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ABSTRACT

Minimally invasive sampling of the skin using tape strips for conducting biomarker research is a growing research area in medi-
cal dermatology. The goal of this study was to utilise tape strip sampling to investigate changes in protein skin levels of psoriasis
patients after oral treatment with orismilast (a PDE4B/D inhibitor). The proteins were measured in extracts of tape-strip samples
taken from the skin of patients with moderate-severe psoriasis participating in a 16-week Ph2b study (IASOS). The proteins
were measured using the Olink technology or an ELISA assay. Our results show that protein levels of multiple proteins (32/71)
were upregulated at baseline in the lesional skin compared to non-lesional skin, including three key biomarkers of the psoriasis
disease pathology (IL-17A, CCL20 and TNFa). The protein levels of these three biomarkers were significantly reduced at Week
16, reaching a percent reduction of 52% and 51% for IL-17A, 66% and 60% for TNFo, and 41% and 54% for CCL20 for the two doses
analysed (20 and 30 mg bid, respectively). In addition, we observed that the clinical response of a 75% reduction in PASI (PASI75)
was associated with a 98% reduction in IL-17A protein levels in lesional skin, irrespective of the orismilast dose. In summary,
a significant reduction of key proteins related to the T;;17 axis and Ty;1 axis was observed in the skin of psoriasis patients after
treatment with oral orismilast, supporting the observed clinical effect. Finally, this constitutes the first report where protein
levels from the skin of psoriasis patients are quantified using tape strips as a minimally invasive skin sampling technology in
combination with the Olink technology.

Trial Registration: ClinicalTrials.gov identifier: NCT05190419

1 | Introduction million people globally [1]. The clinical manifestation of psori-

asis is characterised by well-defined, red, elevated skin plaques
Plaque psoriasis (psoriasis) is a chronic autoimmune disease that covered with silvery scales. Although psoriasis is visible on the
affects approximately 90% of psoriasis patients and nearly 125 skin, it is driven by systemic inflammation and is associated
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with other inflammatory conditions and comorbidities, includ-
ing cardiovascular diseases, psoriatic arthritis, inflammatory
bowel disease, depression and obesity [2]. In addition, accumu-
lating evidence suggests an increased mortality rate among pa-
tients diagnosed with psoriasis [3].

There is no cure for psoriasis, and multiple factors are import-
ant to consider when prescribing a drug for treating psoria-
sis, including disease severity, comorbidities, safety and cost.
Topical therapy is not well-suited for patients with moder-
ate—severe psoriasis, as large body surface areas are affected.
The discovery of the interleukin (IL)-23/T17 pathway as a
central disease-driving pathway has facilitated the develop-
ment of highly efficacious injectable antibodies targeting cy-
tokines and cytokine receptors of the IL-23/T};17 immune axis
(e.g., anti-IL-17A, anti-IL17R- and anti-IL23 antibodies), but
primary and secondary treatment failures or inadequate re-
sponses to initial treatment and fear of needles can be a chal-
lenge [4, 5]. Oral therapy is still preferred by many patients
and prescribers, but the orally available immunosuppressive
drugs (e.g., methotrexate, ciclosporin, JAK1—and TYK2 in-
hibitors) involve safety monitoring [6]. The phosphodiester-
ase 4 (PDE4) inhibitor apremilast represents a safe, oral drug;
however, the level of efficacy in psoriasis is limited [7, 8]. A
high unmet medical need for safe and more effective orally
available drugs still exists [9]. Orismilast is a potent PDE4 in-
hibitor with high selectivity for the PDE4B and PDE4D sub-
types and demonstrated significant efficacy versus placebo at
Week 16 in patients with moderate-to-severe psoriasis, both
for percentage change in PASI and proportions of patients
achieving PASI75 and PASI90 [10-12]. Based on these data,
orismilast has the potential to be a safe oral drug that provides
greater efficacy than less potent pan-PDE4 inhibitors such as
apremilast.

In this article, we report skin biomarker data based on tape
strip samples from patients with psoriasis who were participat-
ing in the Phase 2b TASOS trial [12]. The main objective of the
biomarker study was to investigate the effect of orismilast on a
broad spectrum of inflammatory markers in psoriatic skin le-
sions and constitutes the first report where protein levels from
the skin of psoriasis patients are quantified using tape strips as
a minimally invasive skin sampling technology in combination
with the Olink technology.

