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Abstract
Background: RPT193 is an orally administered small molecule antagonist of the human 
C-C motif chemokine receptor 4 (CCR4) that inhibits the migration and downstream 
activation of T-helper Type 2 (Th2) cells. We investigated single- and multiple-ascend-
ing doses of RPT193 in healthy subjects, and multiple doses of RPT193 in subjects 
with moderate-to-severe atopic dermatitis (AD).
Methods: This was a first-in-human randomized, placebo-controlled Phase 1a/1b 
monotherapy study (NCT04271514) to evaluate the safety, tolerability, pharmacoki-
netics, pharmacodynamics, and CCR4 surface receptor occupancy in eligible healthy 
subjects and subjects with moderate-to-severe AD. Clinical efficacy and skin bio-
marker effects of RPT193 monotherapy were assessed as exploratory endpoints in 
AD subjects.
Results: In healthy (n = 72) and AD subjects (n = 31), once-daily RPT193 treatment 
was generally well tolerated, with no serious adverse events reported and all treat-
ment-emergent adverse events reported as mild/moderate. In AD subjects, numeri-
cally greater improvements in clinical efficacy endpoints were observed with RPT193 
monotherapy versus placebo up to the end of the treatment period (Day 29), with 
statistically significant improvement, compared to Day 29 and placebo, observed 
2 weeks after the end of treatment (Day 43) on several endpoints (p < .05). Moreover, 
significant changes in the transcriptional profile were seen in skin biopsies of RPT193-
treated versus placebo-treated subjects at Day 29, which were also significantly cor-
related with improvements in clinical efficacy measures.
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1  |  INTRODUC TION

Atopic dermatitis (AD) is a chronic inflammatory skin disease that is 
estimated to affect ~15%–20% of children and up to 10% of adults 
worldwide, with growing prevalence.1,2 AD negatively impacts over-
all quality-of-life, with sleep disturbance related to pruritus and pain, 
and other social, emotional/mental, and financial challenges for pa-
tients and their families/caregivers.3–5 Given its high-prevalence, AD 
poses significant public health and economic burdens due to consid-
erable disease-related morbidity and disability, increased healthcare 
resource utilization, impacts on work productivity, and high cost of 
care for payers and patients.6–10 These clinical and economic bur-
dens highlight the importance of optimal disease management.

AD has complex pathophysiology driven by multiple intercon-
nected factors including genetics, microbial imbalance, immune dys-
regulation, and environmental triggers leading to skin inflammation 
and epidermal barrier dysfunction.2,11 Upregulation of the Type 2 
helper T cell (Th2) pathway has been demonstrated to play a cen-
tral role in the pathogenesis of AD and contributes substantially to 
the aberrant immune activation, skin barrier dysfunction, and prop-
agation of inflammation and itch.11–19 Molecular profiling studies in 
lesional and non-lesional skin biopsies,20–22 as well as blood,23–25 
of subjects with AD have revealed upregulated expression of Th2 
markers and found strong correlations with disease severity.

The Th2 immune response is initiated and sustained when 
Th2 cells are recruited to the site of inflammation. This recruit-
ment of Th2 cells is driven by the binding of two principal human 
C-C motif chemokine receptor 4 (CCR4) ligands: thymus and 

activation-regulated chemokine (TARC) also known as C-C motif 
chemokine ligand 17 (CCL17), and macrophage-derived chemok-
ine (MDC) also known as CCL22.26 Individuals with AD and other 
allergic disorders have significantly elevated levels of both TARC/
CCL17 and MDC/CCL22 in blood plasma.27 Circulating TARC/CCL17 
has been shown to correlate with AD disease severity and has been 
described as a biomarker for AD treatment response.28 CCR4, which 
is highly expressed on Th2 cells, has been shown to be critical for 
homing of Th2 cells to skin following cutaneous antigen challenge 
in mice.29–31 In pre-clinical models of AD, Th2-dominated allergic 
skin inflammation characteristic of acute AD skin lesions was ob-
served following cutaneous antigen challenge in wildtype mice, but 
not in Ccr4−/− mice. Furthermore, adoptive transfer of T cells from 
orally immunized wildtype but not Ccr4−/− mice transferred allergic 
skin inflammation to naïve recipients. CCR4 was not found to be 
required for systemic immune response to oral antigen challenge, 
demonstrating that CCR4 is a nonredundant component of lympho-
cyte trafficking that is skin-specific.31 These findings suggest that 
inhibiting the ability of CCR4 ligands to bind to CCR4 may prevent 
migration of Th2 cells into these inflamed tissues and makes CCR4 a 
potential target for the treatment of AD.

