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ABSTRACT

Introduction: Palmoplantar pustulosis (PPP) is a

chronic, inflammatory skin disease, with high

disease burden, that is often refractory to treat-

ment. There is a high unmet clinical need for the

treatment of patients with PPP. The objectives of

this study were to evaluate the safety and efficacy

of spesolimab, a novel anti-interleukin-36

receptor antibody, in patients with PPP.

Methods: This was a phase IIa, multicenter,

double-blind, randomized, placebo-controlled

pilot study comparing 900 mg spesolimab

(n = 19),300 mgspesolimab(n = 19), andplacebo

(n = 21) administered intravenously every

4 weeks until week 12 in patients with PPP. The

primary efficacy endpointwas the achievementof

Palmoplantar Pustulosis Area and Severity Index

50 (PPP ASI50) at week 16, defined as achieving

an C 50% decrease from baseline PPP ASI.

Results: At week 16, 31.6% of patients in both

spesolimab dose groups achieved PPP ASI50 ver-

sus 23.8% receivingplacebo (riskdifference 0.078;

95% confidence interval –0.190, 0.338). Thus, the

primary endpoint was not met. Spesolimab was

well tolerated with no clinically relevant treat-

ment-emergent safety signals observed.

Conclusions: PPP severity declined over time in

all treatment groups after the start of treatment,
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with a faster decline in the spesolimab arms

than in the placebo arm, indicating a potential

treatment effect for spesolimab. Limitations to

the study included a small sample size and

lower overall disease severity than expected at

baseline. It is possible that the primary efficacy

endpoint may have coincided with natural dis-

ease resolution in some patients. Further effects

of the efficacy of spesolimab in PPP are being

explored in a phase IIb trial.

Keywords: BI655130;biomarkers; IL-36; IL-36R;

palmoplantar pustular psoriasis; palmoplantar

pustulosis; PPP; randomized controlled trial;

spesolimab

Key Summary Points

Why carry out this study?

Palmoplantar pustulosis (PPP) is a chronic,

inflammatory skin disease that is often

refractory to treatment and has a high

unmet clinical need.

The interleukin (IL)-36 pathway has been

shown to play a role in the pathogenesis

of PPP in some patients.

Spesolimab, an anti-IL36 receptor

inhibitor, may offer a novel, targeted

treatment for those with PPP.

What was learned from this study?

The primary endpoint of the study (the

proportion of patients achieving

Palmoplantar Pustulosis Area and Severity

Index 50 [PPP ASI50] at week 16) was not

met, with 31.6% of patients in both

spesolimab dose groups achieving PPP

ASI50 versus 23.8% in the placebo group.

Although the primary endpoint was not

met, post hoc analyses showed that PPP

symptoms showed greater improvement

with spesolimab compared with placebo

in patients with more severe disease,

indicating that spesolimab may be an

effective treatment for those with severe

PPP.

DIGITAL FEATURES

This article is published with digital features,

including a summary slide, to facilitate under-

standing of the article. To view digital features

for this article go to https://doi.org/10.6084/

m9.figshare.13912919.

INTRODUCTION

Palmoplantar pustulosis (PPP) is a chronic,

inflammatory, debilitating, relapsing disease

characterized by neutrophil-filled sterile pus-

tules involving the palms of the hands and/or

soles of the feet [1–3]. Patients with PPP expe-

rience periods of active disease followed by

periods of partial remission [4, 5].

Historically, PPP has been part of a group of

rare inflammatory skin conditions collectively

known as pustular psoriasis, with PPP the most

common localized variant [2, 6]. However, PPP

is now recognized as a distinct disease, with a

different genetic profile than non-pustular pso-

riasis [7–9].

Therapeutic intervention is a major chal-

lenge in patients with PPP because the condi-

tion is difficult to treat, resulting in a low

response rate to treatment [10]. Commonly

used treatments, including topical corticos-

teroids, systemic retinoids, methotrexate,

cyclosporine, and psoralen plus ultraviolet light

A, have limited efficacy and are also associated

with adverse events (AE), limiting their long-

term use [5, 10–16]. To date, clinical trials have

been conducted on biologics, including ustek-

inumab, secukinumab, and guselkumab

[11, 17–19]; however, the efficacy of these bio-

logics in PPP is considerably lower than in pla-

que psoriasis.