2 | Methods
2.1 | Clinical Trial Outline

Skin tape strip samples were taken from lesional and non-
lesional skin at baseline and lesional skin at Week 16 of patients
participating in a multicenter, randomised, double-blinded,
placebo-controlled, phase 2b, dose-ranging study assessing oral
orismilast in adults with moderate-to-severe plaque psoriasis
(IASOS study) [12]. This study was conducted in accordance
with the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use, Declaration
of Helsinki and with the approval of National Independent
Ethics Committees.

2.2 | Sampling and Methods

Approximately 20 consecutive stratum corneum samples were
collected from the same skin site by tape stripping (D-squames;
Monaderm DS100) of both lesional and non-lesional skin at
baseline and lesional skin at Week 16. To extract the proteins
from the tapes, the first 10 tapes were pooled together and
used for subsequent protein extraction by incubation in 800 uL
of PBS containing 0.2% Triton X-100 together with a mixture
of protease inhibitors and incubated overnight at 4°C under
stirring at 1400rpm in a thermo mixer (Eppendorf). The insol-
uble material was removed by filtration on 0.22um filters by
centrifugation. The protein extracts were analysed using the
Olink technology (Target 96 Inflammation panel) and an IL-
23 ELISA assay (V-Plex MSD). Protein extracts from patients
treated with placebo, 20mg orismilast bid, and 30mg orismi-
last bid were analysed. Samples from the 40 mg bid arm were
excluded from the OLINK and ELISA analyses due to tolera-
bility issues and the relatively high drop-out rate observed in
this arm hindering 40 mg bid dosing from being used in future
clinical development in psoriasis [12]. The sample flow of tape
strip samples for the OLINK analysis is displayed in Figure 1
and for IL-23 in Figure S1.

The biomarker population is a representative subset of the ITT
population of the IASOS trial as the population size and the
PASI score at baseline are comparable to the ITT population,
across treatment arms (Table S1) [12].

2.3 | Statistical Analysis

Proteomic profile was estimated under R limma package frame-
work using mixed-effect linear models to estimate and compare
the least squares means of the different groups and to calcu-
late comparison's fold changes as well. Treatment (Placebo,
Orismilast 20mg, Orismilast 30mg), tissue (nonlesional/
lesional skin), time point (baseline/Week 16) and clinical re-
sponse (PASI75 responder, non-responder) were considered
fixed factors while random effect related to each subject was
included. We employed mixed-effects models to account for
non-independence in the data due to repeated measures (e.g.,
timepoints and tissue types) and hierarchical structures (e.g.,
responders vs. non-responders within treatment groups). These
models incorporate both fixed and random effects, enhancing
robustness and accommodating missing data. Additionally, they
allow for the estimation of individual- or group-level variation,
providing insights beyond overall averages.

Tape strip protein levels were log,-transformed and a mixed-effect
linear model was fitted to the data. A Student t-test was performed
for statistical comparisons and p-values were corrected for multiple
comparisons (false discovery rate [FDR]) using the Benjamini &
Hochberg (1995) method. Proteins with an adjusted p-value (FDR)
of <0.05 and a fold change absolute value >1.2 were defined as
differentially expressed, as used in a similar study by Navrazhina
et al. [13] The disease proteome was defined at baseline (lesional
vs. non-lesional) as well as treatment effect (lesional post treat-
ment vs. baseline). Proteins with over 90% of measurements below
the limit of detection were excluded from the analysis (see Table S2
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FIGURE1 | Sample flow of tape strips for OLINK analysis. The tape-strip sampling was part of the Phase 2b trial (IASOS). Week 16 samples were

only analysed for treatment completers. The numbers in the top part of the figure represent the number of patients that were eligible for sample col-

lection, whereas the numbers in the bottom part reflect the numbers of samples that were missing (due to QC failure or missed sampling) and finally

the numbers of samples used in analysis. BL, Baseline; QC, Quality control; W16, Week 16.

for list of proteins). IL23 data were log,-transformed for statistical
analysis and analysed identically to the OLINK data.

