
A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

ORIGINAL REPORT
1/8

2024 ©Author(s). Published by MJS Publishing, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/).

SIGNIFICANCE
Pruritus is a previously underestimated burden in psoriasis. 
Secukinumab has shown promising results in the treatment 
of psoriasis, but the long-lasting effect on pruritus and the 
associated neuroanatomy is unclear. Pruritus intensities, 
psoriasis-associated marker expression, and nerve fibre 
architecture improved during secukinumab treatment in 
this study. After randomized withdrawal, pruritus intensity, 
Psoriasis Area Severity Index score, histopathological 
characteristics, and marker expression relapsed upon placebo 
compared with secukinumab, except for neuroanatomy. For 
the first time, secukinumab was shown to improve pruritus 
intensity in line with cutaneous nerve architecture. After 
discontinuation of the drug, the neuroanatomy remained 
stable, even while the pruritus began to relapse.
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The occurrence of pruritus in psoriasis was previously 
underestimated but is a significant burden. Secukinumab 
(SEC), a monoclonal anti-interleukin-17A antibody, effi-
ciently controls signs of psoriasis, but the effect on pru-
ritus and cutaneous neuroanatomy remained unknown. 
The primary objective of this study (NCT02362789) was 
to evaluate the superiority of SEC treatment vs placebo on 
pruritus intensity (visual analogue scale; VAS). Further-
more, the treatment-dependent course of pruritus in 
association with absolute Psoriasis Area Severity Index 
(PASI) score, as well as cutaneous histopathology and 
neuroanatomy, was assessed. Open-label SEC 300 mg 
s.c. was administered regularly until week 16. Patients 
who reached a ≥ 98% PASI reduction (PASI ≥ 98) were 
randomized to receive either placebo or SEC up to week 
32. Punch biopsies were collected from lesional psoriatic 
(baseline, weeks 16 and 32) and non-lesional (baseline) 
skin for histopathological and neuroanatomical analy-
ses. VAS scores improved significantly after open-label 
SEC treatment but relapsed upon placebo (29.92 ± 33.8) 
compared with SEC (12.30 ± 22.6; p = 0.036). After SEC-
dependent improvement in PASI, histopathology, mar-
ker expression and neuroanatomy, relapse was obser-
ved with treatment discontinuation in all parameters 
except neuroanatomy. SEC was superior to placebo by 
efficiently controlling reduced pruritus intensity, clinical-
ly normalizing skin lesions, and reversing histopatholo-
gical abnormalities. The neuroanatomy recovered upon 
SEC and remained stable even after withdrawal.
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For a long time, pruritus in psoriasis was underestima-
ted, but presents a significant burden in up to 90% 

of patients (1, 2). The symptom is mainly located within 
lesions and of moderate intensity. However, pruritus can 

contribute to the development of mental comorbidities 
including anxiety, feelings of stigmatization, and depres-
sion (3–5). Consequently, improvement of pruritus with 
anti-psoriatic treatment leads to an improvement in the 
quality of life of patients (6, 7). The pathogenesis of 
pruritus in psoriasis is not well understood. It is assu-
med that an interaction of inflammatory Th1/Th17/Th22 
mediators and cutaneous sensory nerves contributes to 
the development of the itch signal and to its chronicity 
(8–11). Additionally, interaction of sensory nerves and 
macrophages initiated by reactive oxygen species and 
subsequent release of neurotransmitters like substance 
P (SP), or calcitonin gene-related peptide (CGRP), was 
shown to mediate psoriasis-related cutaneous inflamma-
tion in a murine psoriasis model (12). Considering this 
broad involvement of cutaneous sensory nerve fibres 
in psoriasis, previous studies on the cutaneous neuroa-
natomy show conflicting data, with both reduced and 
enhanced epidermal nerve fibre numbers being reported 
in human psoriatic skin, possibly due to methodological 
discrepancies (13–16). In other pruritic conditions of 
inflammatory and neuropathic origin a reduction of 
intraepidermal nerve fibres was found (17, 18), but 
longitudinal studies on neuroanatomical alterations in 
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psoriasis patients as well as on the relationship between 
pruritus and cutaneous neuroanatomy under treatment are 
still lacking. In addition, it is unclear whether pruritus recurs 
after normalization of the cutaneous neuroanatomy.