The immunopathogenesis of PPP is not well

characterized; comparisons of gene and protein

expression between PPP and plaque psoriasis

lesions found increased expression of genes,

and their proteins, associated with the inter-

leukin (IL)-1 and IL-36 pathways in PPP lesions

[20]. In generalized pustular psoriasis (GPP),

overexpression of IL-36 or loss-of-function

mutations in the IL36RN gene, which encodes
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the IL-36 receptor antagonist (IL-36Ra) protein,

lead to dysregulated IL-36R signaling and are

linked to disease onset [21]. While IL36RN

mutations are rare in PPP (though greater than

in the general population), upregulation of the

IL-36 pathway is reported in PPP [9, 20–25].

Spesolimab (BI 655130) is a humanized

antagonistic monoclonal immunoglobulin G1

anti-interleukin-36 receptor (anti-IL-36R)

antibody that blocks human IL-36R signaling

[26]. Spesolimab was previously investigated in

seven patients with GPP who presented with an

acute flare of moderate-to-severe intensity

(ClinicalTrials.gov identifier NCT02978690)

[27]; a single dose of spesolimab (10 mg per

kilogram of body weight) demonstrated rapid

pustule clearance, with marked improvements

in other disease measures for all patients, irre-

spective of IL36RN mutation status. These

findings raise the possibility that blockade of

the IL-36 pathway may also be a therapeutic

strategy in patients with PPP.

Here, we report the safety and efficacy of

spesolimab in patients with PPP in a phase IIa,

multicenter, double-blind, randomized, placebo-

controlled pilot study. We hypothesized that

spesolimab, an anti-IL-36-receptor antibody, is

efficacious in PPP, a disease that has previously

been associated with dysregulation of the IL-36

pathway.

METHODS

Study Design and Participants

This 32-week trial (ClinicalTrials.gov identifier

NCT03135548) investigated the safety and effi-

cacy of spesolimab in patients with PPP and

was conducted at 18 sites across Canada,

Denmark, Germany, Italy, Spain, and Sweden.

The trial consisted of three consecutive study

periods: screening (from day-28 to day-7),

treatment (16 weeks), and follow-up (16 weeks).

Eligible patients identified during screening

were randomized (1:1:1, blinded, using inter-

active response technology) to one of two dose

arms of spesolimab (900 mg or 300 mg) or pla-

cebo intravenously every 4 weeks, correspond-

ing to day 1 and weeks 4, 8, and 12. Patients

were free to use any rescue medication after

week 16.

Patients aged 18–65 years were eligible if

they had PPP, defined as the presence of pri-

mary, persistent ([3 months duration), sterile,

macroscopically visible pustules on the palms of

the hands and/or soles of the feet [1]. Eligible

patients were permitted to have plaque psoriasis

if it was on less than 10% of their body surface

area. Pustulation had to be active (yellow pus-

tules), and patients were required to have a

minimum Palmoplantar Pustular Psoriasis Area

and Severity Index (PPP ASI) of 12 (severity

was assessed on a scale of 0–72, where 72 is the

most severe), and a Palmoplantar Pustulosis

Physician Global Assessment (PPP PGA) of at

least moderate severity (C 3) at baseline; overall

skin lesion status is graded on a scale of 0–4,

with 0 indicating clear skin and 4 indicating

very severe lesions. See the electronic supple-

mentary material for full inclusion/exclusion

criteria, including restricted medications, and

full descriptions of further measures and PPP

ASI.

The clinical trial protocol, patient informa-

tion leaflet, informed consent form, and other

locally required documents were reviewed and

approvedby the IndependentEthicsCommittees

and/or Institutional Review Boards of partici-

pating centers (master committee: Ethikkom-

mission der Medizinischen Fakultät der

Christian-Albrechts-Universität zu Kiel, Ger-

many). The study was conducted in compliance

with the clinical trial protocol, in accordance

with the Declaration of Helsinki, Good Clinical

Practice guidelines, and other applicable regula-

tory requirements and Boehringer Ingelheim’s

standard operating procedures. Written

informed consent was obtained from all patients

prior to study initiation.