RPT193 is an orally administered small molecule CCR4 antag-
onist that is currently being investigated as a potential treatment 
for AD and other allergic disorders including asthma. In preclinical 
assessments, RPT193 exhibited high selectivity for CCR4 and de-
creased cell surface expression of CCR4 in cellular assays.32 CCR4 
antagonists have previously been shown to ameliorate AD-like skin 
lesions in an AD mouse model.33 Here, we present the findings of 

Conclusions: To our knowledge, this is the first clinical study with an oral CCR4 an-
tagonist that showed clinical improvement coupled with modulation of the cutaneous 
transcriptomic profile in an inflammatory skin disease.
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the first-in-human, Phase 1a/1b, multi-center, randomized, dou-
ble-blind, placebo-controlled study (RPT193-01; NCT04271514) 
that investigated the safety, tolerability, pharmacokinetics (PK), and 
pharmacodynamics (PD) of RPT193 monotherapy in healthy sub-
jects and subjects with moderate-to-severe AD. Clinical efficacy 
of RPT193, and the biological effects of RPT193 on the skin tissue, 
were also assessed as exploratory endpoints in AD subjects.

2  |  METHODS

2.1  |  Study design

The RPT193-01 study was divided into 3 parts (Appendix Table 1): 
(1) single ascending dose (SAD) and food effect in healthy subjects; 
(2) multiple ascending dose (MAD) in healthy subjects; and (3) multi-
ple doses in subjects with AD.

In the SAD and MAD cohorts (Phase 1a), following the 28-day 
screening period, eligible healthy subjects were randomized (3:1) at 
baseline (Day 1) to receive oral RPT193 (50, 100, 200, or 400 mg) 
or matching placebo under fasted conditions. Subjects in the SAD 
cohort received a single RPT193 or placebo dose on Day 1, and sub-
jects in the MAD cohort received once daily (QD) doses from Day 
1 to 7. In the SAD cohort, food effect on the PK of RPT193 was 
also examined in subjects who received the 200 mg dose, and the PK 
and PD of lower doses of RPT193 (5 and 20 mg, administered in an 
open-label fashion) were assessed (Supplementary Methods).

In the AD cohort (Phase 1b), following a 35-day screening pe-
riod, eligible subjects with AD were randomized (2:1) on Day 1 to 
receive oral RPT193 400 mg or matching placebo QD from Day 1 to 
28. Randomization was stratified based on validated Investigator's 
Global Assessment (vIGA) score at baseline (vIGA of 3 vs. 4). The use 
of rescue medications was prohibited during the course of the study. 
The 28-day treatment period was followed by a 15-day safety fol-
low-up period (blinded); only bland emollients were allowed with no 
rescue therapy during this follow-up period after treatment discon-
tinuation. The Phase 1b trial was not powered to achieve statistical 
significance for any particular endpoint.

The study was conducted in compliance with the ethical prin-
ciples originating in or derived from the Declaration of Helsinki 
and in accordance with the protocol, International Council for 
Harmonization Good Clinical Practice, and applicable local regula-
tions. A signed informed consent form was obtained from all partici-
pants prior to the start of any screening procedures.

2.2  |  Study participants

The SAD and MAD cohorts included healthy subjects aged 
18–55 years (inclusive) at the time of consent (aged 18–54 years 
inclusive for the SAD 5 and 20 mg groups); body mass index (BMI) 
18.0–30.0 kg/m2 and weight ≥ 50 kg at screening. Key inclusion cri-
teria for the AD cohort were: subjects aged 18–65 years (inclusive) 

at the time of consent, with ≥12-month history of AD; BMI ≥18 
and < 40 kg/m2 at screening; AD covering ≥10% of the body surface 
area (BSA); Eczema Area and Severity Index (EASI) score ≥ 12; and 
vIGA score ≥3. Full eligibility criteria for the Phase 1 study are de-
scribed in the Supplementary Methods.

2.3  |  Study objectives and assessments

The primary objective for all three parts of the Phase 1 study was 
to evaluate the safety and tolerability of RPT193. Secondary objec-
tives were to evaluate the PK of RPT193 (SAD, MAD, AD) and the 
food effect on the PK (SAD). Exploratory objectives included as-
sessment of CCR4 surface receptor occupancy (sRO; SAD and MAD 
cohorts); and PD analysis of RPT193, as assessed by whole blood 
immunophenotyping (AD cohort) and measurement of plasma cy-
tokines/chemokines levels (TARC/CCL17, MDC/CCL22; MAD and 
AD cohorts). Exploratory objectives for the AD portion also included 
clinical efficacy of RPT193 assessed by vIGA,34 EASI,35 SCORing 
Atopic Dermatitis (SCORAD),36 BSA, pruritus numeric rating scale 
(NRS),37 and subject-oriented SCORAD36 symptoms (sleep loss and 
pruritus/itch). The effects of RPT193 on the skin were also evaluated 
as exploratory endpoints by collecting skin biopsies for gene expres-
sion analyses. Assessment timepoints and methodology details are 
provided in Supplementary Methods.

2.4  |  Statistical analyses

Details of statistical analysis methods are described in the 
Supplementary Methods.

3  |  RESULTS

3.1  |  RPT193 mechanism of action

The chemical structure of RPT193 is shown in Figure 1A; its dis-
covery and molecular characterization were described previously.32 
In an in vitro chemotaxis assay assessing RPT193 inhibition of 
the migration of Th2 cells differentiated from naïve CD4+ T-cells 
from healthy individuals, RPT193 inhibited CCL22- and CCL17-
induced CCR4-mediated chemotaxis by over 90% in 100% serum 
(Figure 1B,C; Supplementary Methods).