General disease control with secukinumab (SEC), the 
first approved human monoclonal IL17A antibody for 
psoriasis treatment, is already linked to pruritus relief 
(19, 20). Additionally, there is evidence that IL17A 
(overexpressed in psoriatic skin [21]) may have a neu-
romodulatory effect, either through direct influence on 
nerve fibres or secondarily through its pro-inflammatory 
properties (22). This study was designed to assess the 
impact of SEC treatment and withdrawal on the course 
of pruritus intensity in association with the neuroanatomy 
in psoriasis patients.

MATERIALS AND METHODS

Study design and patient population

PSORITUS (Secukinumab study in PSOriasis exploring pruRI-
TUS) was a phase IIIb multicenter trial (NCT02362789) including 
both an open-label (OL) run-in phase (weeks 1–16) and a sub-
sequent randomized placebo-controlled withdrawal (RW) phase 
(weeks 16–32) with monthly injections of SEC 300mg s.c. or 
placebo up to week 32, respectively (Fig. S1A). 

Patients were adults with moderate to severe plaque psoriasis 
(Psoriasis Area Severity Index [PASI] > 10) and moderate to 
severe pruritus intensity of ≥ 30 on a 100-point visual analogue 
scale (VAS). Key exclusion criteria are described in Appendix S1. 

All patients received OL SEC at baseline, weeks 1, 2, 3, and 4 
and then every 4 weeks until week 16. Patients who did not reach 
a ≥ 98% reduction in the PASI score (PASI ≥ 98) discontinued the 
study after the OL phase. This cut-off ensures an excellent response 
and extensive skin clearance of patients without losing those 
who do not achieve a 100% PASI reduction. Patients (PASI ≥ 98 
reduction) were randomized 1:1 until week 32 to either 4-weekly 
placebo or SEC, with patients and investigators blinded to study 
treatment (Fig. S1B). Safety data of SEC are shown in Table SI. 
Primary objective: Evaluation of superiority of SEC vs placebo 
on pruritus intensity (worst itch within 24 h [WI-VAS-24h]) at 
week 32.
Exploratory objectives: Assessment of treatment-dependent course 
of pruritus in association with absolute PASI, histopathology and 
cutaneous neuroanatomy in lesional and non-lesional skin before, 
during and after treatment.

PSORITUS was performed in accordance with the Guidelines 
for Good Clinical Practice, with applicable local regulations (inclu-
ding European Directive 2001/20/EC), and with ethical principles 
laid down in the Declaration of Helsinki. Written informed consent 
was obtained from all participants. 

Biopsies and histological analyses

Punch biopsies (4–6 mm diameter) were collected from lesional 
psoriatic plaques (LS) and non-lesional (NL) skin preferentially 
at the trunk (alternatively at extremities) in local anaesthesia at 
baseline (n = 130) and from LS skin at weeks 16 (n = 80) and 32 
(n = 57) (Fig. S1a). Skin samples were frozen in OCT (optimal 
cutting temperature compound) medium for histopathology and 
immunohistochemical staining. Haematoxylin/eosin as well as 
periodic acid-Schiff-stained paraffin sections were analysed regar-
ding histopathological changes. Immuno-peroxidase staining was 
performed on paraffin sections with CK16 and S100A7 antibodies. 

Biopsies were scored semi-quantitatively by 2 investigators (SST, 
DM) blinded to treatment groups. 

Cutaneous neuroanatomy

Intraepidermal nerve fibre density (IENFD) was analysed by as-
sessing the number of PGP9.5-positive nerve fibres crossing the 
basement membrane per mm epidermis. Samples were processed 
according to the validated and previously reported protocol (23) 
(Appendix S1). Absolute intraepidermal nerve fibre length (IEN-
FL) was determined generating 3 z-stacks (26 individual images, 
20 µm range) per patient per time point. The open-source software 
DeconvolutionLab2 (24) was used to deconvolve the image stacks 
into tagged image file format (TIFF) files for further analysis (see 
Fig. S6A). Morphometric evaluation of epidermal nerve fibres was 
performed using the software NeuroM/Blue Brain Project (25) 
(see Fig. S6B). Epidermis height was assessed by determining 
the distance between basement membrane and stratum corneum. 
For the longitudinal observations only, localization-matched 
biopsies were used.