Proteins in the 20 and 30 mg bid orismilast groups as well as the
placebo group were additionally analysed in a stratified manner
by PASI75 response (clinical response of a 75% reduction in PASI
at Week 16) using t-test statistical testing. Selected markers were
similarly analysed in PASI90 responders versus non-responders
following orismilast treatment using t-test statistical testing
with a p-value of <0.05 considered statistically significant.

Outcomes (estimates and standard error of mean) of conducted
statistical tests are reported in Tables S3 and S4.

3 | Results

The reported skin biomarker data are from psoriasis patients
enrolled in a Ph2b dose-ranging study (IASOS). In this study,
orismilast showed significant improvements in the primary end
point, percentage change in Psoriasis Area and Severity Index
(PASI), from baseline to Week 16 (orismilast —52.6% (20mg
bid) to —61.2% (30mg bid) and placebo, —17.3%; all p <0.001).
Furthermore, a greater proportion of patients receiving oris-
milast achieved PASI75 (39.5% and 49.0%; p <0.05) and PASI90
(24.1% and 22.0%; p<0.05 for 20mg) versus placebo (PASI75,
16.5% and PASI90, 8.3%) at Week 16 [12].

Tape strip samples of lesional and non-lesional skin were pro-
cessed and analysed with the OLINK proteomic assay before
and after treatment with oral orismilast, measuring 70 proteins
in the OLINK Inflammation panel and quantifying IL-23 lev-
els with MSD. Changes in biomarker levels were assessed using
the criteria of a fold change >1.2] and FDR <0.05. Orismilast
therapy induced an overall change of 29% (16/56 biomarkers)

and 46% (26/56 biomarkers) in lesional proteins at Week 16 for
20 and 30mg bid, respectively. In the placebo arm, we found
that only 4% (2/56 biomarkers) were differentially expressed at
Week 16 (Figure S2). In addition, we identified 32 up-regulated
lesional proteins at baseline, of which 28% (9/32, 20 mg bid) and
47% (15/32, 30mg bid) were significantly reduced following
treatment with orismilast.

Proteins related to the Tl and T17 immune axis were sig-
nificantly upregulated in lesional skin versus non-lesional skin
at baseline, whereas key cytokines related to T2 cells (e.g.,
IL-4 and IL-13) could not be detected in this patient popula-
tion (Figure 2A). At Week 16, an immunomodulatory effect of
orismilast across several immune axes was observed as demon-
strated by a significant reduction in lesional protein levels re-
lated to T(;17 (e.g., IL-23, IL-17A, CCL20 and IL-12B), T,;1 (e.g.,
TNFa, IFNy, CXCL9 and CXCL10) and epithelial inflammation
(e.g., IL-17C) (Table 1). In contrast, most of the proteins were
not significantly modulated in samples from placebo patients.
Furthermore, key markers of the psoriasis disease pathology
were significantly reduced in the two active arms (20 mg/30 mg)
reaching a percent improvement of 52% versus 51% (IL-17A), 41%
versus 54% (CCL20) and 66% versus 60% (TNFa) at Week 16,
as seen in Figure 2B. The improvement in these markers was
substantially higher in the two active arms compared to placebo;
however, the difference did not reach statistical significance.

In a subgroup analysis, we stratified patients in each treatment
arm by PASI75 response and found 15 (20mg bid) and 17 (30mg
bid) differentially expressed proteins (DEPs) that were downregu-
lated at Week 16 in patients treated with orismilast. In contrast, no
DEPs were identified in patients who were PASI75 non-responders
after treatment with orismilast or achieved PASI75 response in
the placebo arm (Table S6). IL-17A has been identified as one of
the key disease drivers of psoriasis [14]. In our study, we found a
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FIGURE 2 | Effect on skin proteins in psoriasis patients following 16 weeks of treatment with placebo or orismilast. (A) Heatmap displays fold
changes of skin proteins following placebo, 20 and 30 mg bid, and comparing lesional (LS) and non-lesional skin (NL) at baseline and lesional skin at
Week 16 (W16) versus lesional skin (LS) at baseline. Bolded proteins relate to T;;17 cells and T;1 cells. Raw data can be found in Table S3. (B) Least
square means of key disease markers at baseline and following 16 weeks of treatment. Red asterisks denote statistical comparison of baseline LS ver-
sus baseline NL levels and black asterisks denote statistical comparison of lesional skin levels at Week 16 versus baseline LS. Statistical comparisons
were conducted comparing change in protein levels of Week 16 LS versus baseline LS between these groups. The respective fold changes can be found
in panel A (for CCL20, IL-17A, TNFa). Percent improvement was calculated per group and protein: Abs (Week 16 lesional —baseline lesional)/abs