3.2  |  Subject disposition and baseline 
characteristics

In the SAD cohort, all 32 randomized healthy subjects and 8 healthy 
subjects receiving open-label RPT193 5 or 20 mg completed the 
study (Appendix Figure 1). In the MAD cohort, of the 32 rand-
omized subjects, one subject in the RPT193 200 mg QD group did 
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not complete the study (reason: withdrawal by subject; Appendix 
Figure 2). Subject demographics and baseline characteristics were 
similar for all treatment groups (Appendix Table 2).

In the AD cohort, of the 31 randomized subjects, 1 of 21 subjects 
(4.8%) in the RPT193 group (reason: withdrawal by subject) and 1 
of 10 subjects (10.0%) in the placebo group (reason: other) discon-
tinued the study (Appendix Figure 3). Baseline demographics and 
disease characteristics were similar for both groups (Table 1).

3.3  |  Safety and tolerability in healthy subjects and 
subjects with AD

In healthy subjects receiving single (SAD) or multiple doses (MAD) 
of RPT193, all treatment-emergent adverse events (TEAEs) were 
mild or moderate in severity and no severe TEAEs were reported in 
the study at all tested doses (Appendix Tables 3–5). The majority of 
TEAEs were considered not related to the study treatment and were 
resolved at the end of the study. The most common TEAE reported 

in the SAD and MAD cohorts was headache. In the SAD cohort, 6 
of 32 subjects (18.8%) receiving RPT193 reported headache (vs. 2 
of 8 [25.0%] receiving placebo). Six of 24 subjects (25.0%) receiving 
RPT193 in the MAD cohort reported headache (vs. 6 of 8 [75.0%] 
receiving placebo). The proportion of subjects reporting TEAEs was 
similar under fasted and fed conditions (Appendix Table 4). No seri-
ous adverse events (SAEs), or TEAEs leading to study discontinua-
tion were reported in the SAD and MAD cohorts.

In the AD cohort receiving RPT193 400 mg or placebo QD 
for 28 days, 11 subjects (35.5%) experienced at least one TEAE 
(n = 9 [42.9%] in the RPT193 group and n = 2 [20.0%] in the pla-
cebo group; Table 2). All TEAEs were of mild or moderate severity 
and no severe TEAEs were reported. No SAEs or TEAEs leading 
to study discontinuation were reported in the AD cohort after 
Day 1. One subject receiving RPT193 in the AD cohort had the 
study drug withdrawn for a TEAE (generalized rash of moderate 
severity, considered possibly treatment-related). Six subjects 
(19.4%) experienced TEAEs that were considered treatment-re-
lated (n = 5 [23.8%] in the RPT193 400 mg QD group and n = 1 

F I G U R E  1  (A) Chemical structure of RPT193, (1R,3r)-3-((R)-3-(1-(5-chloro-4-(((R)-1-(2,4-dichlorophenyl)ethyl)amino)-6-methylpyrimidin-
2-yl)azetidine-3-yl)piperidin-1-yl)-1-methylcyclobutane-1-carboxylic acid. (B) In vitro assessment of Th2 chemotaxis toward CCR4 ligands. 
Th2 cells differentiated from naive CD4+ T cells were assessed for chemotaxis. Technical replicates (n = 4) are shown for one of two 
representative experiments. (C) In vitro assessment of potency of RPT193 in human Th2 chemotaxis with CCL22 and CCL17. Mean +/− SD 
for four technical replicates are shown for one of two representative experiments for CCL22 and the single CCL17 experiment.
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[10.0%] placebo). The most common treatment-related TEAE was 
nausea. All treatment-related TEAEs were resolved by the end of 
the study.

Overall, no observations of clinically significant changes from 
baseline in the laboratory parameters (including hematology as-
sessments, shown in Appendix Table 6), vital signs, and electro-
cardiogram were noted to suggest a clear relationship to RPT193 
treatment. No AEs related to specific hematologic subsets that 
are covered by Common Terminology Criteria for Adverse Events 
(CTCAE) were reported in the SAD, MAD, and AD cohorts.

3.4  |  RPT193 PK/PD in healthy subjects and 
subjects with AD

Following RPT193 QD administration for 7 days in healthy subjects 
in the fasted state in the MAD cohort, the median time to attain 
maximum observed plasma concentration (tmax) of RPT193 on Day 7 

was between 2.0 and 4.0 h across the multiple dose regimens. Dose-
proportional exposure was observed in plasma with QD oral dosing 
of RPT193 over 7 days (Figure 2A). On Day 7, a dose-proportional 
increase was observed for the geometric mean terminal elimina-
tion half-life (t1/2; from 22.6 to 27.3 h); the mean terminal half-life of 
RPT193 was ~25 hours across all dose levels. Findings in the MAD 
cohorts were consistent with those observed in the SAD cohort. 
Further, no clear evidence for an effect of food was observed in the 
food effect group receiving a single dose of RPT193 200 mg after 
a high-fat breakfast. The median tmax increased from 4.0 h (fasted 
state) to 8.0 h (fed state), whereas the geometric mean t1/2 was not 
affected by food.