Statistical analyses

The study sample size was calculated based on previous data 
from the FIXTURE Study (CAIN457A2303) (26) as described 
in the Appendix.

The primary analysis method was testing differences between the 
placebo and the SEC group for significance using a t-test. Missing 
values of VAS or PASI were imputed with the median value of the 
entire group at the corresponding timepoint.

Non-parametric tests were used for data without normal distri-
bution. Paired samples were compared by Wilcoxon’s rank sum 
test; data of independent groups were tested with the Kruskal–
Wallis test or Mann–Whitney test, as appropriate. Correlations 
were calculated with Spearman’s correlation coefficient test. All 
calculations were performed using SPSS 27 software (IBM Corp, 
Armonk, NY, USA) and two-sided p-values of p < 0.05 were con-
sidered statistically significant.

RESULTS

Patient population
In total, 146 patients with psoriasis vulgaris were scree-
ned, 130 of whom entered the OL run-in phase receiving 
SEC (16 weeks). The OL phase was completed by 128 
patients (98.5%). Fifty of 130 subjects failed run-in, dis-
continued treatment, and were not re-randomized to the 
RW phase (48 failed to reach PASI ≥ 98; 1 discontinuation 
due to adverse events [AE]; 1 death). Eighty (61.5%) out 
of 130 SEC-treated subjects achieved extensive skin clea-
rance (PASI ≥ 98) and qualified for the subsequent RW 
phase (weeks 16–32). These subjects were randomized 
to receive either SEC (n = 42) or placebo (n = 38) (Fig. 
S1B). A higher proportion of patients discontinued in 
the placebo group 12/38 (31.6%) as compared with the 
SEC group 4/42 (9.5%), the major reason for which was 
lack of efficacy (6 placebo- and 2 SEC-treated patients). 

Baseline characteristics (previously published for 
the initial 130 patients [7]) were balanced between RW 
SEC- and placebo-treatment groups (Table I). Baseline 
PASI was 23.4 ± 10.5 for SEC-treated and 24.2 ± 12.4 for 
placebo-treated patients, with the majority in both groups 
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(> 90%) having an Investigator’s Global Assessment 
(IGA) modified 2011 score 3/4, indicative of moderate 
to severe disease. Average of baseline WI-VAS-24h was 
74.8 ± 18.0 for the SEC group and 76.1 ± 20.1 for placebo. 
Safety of SEC in PSORITUS was consistent with pre-
vious phase III clinical trials and no new or unexpected 
safety signals emerged (Table SI). There was 1 death 
that resulted from rupture of a pre-existing infra-renal 
aortic aneurysm after the first 4 doses of SEC and was 
considered unrelated to study treatment. One patient had 
an AE leading to discontinuation of study treatment and 
7 patients had non-fatal serious AEs.

Pruritus and skin lesions improve with secukinumab
This analysis was performed based on 33 SEC- and 
24 placebo-treated patients with complete data sets 
available. In the OL phase, baseline pruritus intensity 
(WI-VAS-24h; mean ± SD) of 74.39 ± 19.2 rapidly redu-
ced and reached significance after 1 week of treatment 
(60.04 ± 27.5; p < 0.001). Pruritus intensity continued 
to improve up to week 16 with a mean WI-VAS-24h 
of 6.47 ± 13.0 (p < 0.001; Fig. S2A). At week 32, the 
primary endpoint was met with significantly lower 
pruritus intensity in SEC-treated patients than in the 
placebo group (12.30 ± 22.6 vs 29.92 ± 33.8; p = 0.036; 
Fig. 1A). By week 16, rates of PASI 75/90/100 response 
were 92.0%, 77.9%, and 33.6%, in line with previous 
phase III studies (26) (Fig. S2C). Low absolute PASI 
scores achieved during the OL phase (Fig. S2B) were 
maintained with SEC up to week 32 with a mean of 
1.28 ± 2.2 compared with placebo (4.07 ± 4.3; p = 0.008; 
Fig. 1B). It is noteworthy that, despite the relapse in the 
placebo group in terms of both pruritus intensity and 
PASI scores, levels at week 32 were lower compared 
with baseline.

The course of pruritus intensity paralleled the course 
of absolute PASI scores in the RW phase and is suppor-
ted by increasing correlations in the SEC as well as the 
placebo group (Table SII). 

