Data from all FRONTIER-1 and -2 participants were included in
this analysis. Indirect response models involving a simultaneous fit of BD-2 levels and PASI scores were
used to describe the longitudinal population PK/PD of the PASI and biomarker time courses having
a common drug concentration resulting in EC,,. The model for the drug effect on continuous PASI
accounted for a placebo effect.

Study approval
The study was approved by each site’s institutional review board(s)/ethics committee for all sites. Written
informed consent was obtained from all participants prior to their participation in the study.

Data availability
The data sharing policy of Johnson & Johnson is available at http://www,janssen.com/ clinical-trials/
transparency. As noted on this site, requests for access to the study data can be submitted through the
Yale Open Data Access (YODA) Project site at http://yoda.yale.edu. The data supporting the findings
of this study may be obtained from the authors upon reasonable request.

Data supporting the figures can be found in the Supporting Data Values file.
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