The effect of RPT193 on CCR4 sRO was assessed in the SAD and 
MAD cohorts via ex vivo analysis of human whole blood samples 
(Supplementary Methods). This sRO assay displayed good intra-do-
nor as well as inter-assay reproducibility (Appendix Figure 4A). In the 
SAD cohort, 23 out of 24 RPT193-dosed healthy subjects showed 
≥80% sRO at 4 h post-dose (76%–101%; Figure 2B). At 24 h, subjects 
in the RPT193 50 and 100 mg groups dropped to 63%–85% and 
68%–96% sRO, respectively; subjects in the RPT193 200 and 400 mg 
groups remained at 86%–108% and 81%–98% sRO, respectively. In 
the RPT193 5 and 20 mg groups, a dose- and time-dependent CCR4 
target engagement was observed (Appendix Figure 4B,C). Peak sRO 
for both doses was reached at either 4 or 24 h-post-dose, subsequent 
to which there was a notable decline in sRO. While peak sRO for 
the RPT193 5 mg group varied between 30% and 45%, peak sRO for 
the RPT193 20 mg group ranged from 75% to 95%, with two of the 
four subjects achieving the targeted 80% sRO at 24 hours following 
the dose. Data from the MAD cohort corroborated the results in 
the SAD cohort (Figure 2C). Moreover, sRO correlated with RPT193 
plasma concentrations (Figure 2D). These data from the SAD and 
MAD cohorts demonstrated that RPT193 at the dose of 50 mg was 
sufficient to achieve the targeted sRO of 80%.

PD was assessed in healthy and AD subjects by whole blood 
immunophenotyping and plasma cytokines and chemokines 
(Supplementary Methods). In both the SAD and MAD cohorts, 
RPT193-dosed subjects (50, 100, 200, 400 mg) exhibited a statis-
tically significant decrease in CCR4 cell surface expression, as de-
termined by mean fluorescence intensity (MFI), relative to placebo 
subjects (p < .0001). While subjects receiving placebo showed stable 
levels of CCR4 cell surface expression, a ≥ 30% decrease in CCR4 
surface levels was observed in ~61% of RPT193-dosed subjects at 
24 h-post-dose in the SAD cohort, and in ~42% and ~ 37% of the 
RPT193-dosed subjects at 24 h (Day 8) and 72 h (Day 10), respec-
tively, after the final RPT193 dose in the MAD cohort. Similar sig-
nificant decreases in cell surface CCR4 expression were observed 
in the SAD 20 mg cohort at Day 4 (p = .0047 vs. pre-dose), but not 
in the 5 mg cohort (p = .1754), potentially suggesting a RPT193 
dose-dependent decrease in surface CCR4. In subjects with AD, a 
statistically significant decrease in cell surface CCR4 MFI was also 
observed following RPT193 400 mg QD treatment for 28 days, in-
cluding an average of 40%–50% decrease in cell surface expression 
on Th1, Th2, and Th17 subtypes of CD4+ T cells (Appendix Figure 5). 

TA B L E  1  Baseline characteristics for the AD subject cohort 
(safety analysis set). Subjects in the AD cohort were males or 
females, aged 18–65 years, with a BMI ≥18 and < 40 kg/m2, 
diagnosed with active AD according to the revised Hanifin and 
Rajka criteria.

RPT193 400 mg 
QD (n = 21) Placebo (n = 10)

Age (years), mean (range) 41.1 (19–63) 35.8 (22–64)

Female, n (%) 12 (57.1%) 4 (40.0%)

Ethnicity, n (%)

Hispanic/Latino 3 (14.3%) 3 (30.0%)

Race, n (%)

White 12 (57.1%) 5 (50.0%)

Asian 2 (9.5%) 0

Black or African 
American

7 (33.3%) 5 (50.0%)

BMI (kg/m2), mean (range) 28.4 (20.8–39.4) 26.8 (20.3–35.6)

Baseline AD characteristicsa

EASI, mean (range) 18.49 
(12.0–30.0)

21.07 
(13.6–45.5)

BSA, mean (range) 23.29 
(11.0–55.0)

24.50 
(10.0–61.0)

vIGA 3, n (%) 18 (85.7%) 8 (80.0%)

Total SCORAD, mean 
(range)

56.98 
(36.6–82.4)

56.62 
(41.0–81.4)

SCORAD subj, mean 
(range)

11.99 (5.0–18.0) 10.77 (2.0–16.3)

Peak NRS, mean (range) 6.9 (3–10) 7.3 (3–10)

Peak NRS ≥4, n (%) 20 (95.2%) 9 (90.0%)

Abbreviations: AD, atopic dermatitis; BMI, body mass index; BSA, body 
surface area; EASI, Eczema Area and Severity Index; NRS, numeric 
rating scale; SCORAD, SCORing Atopic Dermatitis; vIGA, validated 
Investigator's Global Assessment.
amITT analysis set.
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Results suggest that RPT193 has a two-fold mechanism of action to 
reduce CCR4-mediated functions in that treatment results in both 
prevention of ligand binding but also in decreased CCR4 surface 
expression.