Histopathological changes normalize with secukinumab
Psoriasis-related histopathological changes were propor-
tionally categorized into absent, weakly present, present, 
and strongly present (Fig. S3). LS skin showed typical 
psoriatic features with hyperkeratosis, hyperplasia, 

Table I. Baseline patient demographic characteristics and disease 
history in PSORITUS (full analysis set – randomized withdrawal 
period)

Factor
Secukinumab 
(n = 42)

Placebo 
(n = 38)

Age, years, mean ± SD 45.8 ± 13.1 47.7 ± 11.7
Sex, female, n (%) 15 (35.7) 16 (42.1)
Ethnicity, n (%)
White
Black

41 (97.6)
1 (2.4)

38 (100.0)
0

Weight, kg, mean ± SD 87.9 ± 20.7 87.9 ± 20.0
Body mass index, kg/m2, mean ± SD 28.9 ± 5.5 29.4 ± 6.5
Smoking status, n (%)
Never
Current
Former

10 (23.8)
23 (54.8)
9 (21.4)

9 (23.7)
20 (52.6)
9 (23.7)

Baseline PASI (mean ± SD) 23.4 ± 10.5 24.2 ± 12.4
Baseline IGA mod 2011 score, n (%)
3
4

22 (52.4)
19 (45.2)

21 (55.3)
17 (44.7)

Baseline VAS (worst pruritus) 0–100, mean ± SD 74.8 ± 18.0 76.1 ± 20.1
Psoriatic arthritis present, n (%) 5 (11.9) 5 (13.2)
Time since diagnosis of psoriasis, years, mean ± SD 18.8 ± 14.2 19.7 ± 13.9
Previous systemic treatment, n (%)
Previous biologic treatment, n (%)

19 (45.2)
2 (4.8)

22 (57.9)
5 (13.2)

IGA: investigator’s global assessment; PASI: psoriasis area and severity index; 
SD: standard deviation; VAS: visual analogue scale.

Fig. 1. Pruritus intensity and disease activity following 
secukinumab treatment (randomized withdrawal phase). (A) 
Assessment of clinical parameters during the RW phase including 
worst pruritus intensity (WI-VAS-24h score, placebo v SEC: p = 0.036, 
and (B) absolute PASI score (placebo versus SEC: p = 0.008. Data 
are shown as mean (SE). PASI: Psoriasis Area Severity Index, RW: 
randomized withdrawal, SE: standard error, SEC: secukinumab, WI-
VAS-24h: worst itch of the previous 24 h assessed using a visual 
analogue scale (0–100mm). Statistics: t-test *p < 0.05, **p < 0.01.
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dilated blood vessels, neutrophils in the horny layer and 
papillary oedema as well as weakly present erythro-
cyte extravasation compared with NL skin. All biopsies 
showed progressive normalization of assessed disease-
specific pathologic changes upon OL SEC treatment. 
After treatment withdrawal with placebo, recurrence of 
psoriasis was associated with a reversion of previous 
psoriasis-related histomorphological transformations at 
week 32 compared with week 16 (Fig. S3B, C, E, F). 
In the placebo group (week 32) blood vessels dilated 
again (0 [0;1.8]) vs the SEC group (0 [0;0]; p < 0.01), 
neutrophils recurred to be present in the horny layer 
(placebo 0 [0;1.8] vs SEC 0 [0;0]; p = 0.005) and eryth-
rocytes extravasated (placebo 0 [0;1.0] vs SEC 0 [0;0]; 
p = 0.028). Recurrence of hyperkeratosis and hyperplasia 
was also observed with placebo, but without significantly 
differing from the SEC group (Fig. S3A, D). The course 
of treatment-dependent histopathological changes in 
psoriatic skin lesions is visualized by representative 
haematoxylin/eosin staining (Fig. S4). 