Efficacy and Safety Assessments

As there are currently no established or well-

validated endpoints available to assess clinician-

or patient-reported outcomes in PPP, several

endpoints were explored in this pilot study.

The primary endpoints were achievement of a

50% improvement from baseline in PPP ASI
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(PPP ASI50) at week 16 following treatment

with spesolimab, and the number of patients

with drug-related AEs over the 32-week trial.

Evaluations were also performed between week

16 and week 32, with main evaluations taking

place up to week 16; however, as patients were

free to use any rescue medication between week

16 and week 32, these results are not included

in the overall results of this trial.

Safety assessments included evaluation of

AEs (coded using the Medical Dictionary for

Drug Regulatory Activities [MedDRA] version

21.1; AE intensity was assessed using the

Rheumatology Common Toxicity Criteria

[RCTC] version 2.0), serious AEs, laboratory

assessments, physical examinations of vital

signs, and 12-lead electrocardiograms over the

duration of the trial (32 weeks). The main sec-

ondary endpoints were the achievement of

PPP ASI75 and percent change from baseline in

PPP ASI at week 16.

Statistical Analyses

This was an exploratory trial, and formal con-

firmatory statistical testing was not performed.

The efficacy analyses were performed on the full

analysis set (FAS), comprising all patients who

were randomized, received at least one dose of

study drug during the trial, and had a baseline

measurement for the primary endpoint. Safety

was assessed in all patients who were random-

ized and received at least one dose during the

trial.

Primary analysis of the unadjusted absolute

risk difference versus placebo was calculated as

the difference in the observed proportion of

patients with PPP ASI50 at week 16 for each

treatment scenario for the FAS. A 95% Wilson

confidence interval (CI) around this difference

was provided. Additionally, a parametric boot-

strap 95% CI was generated by sampling from

the binomial distribution for each treatment,

with the number of patients and observed pro-

portion of responders per treatment represent-

ing the sampling parameters.

Exploratory post hoc analyses were con-

ducted based on the database snapshot taken

for the primary analysis to dissect the results.

Post hoc analyses included percent change in

PPP ASI from baseline to week 16 versus percent

change in PPP ASI from screening to baseline;

percent change in PPP ASI from baseline to

week 16 in patients with/without improvement

in PPP ASI from screening to baseline; and per-

cent change in PPP ASI from baseline to week 16

in patients with baseline PPP ASI above/below

the median baseline PPP ASI. Further secondary

endpoints and post hoc analyses are listed in

the supplementary material.

Secondary and exploratory binary endpoints

were analyzed using the same methodology

described for the primary endpoint. For each

continuous endpoint, the mean change from

baseline was analyzed using a restricted maxi-

mum likelihood (REML)-based repeated mea-

sures approach. The safety analysis was

conducted descriptively and focused on treat-

ment-emergent AEs.

For all binary endpoints, no response impu-

tation was used to enter missing data. If the data

were available both before and after the visit

with a missing outcome, and indicated a

response, the missing outcome was also impu-

ted as achieving a response; otherwise, no

response was imputed. For patients receiving

rescue medication for PPP prior to the primary

endpoint, all subsequent data post-rescue med-

ication was considered to represent no response.

Skin Samples

After obtaining informed consent, biopsies were

taken from 23 patients from either the palm of

the hand or the sole of the foot, depending on

where the patient exhibited lesions; it was not

required for biopsies to be taken from both

palms and soles. Pustules were not permitted to

be directly biopsied but areas within the lesion

in close proximity to a pustule were permitted.

At day 1, a single 5 mm punch biopsy was taken

from each patient and immediately placed in

RNAlaterTM solution (Ambion Inc.) for RNA

extraction. For each patient, biopsy samples

were taken from the same target lesion or in

close proximity to the target lesion (same

anatomical area).
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Gene Expression Analysis

Gene expression analysis of IL36A, IL36B,

IL36G, and IL36RN from lesional skin biopsy

samples was performed on a subset of 23

patients with PPP at baseline. Gene expression

was analyzed by means of TaqMan polymerase

chain reaction (PCR); all real-time PCRs were

run on the 7900HT Sequence Detection System

(SDS; Applied Biosystems, Foster City, CA, USA).