A statistically significant increase in circulating levels of MDC/
CCL22 was observed at all RPT193 doses tested in the MAD co-
hort; this increase was not dose dependent, and the observed 
increase in MDC/CCL22 was sustained throughout the dosing pe-
riod (Appendix Figure 6A). A similar trend towards an increase in 
circulating MDC/CCL22 was observed in subjects with AD, though 
this increase did not reach statistical significance versus placebo 
(Appendix Figure 6B). There were no statistically significant changes 
in levels of circulating TARC/CCL17 following RPT193 treatment 
versus placebo both in healthy subjects in the MAD cohort and in 
the AD cohort (Appendix Figure 6). In the AD cohort, circulating 
levels of immunoglobulin E remained unchanged during the 28-day 
treatment period and the 15-day safety follow-up visit, and were not 
statistically different versus placebo (p > .25).

3.5  |  Efficacy in subjects with 
moderate-to-severe AD

Numerically greater improvements in EASI, BSA, vIGA, and SCORAD 
were observed with RPT193 400 mg QD treatment as compared to 

placebo at all visits during the 28-day treatment period (Figure 3 and 
Appendix Table 7). At Day 29, the percent improvement from base-
line in mean EASI score in subjects treated with RPT193 was 36.3% 
(vs. 17.0% in the placebo group). The proportion of subjects achiev-
ing EASI-50 at Day 29 was 42.9% in the RPT193 group and 10.0% in 
the placebo group. The proportion of subjects in the RPT193 group 
achieving ≥1-grade reduction from baseline in vIGA score and ≥2-
grade reduction from baseline in vIGA score to clear (0) or almost 
clear (1) were 33.3% (vs 20.0% placebo) and 4.8% (vs. 0% placebo), 
respectively, at Day 29. Results from BSA, SCORAD total score, sub-
ject-oriented SCORAD36 symptoms (sleep loss and pruritus/itch), 
and proportion of subjects with 3-point and 4-point decrease in pru-
ritus NRS also showed numerically greater improvements over time 
up to Day 29 in the RPT193 group compared to placebo (Figure 3 
and Appendix Table 7).

At 2 weeks after the end of treatment (Day 43), subjects treated 
with RPT193 400 mg QD showed further improvement in several 
efficacy endpoints (Figure 3 and Appendix Table 7). Although the 
study was not designed/powered to detect statistical significance 
for any given endpoint, a statistically significant difference (p < .05 
vs. placebo) was observed in a post-hoc analysis in subjects treated 
with RPT193 400 mg QD in the following efficacy endpoints at 
Day 43: change from baseline in mean EASI, proportion of subjects 
achieving EASI-50, BSA, and SCORAD total scores and subject-ori-
ented symptoms scores.

N (%) [E]
RPT193 400 mg QD 
(n = 21)

Placebo 
(n = 10)

Subjects with at least one AE 10 (47.6) [17] 2 (20.0) [4]

Subjects with at least one TEAE 9 (42.9) [16] 2 (20.0) [4]

Mild 4 (19.0) [7] 1 (10.0) [1]

Moderate 6 (28.6) [9] 1 (10.0) [3]

Severe 0 0

Subjects with at least one serious AE 0 0

Subjects with at least one serious TEAE 0 0

Subjects with at least one TEAE leading to study 
drug discontinuation

1 (4.8) [1] 0

Subjects with at least one TEAE leading to study 
discontinuation

0 0

Subjects with at least one AE leading to death 0 0

Treatment-related TEAEs by PT (≥2 subjects in RPT193 group)

Nausea 3 (14.3) 0

Note: Treatment-emergent adverse events were defined as any condition that was not present 
prior to treatment with the study product but appeared following treatment, was present at 
treatment initiation but worsened during treatment, or was present at treatment initiation but 
resolved and then reappeared while the individual was on treatment (regardless of the intensity of 
the AE when the treatment was initiated). Treatment-related TEAEs were defined as any TEAE that 
was assessed by the investigator as definitely, probably, or potentially related to study treatment. 
Not treatment-related TEAEs were defined as any TEAE that was assessed by the investigator as 
unlikely to be related or not related. Subjects experiencing multiple AEs within the same preferred 
term were counted only once within that preferred term under the greatest reported relationship.
Abbreviations: AE, adverse event; E, number of events; PT, preferred term; TEAE, treatment-
emergent adverse event.

TA B L E  2  Adverse events profile in the 
AD cohort (safety analysis set).
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3.6  |  Effect of RPT193 on skin biomarkers

Subjects who received RPT193 showed a statistically significant im-
provement (p < .001) versus the placebo group in the expression of 
the meta-analysis derived AD (MADAD) transcriptome38 (Figure 4A), 
a well-established, robust AD gene signature, with modules that 
track with AD disease severity. With RPT193 treatment, there was a 
52% mean improvement in the MADAD transcriptome towards non-
lesional skin at Day 29 (p < .001 vs. placebo; Figure 4A), whereas 
placebo-treated subjects showed a 4.8% worsening of lesional skin 
at Day 29, bringing it even further away from non-lesional skin. The 
overall expression of up and down dysregulated genes in baseline 
lesional AD skin approached that of non-lesional levels in RPT193-
treated subjects at Day 29 (as shown by the shift toward the solid 
line marking non-lesional skin in Figure 4A), while minimal changes 
were observed in subjects receiving placebo. Additionally, Gene 
Set Variation Analysis (GSVA) showed significant improvements 

following RPT193 treatment (but not placebo) in MADAD (Figure 4B) 
and validated gene signatures associated with key immune pathways 
relevant in AD,20,39,40 such as Th2, Th17/Th22, and Th1 (Figure 4B), 
at Day 29.