Cutaneous expression of psoriasis-associated markers 
normalizes with secukinumab
To further sustain our histopathological findings, we 
analysed cutaneous expression of disease-related 
markers including a semi-quantitative rating (median 
[interquartile range]) of histochemical staining from 0 
to 5 (gradually from negative to strongly positive). At 
baseline, investigated markers CK16 and S100A7, 2 
epidermal barrier proteins impaired in psoriasis, showed 
significantly increased expression levels in LS compared 
with NL skin (Fig. S5). CK16 showed SEC-associated 
decline of expression levels in LS skin until week 16. At 
week 32, expression in the placebo group (1.0 [0.6;2.0]) 
is significantly increased compared with the SEC group 
(CK16: 0.0 [0.0;0.4], p = 0.004). Equal improvements 
in S100A7 expression were observed upon OL SEC 
treatment. Placebo led to increased S100A7 expression 
(week 32: 3.5 [0.6;4.4]), whereas low expression was 
maintained with SEC (0.5 [0.0;1.4]; p = 0.03). 

A moderate positive correlation was found between 
pruritus intensity at baseline and both CK16 (r = 0.402, 
p = 0.029, n = 19) and S100A7 (r = 0.426, p = 0.027, 
n = 18) expression of LS skin. At week 16, pruritus in-
tensity correlated only with CK16 expression (r = 0.705, 
p < 0.001, n = 19). CK16 expression of the SEC group 

correlated significantly with PASI scores (r = 0.720, 
p = 0.006, n = 12) at week 32.

Cutaneous neuroanatomical changes recover upon 
secukinumab treatment
Cutaneous neuroanatomy was analysed by determining 
IENFD and IENFL (Table II). Only patients with every 
biopsy taken from the same areas were evaluated (n = 47). 
Furthermore, IENFD of all time points was normalized 
to NL skin at baseline. IENFD in LS skin at baseline 
was significantly reduced compared with treated LS 
skin at week 16 and, irrespective of treatment, at week 
32 (Fig. 2A). 

Absolute IENFL [µm] was significantly increased 
in LS skin at baseline compared with NL skin and LS 
skin after both OL and RW phase (Fig. 2C). Epidermis 
height showed analogous alterations such as the IENFL 
(Fig. 2D).

To eliminate potential bias due to epidermal hyper-
plasia, we additionally analysed the IENFL relative to 
the epidermal height, resulting in significantly decreased 
IENFL in LS skin at baseline (0.24 [0.17;0.30]) compa-
red with NL skin (0.48 [0.32;0.61]; p < 0.001). Relative 
IENFL increased in LS skin with SEC treatment (0.48 
[0.39;0.60]; p < 0.001) and was maintained irrespective of 
treatment withdrawal (SEC: 0.42 [0.31;0.50], p < 0.001; 
placebo: 0.44 [0.28;0.61], p = 0.003; Fig. 2B).

Considering pruritus, a weak negative correlation at 
baseline was observed in LS skin between WI-VAS-24h 
and IENFD (r = -0.207, p = 0.039) and relative IENFL 
(r = –0.320, p = 0.039), respectively. Further negative 
correlations were found between IENFD after the OL 
phase at week 16 and both PASI at baseline (r = –0.289, 
p = 0.004) and week 16 (r = –0.286, p = 0.01).

DISCUSSION

In this phase IIIb randomized, double-blind, placebo-
controlled trial (NCT02362789) the therapeutic effect of 
SEC on pruritus intensity in accordance with cutaneous 
neuroanatomy in psoriasis patients was successfully 
demonstrated. SEC was the first approved “first line la-
bel” biologic targeting IL17A (27) in psoriasis showing 
great efficacy. Today, other suitable alternatives such as 
ixekizumab (targeting IL17A) or brodalumab (targeting 
IL17A receptor) are also available (28). Patients recei-

Table II. Neuroanatomy data of psoriatic lesional and non-lesional skin in PSORITUS

Factor

Baseline Week 16 Week 32

LS (n = 47) NL (n = 47) LS (n = 47) SEC LS (n = 29) Placebo LS (n = 18)

IENFD rel. to NL –2.52 [–0.90] – 0.23 [–1.02] 0.32 [–1.88] –0.61 [–0.52]
IENFL, µm 34.7 [28.1;44.6] 23.0 [18.7;28.2] 26.8 [20.9;36.4] 23.9* [21.5;32.2] 29.6* [25.5;33.5]
Epidermal height, µm 163.7 [126.9;203.0] 50.9 [43.6;60.5] 55.0 [47.8;67.9] 57.2 [48.9;76.3] 60.1 [49.4;110.75]
IENFL rel. to epidermal height 0.24 [0.17;0.30] 0.48 [0.32;0.61] 0.48 [0.39;0.60] 0.42 [0.31;0.50] 0.44 [0.28;0.61]