(baseline lesional — baseline non lesional). ***p <0.001, **p <0.01, *p <0.05. bid, twice-daily; BL, Baseline.

significant reduction of lesional IL-17A in the PASI75 responders
of the orismilast treatment groups, but not in the PASI75 non-
responders (Figure 3A). The degree of IL-17A reduction was simi-
lar in responders irrespective of the orismilast dose, with lesional
levels at Week 16 being comparable to non-lesional levels and
showing a 98% improvement. Furthermore, additional proteins
related to the T;;1 and T;;17 immune axis followed a similar trend
(Figure S3). Given the similar effect level of the two orismilast
doses, we combined data of the 20 and 30mg arms to enrich the
dataset for an additional subgroup analysis. Stratifying patients by
PASI90 response, we found that IL-23, CCL20, IL-18 and VEGF-A
were significantly reduced (p <0.05) in PASI90 responders versus
non-responders. IL-17A, TNFa and IL-17C were also reduced but
less strongly (Figure 3B).

4 | Discussion

A primary objective of the biomarker part of the clinical Ph2b
study was to compare differentially expressed inflammatory

proteins in the skin of psoriasis patients at baseline to treatment
with oral orismilast for 16 weeks using clinically relevant doses
(20 and 30 mg bid).

We found a significant reduction in lesional levels of the key
psoriasis disease drivers, IL-23 and IL-17A, at Week 16 follow-
ing 20 and 30mg orismilast, which supports the clinical effect
observed in the Phase 2b study [12]. Furthermore, PASI75 re-
sponders of the orismilast treated groups showed a markedly
different reduction in IL-17A protein levels compared to placebo.
In fact, a clinical response of a 75% reduction in PASI was asso-
ciated with a 98% improvement in IL-17A levels, irrespective of
the orismilast dose. The limited additional benefit of 30 mg bid
compared to 20mg bid is in alignment with the observed clinical
data, where the two doses differ in absolute PASI and PASI75
response only numerically [12].

IL-17A levels showed substantially greater improvement in
PASI75 responders compared to non-responders; however, even
among non-responders, reductions of up to 60% in IL-17A were
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TABLE 1 | Effect on significantly up-regulated proteins at baseline
after 16 weeks treatment with orismilast.

20mgbid  30mgbid

Week 16 lesional versus

Pathway Protein baseline lesional
Innate Immunity 1L-18 —-1.46 —2.06%**
Epithelial IL-17C —1.93** —2.37%x*
inflammation
MMP MMP1 -1.59 —1.75%
Ty1-related TNFa —1.32*% —1.29*
CCL3 —1.84%** —2.07%%*
CCL4 —1.54%* —1.44*
CXCL6 —1.53* —1.79%**
CXCL9 —1.51* —1.99%**
CXCL10 —1.54 —2.01%%*
CXCL11 —1.33%* -1.18
Ty17-related IL-12B -1.32 —2.12%#*
IL-17A —1.51* —1.50*
CCL20 —1.76** —2.08%**
TNFo —1.32* —1.29*
1L23 —2.3%* =34t
IFNy -1.2 —1.48*

Note: Fold changes of proteins comparing lesional skin at Week 16 versus
baseline. Proteins are sorted by pathway.

Abbreviations: bid, twice-daily; LS, lesional; MMP, matrix-metalloprotease.
*p <0.05.

*p <0.01.

#%p < 0.001.

observed across treatment arms, which seem to be in alignment
with data from a Tyk2 inhibitor where a reduction of > 80% in IL-
17A/F or KRT16 was required to reach a meaningful histological
and clinical response, respectively [15]. In addition, considerable
variability in biomarker changes among non-responders, along
with the absence of differentially expressed proteins at Week 16,
was observed.