The expression of a panel of immune and barrier related genes, 
including key genes for AD, was also quantified using quantitative 
real-time PCR (qRT-PCR) (Appendix Figure 7). At Day 29, RPT193-
treated subjects demonstrated a significant downregulation of the 
expression of CCR4 in the lesional skin, while no changes were 
seen in the placebo group. Many Th17/22-related markers (IL-
19, CCL20, CXCL1 PI3/Elafin, DEFB4), were significantly down-
regulated in the RPT193-treated subjects, but not in the placebo 
group; many of them are known to contribute to skin hyperplasia 
(such as keratin 16, KRT16) and skin lichenification (such as IL-
36G, S1008/9/12). Other markers that were significantly down-
regulated in the RPT193 group are related to innate immunity 
(IL-8), general inflammation (MMP12), T cell/NK cell activation and 

F I G U R E  2  PK/PD data from healthy subjects in the SAD and MAD cohorts. (A) PK of RPT193 in the MAD cohort. Dose-proportional 
exposure was observed in the plasma with once-daily oral dosing of RPT193 over 7 days in healthy subjects in the MAD cohort; the mean 
terminal half-life of RPT193 was ~25 h across all dose levels; (B) Surface RO (sRO) in healthy volunteers in the SAD cohort. Dotted line 
represents 80% sRO, the target sRO for this assay. Black circle data points represent placebos; (C) sRO in healthy volunteers in the MAD 
cohort at Day 8 (24-h after the final RPT193 dose). CCR4 inhibition was achieved with repeated daily RPT193 dosing (50, 100, 200, or 
400 mg) across all dose levels at Day 8. All subjects in the MAD cohort* showed ≥80% sRO (83%–103%); (D) sRO correlates with RPT193 
plasma concentration (data from the SAD and MAD cohorts). The preclinical curve (red line) was previously determined by pre-incubating 
whole blood from subjects with AD with various concentrations of RPT193. *six dosed/two placebo subjects per dose group; analysis for 
some subjects did not pass QC, resulting in fewer than expected points per dose group.
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migration (CCL19, CCR7), Th1 (CCL2), Th9 (IL-9), and regulatory 
(CTLA-4) markers.

Changes in inflammatory AD-related biomarkers showed signifi-
cant correlations with disease improvement as measured by changes 
in EASI and SCORAD at Day 29 (Spearman correlations, p < .1, 
R > 0.37 or R < −0.37, Appendix Table 8). Among them, several Th22 
markers involved in skin hyperplasia, such as S100A7/9, correlated 
with changes in EASI, while T cell activation-markers (CD8A, LCK, 
CD3D) demonstrated correlations with SCORAD. Th1- (CXCR3, 
CCR2, CXCL10), Th2- (OX40 receptor) dendritic cell-related mark-
ers (CCR7) also demonstrated moderate to strong correlations with 
clinical improvement (EASI and/or SCORAD), while attenuation of 
SCORAD or EASI was associated with increases in barrier markers 
(e.g. CERS5, CLDN1/8, GJB3, CDH20).

4  |  DISCUSSION

This is the first clinical study with an oral, small molecule CCR4 
antagonist to show clinical improvement in an inflammatory skin 

disease. In subjects with moderate-to-severe AD, numerically 
greater improvements in EASI, BSA, vIGA, and SCORAD were ob-
served versus placebo, which suggests the efficacy and clinical po-
tential of blocking CCR4 with RPT193. Although the study was not 
designed/powered to detect statistical significance for any given 
endpoint, statistically significant improvement, compared to Day 29 
and placebo, was observed 2 weeks after the end of treatment (Day 
43) on multiple clinical efficacy endpoints (p < .05). CCR4 inhibition 
with once-daily, oral RPT193 treatment was generally well toler-
ated in healthy subjects and subjects with moderate-to-severe AD, 
with no SAEs reported and all TEAEs reported as mild/moderate. 
Moreover, skin biomarker data of Day 29 showed improvement in 
the expression of the MADAD transcriptome and a change towards 
a non-lesional phenotype of the AD skin in the RPT193-treated 
subjects but not in the placebo-treated subjects. RPT193 treat-
ment decreased the mRNA expression of CCR4 in the AD lesions 
of RPT193-treated subjects and downregulated key pathogenic 
pathways and molecules involved in AD. Downregulated transcripts 
included Th2, Th1, Th17, and Th22-related products. These changes 
are consistent with inhibitory effects on the Th2 pathway, as other 