Median [interquartile range] of neuroanatomical data at baseline and after week 16 and 32, respectively. No significant differences at the endpoint (week 32) except for 
IENFL (p = 0.044). Statistics: independent samples: Mann–Whitney U test, significance at week 32 marked in bold; *p < 0.05.
IENFD: intraepidermal nerve fibre density; IENFL: intraepidermal nerve fibre length; LS: lesional; NL: non-lesional; n.s.: not significant; rel.: relative; SEC: secukinumab.
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ving SEC showed, as expected, a significant reduction in 
itch intensity and PASI scores. In the withdrawal phase, 
both pruritus and PASI remain stable for 8 weeks and 
recur from week 12 onwards in the placebo arm, while 
SEC continues to control pruritus and PASI over the 
entire period. At the primary endpoint (week 32), SEC-
treated patients showed significant superiority regarding 
pruritus intensity compared with the placebo group. This 
shows a stable effect of SEC on pruritus intensity and 
PASI, which even lasted for several weeks after discon-
tinuation of therapy. 

Psoriasis-related histopathological alterations in 
lesional skin recovered upon SEC therapy in line with 
clinical healing of lesions. After SEC discontinuation 
(placebo-group), the histopathological characteris-
tics worsened paralleled to PASI scores and pruritus  
intensity, underlining that psoriatic inflammation might 
induce and maintain pruritic sensations. In this context, 
it has been shown previously that expression of well-
known psoriasis markers such as IL23 correlates with 
pruritus intensity (11). To fortify further the relevance 

of histopathological changes, we analysed the expres-
sion of the psoriasis-associated markers CK16(29) and 
S100A7(30) by immunohistochemical staining. CK16 is 
associated with epidermal barrier integrity and showed 
histologically increased expression in psoriatic lesional 
skin reinforcing previous reports (31, 32). Expression of 
CK16 normalized due to SEC treatment consistent with a 
previous study (33) and may be related to improvement 
of skin lesions. S100A7 was already shown to suppress 
extracellular matrix production (34) and was found to be 
upregulated in psoriatic lesional skin in line with Natt-
kemper et al. 2018 (16) but also normalized with SEC 
treatment. The expression of both CK16 and S100A7 in 
lesional skin at baseline correlated moderately with the 
maximum pruritus intensity at baseline and additionally 
we observed a strong correlation of CK16 expression 
and pruritus intensity after OL SEC treatment. There-
fore, there may be a relation of assessed markers and 
pruritus that has so far not been sufficiently investigated. 
Furthermore, both analysed markers showed increased 
expression levels in the placebo group compared with 

Fig. 2. Intraepidermal nerve fibre density and length recover upon secukinumab treatment. (A) IENFD of LS skin at baseline (n = 47), week 
16 (n = 47) and 32 (SEC: n = 29; placebo: n = 18) normalized to NL skin at baseline. IENFD in LS skin at baseline is significantly decreased and recovers 
upon SEC treatment until week 16 (OL phase, p = 0.004) and remains stable during RW phase (until week 32, p = 0.023). (B) IENFL relative to the 
epidermal height. LS skin at baseline differing significantly (p < 0.001) from NL skin (baseline; n = 47) and LS skin after secukinumab treatment at week 
16 (n = 47) and 32 (SEC: n = 29; placebo: n = 18). (C) Absolute IENFL in µm at every time point (n = 47; SEC: n = 29; placebo: n = 18). (D) Epidermis 
height in µm at every time point (n = 47; SEC: n = 29; placebo: n = 18). IENFD: intraepidermal nerve fibre density, IENFL: intraepidermal nerve fibre 
length, LS: lesional skin, NL: non-lesional skin, OL: open-label, RW: randomized withdrawal phase, SEC: secukinumab. Statistics: Wilcoxon test *p < 0.05, 
**p < 0.01, ***p < 0.001.
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the SEC group (week 32) in accordance with worsening 
of pruritus intensity, PASI, and histopathological charac-
teristics, highlighting the potential interplay between the 
assessed parameters. 