All samples were run in triplicates, and raw

cycle threshold (Ct) values were calculated

using SDS v.2.4. Fold change of expression was

calculated using the group means as a com-

parator sample for the comparative Ct method

(2-DDct).

RESULTS

Patients

Of the 79 patients screened, 59 were randomly

assigned to either 900 mg (n = 19) or 300 mg

(n = 19) spesolimab, or placebo (n = 21) (Fig. 1).

Baseline demographics and disease characteris-

tics were generally well balanced between

treatment arms. The mean (standard deviation

[SD]) time since first diagnosis was 9.1 (11.3)

years in the overall trial population (Table 1);

this was slightly less in the placebo group

(6.7 [7.0] years) than in the investigational

treatment groups (10.4 [13.0] years) (Table 1).

In total, 43 patients (72.9%) completed trial

medication administration; all patients,

regardless of whether they completed adminis-

tration of all medication as planned, were fol-

lowed until week 32. At week 16, 53 patients

(89.8%) completed the primary endpoint visit

and 47 patients (79.7%) completed the trial

observation period. The rate of premature dis-

continuation was similar in all treatment

groups. The most frequent reasons for discon-

tinuing treatment were AEs (10.2%) or with-

drawal by the patient (10.2%). Six patients

discontinued treatment due to worsening of

disease (n = 3) or lack of improvement (n = 3)

(three in the 900 mg spesolimab dose group and

three in the placebo group). At baseline,

patients reported considerable pain according

to the pain visual analog scale (VAS) across all

groups (Table 1).

Efficacy

At week 16, six of 19 patients (31.6%) in each of

the 900 mg and 300 mg spesolimab dose groups

achieved a PPP ASI50 response; in the placebo

group, five of 21 patients (23.8%) achieved a

PPP ASI50 response. The risk difference versus

placebo was 0.078 (95% CI -0.190, 0.338) for

both spesolimab dose groups (Table 2); thus, the

primary endpoint (PPP ASI50 at week 16) was

not met. Only two randomized patients (one in

the placebo group and one in the 300 mg spe-

solimab group) were IL36RN mutation positive,

and neither of these patients were PPP ASI50

responders at week 16. Four of 19 patients

(21.1%) in the 900 mg spesolimab dose group,

and no patients in the 300 mg spesolimab dose

group, achieved a PPP ASI75 response at week

16; in the placebo group, two of 21 patients

(9.5%) achieved a PPP ASI75 response at week

16 (Table 3). The risk difference versus placebo

was 0.115 (95% CI -0.116, 0.348) for the

900 mg dose group and –0.095 (95% CI -0.289,

0.086) for the 300 mg dose group. The mean

percent change over time in PPP ASI from

baseline is shown in Fig. 2i. At week 16, the

mean percent change in PPP ASI was greatest in

the 900 mg spesolimab dose group (-45.80%

[95% CI -60.75%, -30.85%]), followed by the

placebo group (-39.97% [95% CI -58.22%,

-21.73%]); it was lowest in the 300 mg speso-

limab dose group (-32.74% [95% CI -54.98%,

-10.50%]) (Table 2).

In post hoc analyses, eight patients exhibited

a natural improvement in PPP ASI from

screening to baseline (screening C 1.2 9 base-

line). Analyses excluding these patients

demonstrated larger declines in mean total

PPP ASI in the spesolimab treatment groups

than in the placebo group at each time point up

to week 16 (Fig. 2ii).

Because overall disease severity in the trial

population was lower than anticipated [17–19],

the population was divided into two subgroups:

patients with disease severity at baseline lower

than the median baseline PPP ASI (16.7), and
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patients with disease severity at baseline higher

than the median baseline PPP ASI. In patients

with greater baseline disease severity, the effi-

cacy of spesolimab versus placebo resulted in a

greater change from baseline in PPP ASI (Fig. 3)

and pustular severity (Fig. 4) in patients receiv-

ing spesolimab until week 16.