F I G U R E  3  Improvements in key 
exploratory efficacy endpoints in subjects 
with AD (mITT analysis set) following 
treatment with RPT193 400 mg QD versus 
placebo at end of treatment (Day 29) 
and 2 weeks after the end of treatment 
(Day 43). Graphs show mean values, and 
error bars represent standard error of the 
mean. *p < .05 (post-hoc analysis). BSA, 
body surface area; EASI, Eczema Area and 
Severity Index; EOT, end of treatment; 
SCORAD, SCORing Atopic Dermatitis.
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Th2-targeting agents such as dupilumab also reduce Th17 and Th22 
gene signatures.20

The continued clinical benefits of RPT193 observed after dos-
ing cessation are intriguing and could be related to its mechanism 
of action. This could be due to the decrease in CCR4 cell surface 
expression observed with RPT193 treatment, as well as RPT193's 
upstream mechanism of action of reducing Th2 cell accumulation in 
the skin which could decrease the production of pro-inflammatory 
cytokines and subsequently induce clinical improvement. This could 
also relate to its effects on memory T-cell formation, and regulatory 
markers.41 The exact mechanisms of this improvement off-drug have 

not yet been investigated. However, similar extended clinical bene-
fit after cessation of dosing has also been observed with T-cell tar-
geting approaches. Rocatinlimab, which depletes OX40-expressing 
cells, has been studied in patients with moderate-to-severe AD 
following both short- and long-term treatment with evidence of ex-
tended benefit beyond the treatment period as well as the half-life 
of rocatinlimab.42,43 Future clinical studies with RPT193 could ex-
plore the mechanism of action with a series of skin tissue sampling 
to further assess changes in gene expression and inflammatory cell 
accumulation in the skin during treatment and during a longer follow 
up period, after cessation of the drug.

F I G U R E  4  (A) RPT193 treatment led to an improvement in the MADAD transcriptome expression and to a shift towards a non-lesional 
transcriptional profile at Day 29. (B) RPT193 treatment resulted in improvements in MADAD and gene signatures associated with pathways 
relevant in AD, such as Th1, Th2, and Th17/Th22. ****(p = 2.5e-13), ***(p < .001), **(p < .01), *(p < .05). Red symbol denotes significance 
versus placebo; black symbol denotes significance relative to baseline (Day 1) of the same treatment group. The heatmap in Panel A depicts 
averaged expression. LS, lesional; NS, non-lesional.
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RPT193 treatment modulated the mRNA expression of key 
pathogenic pathways and molecules involved in AD in the AD skin 
lesions of RPT193-treated subjects, including a reduction in Treg 
markers CTLA4 and FOXP3 and an increase in Th2 cytokine IL-13 
(but not IL-4). As RPT193 inhibits CCR4-mediated chemotaxis of 
Tregs as observed in vitro (data not shown), a reduction in Treg mark-
ers would not be surprising. Tregs in patients with AD (and asthma) 
have been suggested to become “non-functional” as immune sup-
pressors and even produce inflammatory cytokines.44 Decreases 
in skin Treg markers have been observed with dupilumab and the 
ANS002 Jak inhibitor, with both drugs demonstrating efficacy in 
patients with AD.20,45 Moreover, as CCR4 promotes the migration 
of activated Th2 cells to the skin, decreases in both IL-4 and IL-13 
expression would be expected with CCR4 inhibition. While the de-
tailed mechanism for the observed significant increase in IL-13, but 
not IL-4, remains to be studied, it may reflect a transient, paradoxical 
increase in primary Th2 cytokines that would decrease with addi-
tional treatment, similar to findings in the 4-week46 and 16-week20 
mechanistic studies with the IL-4R alpha inhibitor dupilumab. In the 
4-week study, both IL-4 and IL-13 were observed to increase, though 
not significantly, with dupilumab 150 mg after 4 weeks.46 In the fol-
low-up study with a 16-week observation period, IL-4 increased, 
though not significantly, relative to baseline while IL-13 was signifi-
cantly downregulated by Week 16,20 also showing a dissociation in 
treatment effect with these cytokines. The small sample size of the 
study may also have contributed.

The statistically significant decrease in CCR4 cell surface ex-
pression observed with RPT193 treatment in healthy subjects, along 
with the statistically significant increase in circulating MDC/CCL22 
in the plasma (and no significant changes in circulating TARC/CCL17) 
provides additional insights into the mechanism of action of RPT193. 
Previous work has demonstrated that antagonists targeting chemo-
kine receptors may result in increases in the circulating levels of the 
ligands for those receptors.47–50 Circulating levels of TARC/CCL17 
and MDC/CCL22 have been associated with severity of disease, 
response to treatment, or both.51 In healthy subjects, a strong cor-
relation was established between the concentration of RPT193 and 
the inhibition of CCL22 binding on human Th2 cells as assessed via 
the CCR4 sRO assay. The mechanism of action of RPT193, which 
includes blockade of CCL17 and CCL22 binding to CCR4 and reduc-
tions of surface CCR4, may obscure any disease-related reductions 
by inhibiting receptor-mediated clearance of these ligands. In addi-
tion, the observed difference between CCL17 and CCL22 could be 
due to alternative normal clearance rates and alternative clearance 
pathways for the two ligands.