Beyond IL-17A and IL-23, we observed a broad immunomodu-
latory effect of orismilast across the T1 (e.g., TNFa, CXCLI10,
CXCLY9) and Ty417 (e.g., IL-17A, IL-23, IL-12B, CCL20) immune
axes. This is in agreement with several previous biomarker
studies of the PDE4 inhibitor apremilast in psoriasis patients,
showing a significant modulation of T,;1 and T,417 cytokines
involved in the pathogenesis of psoriasis (e.g., IL-17A/F, IL-22
and TNFa) [16-18]. Consistently across the apremilast studies,
the most pronounced inhibition was, however, observed for IL-
17A and IL-17F, which further showed the strongest correlations
with PASI improvements following treatment with apremilast
[16-18]. Predictive modelling found IL-17 as the most import-
ant predictor of PASI improvement to apremilast, and demon-
strated synergistic effects of IL-17, IL-22 and TNFax on PASI
response [19]. Thus, the inhibition of the IL-17 axis is thought

to be an important mechanism through which PDE4 inhibitors
exert their anti-inflammatory effects in patients with psoriasis.
Despite these mechanistic data published from studies with
apremilast, a need for comprehensive profiling of the broad ef-
fect of PDE4 inhibition in psoriasis remains, especially regard-
ing proteomic changes in the skin.

In agreement with studies of apremilast, we observed a greater
reduction of lesional IL-17A than TNFa following orismilast at
Week 16, suggesting an effect beyond the classical TNFa path-
way and linked to the T};17 pathway. This is further supported
by a strong and significant reduction of cytokines related to IL-
17 inhibition (e.g., IL-23, CCL20, IL-12B), but only a weak re-
duction of cytokines related to the TNFa pathway, such as IL-6
and IL-8. In addition, we observed a significant correlation of
lesional IL-17A and IL-17C levels with PASI improvement at
Week 16, whereas Week 16 TNFa levels did not significantly
correlate with PASI improvement. Finally, a significant reduc-
tion of lesional CCL20 and IL-17C levels at Week 16 indicates an
upstream blockade of IL-17A and the effect likely occurring in
keratinocytes. Thus, we hypothesise that TNFa positively con-
tributes to the suppression of IL-17A, potentially in synergy with
IL-17C, which is known to amplify inflammation in keratino-
cytes [20]. Given that PDE4 inhibitors were clinically efficacious
in psoriasis and psoriatic arthritis patients (IL-17/IL-23 axis
dominant diseases) [20, 21], but showed less effect in rheumatic
arthritis patients [22] (TNFa axis dominant disease) further sup-
ports the hypothesis that PDE4 inhibition has a major impact on
the pathogenic T ;17 cell pathway. In addition, the significant re-
duction of IFNy, CXCL10 and CXCL9 in PASI75 responders and
significant correlation of all markers at Week 16 with PASI im-
provement indicates a direct modulation of cytokines related to
the T,;1 pathway or pathogenic T;17 cells co-expressing IFNy.
Overall, the data presented in this study confirm the mechanistic
understanding of the anti-inflammatory effect seen with PDE4
inhibition. The broad anti-inflammatory effect seen in psoriasis
patients after treatment with orismilast is in alignment with pre-
clinical data of orismilast in vitro and in vivo [10] and supports
the mechanistic hypothesis of PDE4 inhibition impacting T cell
receptor activation through the cAMP signalling pathway and
keratinocyte activation, as reviewed by Pincelli et al. [17].

In our study, we observed a 20%-40% reduction in several key in-
flammatory markers among patients receiving placebo at Week
16; although no differentially expressed proteins were identified.
The study design may have contributed to an elevated placebo
effect: biomarker assessments were limited to study completers,
potentially enriching the placebo group for patients who expe-
rienced some clinical improvement. While only non-medicated
emollients and low-potency corticosteroids (restricted to the
face, axillae and groin) were permitted, their impact on overall
outcomes is likely minimal.