Safety

Overall, spesolimab was well tolerated, with an

AE profile similar to that of placebo (Table 3).

Through 32 weeks, 16 patients (42.1%) receiv-

ing spesolimab had an investigator-defined

drug-related AE (Table 3); most AEs were graded

as mild or moderate. Two patients had serious

AEs requiring hospitalization: one patient (in

the 300 mg spesolimab group) had idiopathic

abducens paresis (non-drug related), the other

(in the placebo group) had worsening PPP (drug

related). In addition, six patients (two patients

in each arm) had severe AEs (Table 3) (RCTC

grade 3 or 4), including syncope, PPP, gastric

ulcer, and sixth nerve paralysis. Of these, two

were thought to be drug related: one patient in

the 900 mg arm (syncope) and one patient in

the placebo arm (PPP). The most frequently

reported AEs were nasopharyngitis (900 mg:

Fig. 1 Study disposition. *Last treatment administered at visit 10 (week 12). �From the end of treatment until visit 13 (end
of trial)
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Table 1 Baseline demographics and disease characteristics

Placebo
(n = 21)

Spesolimab Total overall
(N = 59)300 mg

(n = 19)
900 mg
(n = 19)

Total
(n = 38)

Sex, n (%)

Female 17 (81.0) 16 (84.2) 16 (84.2) 32 (84.2) 49 (83.1)

Male 4 (19.0) 3 (15.8) 3 (15.8) 6 (15.8) 10 (16.9)

Age, years 46.3 ± 11.7 54.6 ± 7.7 49.4 ± 11.3 52.0 ± 9.9 50.0 ± 10.9

Race, n (%)

White 19 (90.5) 18 (94.7) 19 (100) 37 (97.4) 56 (94.9)

Asian 1 (4.8) 0 0 0 1 (1.7)

Black 1 (4.8) 0 0 0 1 (1.7)

Multiple 0 1 (5.3) 0 1 (2.6) 1 (1.7)

Weight, kg 79.0 ± 15.8 81.3 ± 12.7 76.8 ± 19.2 79.1 ± 16.3 79.0 ± 15.9

BMI, kg/m2 29.0 ± 5.5 29.5 ± 5.2 27.2 ± 5.9 28.4 ± 5.6 28.3 ± 5.5

Smoking status, n (%)

Current 16 (76.2) 13 (68.4) 11 (57.9) 24 (63.2) 40 (67.8)

Former 4 (19.0) 6 (31.6) 8 (42.1) 14 (36.8) 18 (30.5)

Never 1 (4.8) 0 0 0 1 (1.7)

Alcohol status, n (%)

Current 16 (76.2) 11 (57.9) 13 (68.4) 24 (63.2) 40 (67.8)

Former 1 (4.8) 2 (10.5) 1 (5.3) 3 (7.9) 4 (6.8)

Never 4 (19.0) 6 (31.6) 5 (26.3) 11 (28.9) 15 (25.4)

PPP ASI at baseline 18.5 ± 7.6 20.3 ± 6.4 16.9 ± 4.3 18.6 ± 5.7 18.6 ± 6.3

PPP ASI at screening 18.5 ± 7.4 16.5 ± 5.3 16.2 ± 3.9 16.4 ± 4.6 17.1 ± 5.8

Time since first diagnosis of PPP,

years

6.7 ± 7.0 9.5 ± 12.1 11.2 ± 14.0 10.4 ± 13.0 9.1 ± 11.3

PPP PGA, n (%)

4 6 (28.6) 7 (36.8) 4 (21.1) 11 (28.9) 17 (28.8)

3 15 (71.4) 12 (63.2) 15 (78.9) 27 (71.1) 42 (71.2)

Pain VAS 58.8 ± 28.2 58.4 ± 25.4 68.0 ± 23.6 63.2 ± 24.7 61.6 ± 25.8

C-reactive protein, mg/L 4.8 ± 5.5 4.4 ± 2.7 4.3 ± 3.9 4.4 ± 3.3 4.5 ± 4.2

All values are mean ± SD, unless otherwise stated. Safety analysis set
BMI body mass index, PPP palmoplantar pustulosis, PPP ASI Palmoplantar Pustular Psoriasis Area and Severity Index,
PPP PGA Palmoplantar Pustulosis Physician Global Assessment, SD standard deviation, VAS visual analog scale

Dermatol Ther (Heidelb)



42.1%; 300 mg: 26.3%; placebo: 38.1%), head-

ache (31.6%; 21.1%; 33.3%), PPP (15.8%;

10.5%; 19.0%), arthralgia (10.5%; 15.8%; 4.8%),

and cough (10.5%; 15.8%; 4.8%) (Table 3).