The PK/PD and CCR4 sRO profiles differentiate RPT193 from 
previous CCR4 antagonists such as GSK223963352 and AZD2098,53 
which did not proceed in clinical development due to low exposure 
and target engagement. In vitro assessments showed that RPT193 
inhibited CCL22- and CCL17-induced CCR4-mediated Th2 che-
motaxis by over 90% in full serum (IC50 ~ 370 nM), accounting for 
the protein binding of the compound and affirming the potency 
of RPT193 against Th2 chemotaxis compared with previous CCR4 

antagonists (GSK2239633 and AZD2098: IC50 ~ 3 μM; data not 
shown). In healthy subjects in the Phase 1 study, dose-proportional 
exposure was observed in the plasma with once-daily oral dosing 
of RPT193, with the mean terminal half-life of ~25 h across all dose 
levels. Furthermore, data from the SAD and MAD cohorts demon-
strated that RPT193 at the dose of 50 mg was sufficient to achieve 
the targeted CCR4 sRO of 80%, which corresponds to the drug level 
required to obtain 90% inhibition in the in vitro chemotaxis assay. 
This high level of Th2 chemotaxis inhibition is thought to be required 
for near maximal efficacy targeting the CCR4 pathway. The contin-
ued clinical benefits of RPT193 observed after dosing cessation in 
the AD cohort, which utilized a RPT193 dose of 400 mg, could be 
due to a prolonged efficacy signal resulting from CCR4 sRO that is 
well above the 80% target sRO and/or due to an extended biological 
effect from the disruption of Th2 trafficking.

Peripheral blood eosinophil counts and total immunoglobulin E 
levels have been shown to correlate with AD disease severity.54 No 
differences in eosinophil counts and total immunoglobulin E lev-
els were observed between placebo and RPT193-dosed subjects, 
and there were no RPT193-dependent changes during the 28-day 
treatment period and the 15-day safety follow-up visit. While in-
creased eosinophils correlate with AD disease severity, data from 
dupilumab trials suggest that a decrease in eosinophils is not 
needed to decrease disease severity.46 Nonetheless, the relation-
ship between RPT193-mediated efficacy and levels of eosinophil 
and immunoglobulin E will be further explored in the follow-up in-
vestigation with larger sample sizes, longer observation periods of 
at least 16 weeks, and/or with proteomic validation in the ongoing 
Phase 2 studies in subjects with AD (NCT05399368) and asthma 
(NCT05935332).

This study has several limitations including its small sample size 
and short, 28-day, treatment duration. In addition, the 2-week fol-
low-up time of the current study was too short to assess the long-
term benefits of RPT193 after treatment cessation, and to fully 
evaluate the potential of maintenance and deepening of response 
without treatment that can potentially raise the idea of disease mod-
ification as with the OX40-targeting antibody.43 Additionally, long-
term safety of RPT193 remains to be studied, and longer treatment 
is probably required to achieve maximal efficacy. In the biomarker 
analyses, normal skin sample controls from healthy subjects were 
not included, which would allow for more in-depth insights into the 
effects of RPT193 on a pathomechanistic level.

CCR4 antagonism with RPT193 has the potential to provide a 
unique mechanism of action and therapeutic option compared to 
other current and potential AD therapies. By limiting the ability of 
Th2 cells to access inflamed skin and decrease local production of 
Type 2 cytokines, RPT193 has the potential to improve both the 
symptoms and signs of AD similar to injectable biologics targeting 
the IL-4R alpha and/or IL-13. Compared to systemic JAK inhibitors, 
RPT193 has the potential to more specifically target allergic inflam-
matory pathways, thereby diminishing risks of immunosuppression 
and other serious side effects. Finally, similar to T-cell targeting 
therapies focused on OX40 or OX40L, a 28-day course of RPT193 
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has shown evidence of extended clinical benefit after completion 
of the treatment period. A dose-ranging Phase 2 trial (RPT193-
02; NCT05399368) is currently underway to further investigate 
RPT193's efficacy and safety in subjects with AD.

In addition to AD, Th2 cells are involved in the pathogenesis of 
many other inflammatory and allergic disorders including asthma, 
urticaria, allergic rhinosinusitis, eosinophilic esophagitis, systemic 
lupus erythematosus, and systemic sclerosis. The effects of block-
ing CCR4 in other atopic diseases, that are driven by Th2 T-cells de-
serve to be studied, as targeting CCR4 may be valuable to the entire 
atopic spectrum and beyond. A Phase 2 trial in asthma is currently 
underway (NCT05935332). The Phase 2 studies with RPT193 in AD 
and asthma will help in furthering our understanding of RPT193 as 
a therapeutic option in a broad swath of diseases associated with 
dysregulated allergic inflammation.

In conclusion, these data showed that the oral CCR4 antagonist 
RPT193 was well tolerated and induced clinical improvement and 
renormalization of the skin transcriptome in subjects with moderate 
to severe AD. CCR4 antagonists merit further investigation in AD 
and other diseases where the Th2 axis plays a key role.
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