We observed a significant reduction in key inflammatory
markers using orismilast and, most importantly, mirrored the
transcriptomic and systemic biomarker changes seen with
apremilast in psoriasis patients. Thus, tape stripping combined
with OLINK can serve as a powerful tool to measure disease
characteristics and the impact of a treatment modality on a
patient's skin inflammatory signature. Employing tape strip-
ping in a clinical trial setting enables the minimally invasive
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square means at baseline and following 16 weeks of treatment are displayed. Fold changes and p-value of (i) lesional (LS) versus non-lesional (NL)
skin levels at baseline (red) and (ii) lesional skin levels at Week 16 versus baseline (black) are included. Percent improvement, which is includ-
ed in each panel, was calculated per group and protein: Abs (Week 16 lesional —baseline lesional)/abs (baseline lesional —baseline non lesional).
Numbers of responders/non-responders: Placebo =8/25, 20mg BID =17/18, 30mg BID =13/22. (B) Log, fold-change with standard error of selected
markers in PASI90 responders (N=21) versus non-responders (N =49) following orismilast treatment. Statistical comparison of responders versus
non-responders using t-test. ***p <0.001, **p <0.01. *p <0.05, +p < 0.1, #p =0.2. bid, twice-daily; BL =Baseline; LS, lesional; NL, non-lesional; PASI,

Psoriasis Area and Severity Index; W16, Week 16. See Tables S4 and S5 for raw data.

collection of skin samples in studies with a larger sample size
(e.g., Phase 2b, Phase 3) and inclusion of a placebo group. In
addition, the OLINK technology further allows for an ultra-
sensitive detection of a variety of proteins, which seems benefi-
cial in the case of rather low levels of disease-driving cytokines.
However, while tape stripping offers a non-invasive approach
to quantify inflammatory proteins, it may not adequately cap-
ture inflammation within the dermis. An indirect comparison
of our baseline data with the proteomic data from the study by
Navrazhina et al. [13]—which analysed biopsies from healthy
controls as well as lesional and non-lesional skin of psoriasis pa-
tients using the same OLINK Inflammation Panel—shows that

fewer analytes were quantifiable using tape stripping (70 out of
92) compared to biopsies (92 out of 92). Still, both methodologies
similarly captured the dysregulation of key inflammatory mark-
ers of psoriasis in lesional skin. Proteins related to the central
disease-driving pathways of psoriasis, namely the T,;1 (CCL3,
CCL4, CXCL9, CXCL10, CXCL11, TNFa) and T17 pathway
(CXCL1, CCL20, IL-17A, IL-12B) were found elevated in lesional
skin across both studies. Given the differences in study design
and statistical approaches between the two studies, a more com-
prehensive comparison remains challenging. Therefore, a ded-
icated study would be necessary to fully elucidate the distinct
proteomic profiles captured by tape stripping versus biopsy in
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psoriasis patients, as reported by Del Duca et al. [23] in patients
with atopic dermatitis. To the best of our knowledge, this is the
first study in psoriasis patients where lesional skin protein lev-
els are quantified using tape strip sampling in combination with
the OLINK technology. Tape stripping and skin proteomics have
previously been employed to measure disease characteristics in
psoriasis and atopic dermatitis patients [13, 24, 25]. However, in
most studies, a therapeutic treatment was not included, and the
two technologies were only combined in samples from patients
with atopic dermatitis [26].

This study had limitations. The conclusions are based on data
from a relatively small number of patients; however, the sample
size is comparable and even slightly bigger than other biomarker
studies. Only baseline and Week 16 samples were collected as
the biomarker study was part of a dose-range finding phase 2b
study and not a dedicated biomarker study, where longitudinal
sampling with more time points is sometimes collected. We have
not generated gene expression data but focused on protein lev-
els in the skin. Finally, a dedicated biomarker study in a larger
cohort with longitudinal sampling would be needed to robustly
assess predictors of response, resistance mechanisms and inter/
intra-patient variability, ultimately aiding in fully elucidating
the mechanism of orismilast in psoriasis.

5 | Conclusion

In conclusion, a significant reduction of key proteins related
to the T(;17 axis, T};1 axis and epithelial inflammation was
observed in the skin of psoriasis patients after treatment with
oral orismilast. The biomarker data obtained confirm the broad
immunomodulatory effect observed in preclinical studies with
orismilast and show a larger differentiation of orismilast to
placebo than seen with clinical endpoints in psoriasis patients
[10, 12]. Importantly, the study underlines tape strip sampling
of the skin as a powerful and minimally invasive technology to
obtain data on protein changes in clinical studies conducted in
psoriasis patients.
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