In consideration of cutaneous neuroanatomy in psoria-
tic skin lesions, decreased IENFD and reduced IENFL 
relative to the epidermal height was found at baseline as 
compared with non-lesional skin. The finding of rarefi-
cation of intraepidermal nerve fibres in psoriatic skin is 
consistent with previous observations in psoriasis (13, 
14, 16) and in other pruritic inflammatory conditions 
such as atopic dermatitis or chronic nodular prurigo 
(17, 18). However, other studies in psoriasis showed 
higher IENFD in psoriatic skin. This discrepancy may 
be explained by different IENFD assessment methodo-
logy analysing the number of intraepidermal nerve fibre 
fragments per mm2 epidermis (15) instead of the number 
of nerve fibres crossing the dermal–epidermal junction. 
Another explanation might be the analysis of different 
examined localizations (35) that seem to influence the 
density (Fig. S6C). Increased absolute IENFL at baseline 
is in line with a previous reported finding (36). Additio-
nally, increased epidermal height in psoriatic lesions (vs 
non-lesional skin) may possibly indicate a hyperplasia-
associated elongation of nerve fibres. However, due to 
increased thickness of the skin, a lower innervation depth 
was achieved in lesional skin, which was reflected in a 
reduced relative IENFL.

SEC treatment led to a recovery of IENFD and rela-
tive IENFL, which remained stable even in the placebo 
group after SEC discontinuation, in contrast to all other 
assessments in this study. Whether IL17A inhibition by 
SEC influences neuronal regeneration directly or indi-
rectly through the general healing process, as previously 
shown in chronic prurigo patients (23), is not yet clear. 
The negative correlation between IENFD and relative 
IENFL in psoriatic skin and pruritus intensity at baseline 
as well as subsequent therapy-dependent parallel reduc-
tion of pruritus and recovery of IENFD/L indicate that 
neuroanatomical structure and its changes may contri-
bute to pruritus. However, recurrence of pruritus along 
with the disease is thus not primarily due to a change 
in neuroanatomy. This study argues for a dominant role 
of inflammatory markers in the generation of pruritus 
in psoriasis supported by positive correlations between 
PASI and pruritus intensity (placebo group, RW phase). 
Changes in neuroanatomy seem to be secondary due to 
scratching or cutaneous inflammation. Thus, the function 
of cutaneous nerves under psoriatic condition might be 
more crucial for pruritus than the anatomy. Neuroim-
mune communication, a close interaction between nerve 
fibres and immune cells via their released factors such 
as inflammatory chemokines (e.g., chemokine [C-X-C 
motif] ligand 1; CXCL1), cytokines (e.g., tumour necro-
sis factor α, IL31, IL17A) or neuropeptides (e.g., CGRP, 
SP) and their respective receptors may contribute to the 

progression of psoriatic lesions and pruritus (37). Pro-
inflammatory cytokines such as IL31 were already shown 
to influence neuronal function and outgrowth in other 
inflammatory skin diseases like atopic dermatitis (38). 
There are also indications that IL17A may act directly on 
nerves by influencing both growth and excitability (22), 
but also secondarily through activation of, e.g., CXCL1, 
which in turn facilitates pruritus (39). 

We hypothesize that cutaneous neuroanatomy change 
is delayed to its epidermal environment, as we revealed 
a negative correlation of PASI scores in lesional skin at 
baseline and IENFD after the OL SEC treatment. This  
result indicates that patients with lower PASI scores at 
baseline showed a more profound regeneration of IENFD 
with SEC treatment. Therefore, it can be speculated that 
inflammation has a long-term effect on cutaneous neu-
roanatomy. Persistent, excessive inflammation can impair 
neuronal regeneration (40), so the extent of inflammation 
could impair or determine the course of neuroanatomical 
recovery even under psoriatic conditions. 

Taken together, we demonstrated the potency of 
SEC treatment regarding improvement of pruritus and 
reversal of histopathological abnormalities. We showed 
for the first time a beneficial impact of SEC on altered 
neuroanatomy in psoriatic skin, which remained stable 
even after discontinuation of the drug, while pruritus 
began to worsen along with recurrence of the disease. 
Exact molecular relationships between IL17A inhibition, 
pruritus, and epidermal neuroanatomy under psoriatic 
inflammation should be further elucidated in future 
investigations.
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