Biomarker Analysis

Using RNA sequencing, a substudy comparing

gene expression levels in skin biopsies from the

worst affected areas in patients with a PPP ASI

above the median (16.7; by PPP ASI of the

region of skin where the biopsy was taken;

n = 23) revealed a distinct molecular profile,

with significantly higher expression of IL36A

(p = 0.0301), IL36B (p = 0.0140), and IL36RN

(p = 0.0168) in patients with greater disease

severity compared with those with lower disease

severity (Fig. 5). Higher IL36G expression was

also observed in patients with greater disease

severity compared with those with lower disease

severity, but this difference did not reach sta-

tistical significance at alpha = 0.05 (p = 0.0739).

DISCUSSION

Based on the apparent efficacy of spesolimab in

GPP [27], spesolimab was tested in patients with

PPP in this pilot study. The primary endpoint in

this study, PPP ASI50 at week 16, was not met,

and no significant differences between spesoli-

mab and placebo were observed for the main

secondary endpoints (achievement of PPP ASI75

and percent change from baseline in PPP ASI at

week 16). Overall, PPP ASI declined in all

treatment groups after the start of treatment,

with a faster decline in the spesolimab arms

than in the placebo arm. PPP ASI50 and

PPP ASI75 response rate was numerically higher

in the 900 mg spesolimab group compared with

the placebo group in individuals with disease

severity higher than the median at baseline; this

suggested a potential treatment effect for spe-

solimab, which was further explored in post hoc

analyses.

In post hoc analyses, patients with PPP ASI

above the median at baseline (i.e., greater dis-

ease severity) had a rapid and discernible

improvement in PPP ASI and pustule severity

with both spesolimab doses compared with

placebo. This was not seen in patients with

disease severity below the median PPP ASI at

baseline, suggesting a treatment effect for spe-

solimab in patients with more severe disease.

The safety profile of spesolimab was consis-

tent with earlier data [27], with no new or

Table 2 Efficacy endpoints at week 16

Endpoint Placebo (n = 21) Spesolimab

300 mg (n = 19) 900 mg (n = 19)

Primary

PPP ASI50 responders, n (%)

(95% CI)

5 (23.8)

(10.6, 45.1)

6 (31.6)

(15.4, 54.0)

6 (31.6)

(15.4, 54.0)

Risk difference versus placebo

(95% CI)

0.078 (-0.190, 0.338) 0.078 (-0.190, 0.338)

Secondary

PPP ASI75 responders, n (%)

(95% CI)

2 (9.5)

(2.7, 28.9)

0 (0.0)

(0.0, 16.8)

4 (21.1) (8.5, 43.3)

Mean percent change in PPP ASI

from baseline, % (95% CI)

-39.97 (-58.22, -21.73) -32.74 (-54.98, -10.50) -45.80 (-60.75, -30.85)

95% CIs were calculated using the method of Newcombe–Wilson. Full analysis set, last observation carried forward
CI confidence interval, PPP ASI Palmoplantar Pustular Psoriasis Area and Severity Index
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unexpected safety signals observed. No clini-

cally relevant treatment-emergent safety signals

with spesolimab were identified, adding to pre-

vious safety data from 40 healthy volunteers

(unpublished data) and seven patients with GPP

[27]. All patients had AEs that were graded as

mild or moderate, and no serious AEs were

reported. This finding aligns with the recent

characterization of individuals with IL36R

knockout mutations, resulting in the complete

absence of IL-36R, but without any evidence of

an increased risk of superinfection, or a clini-

cally relevant impact on the innate or adaptive

immune responses [28].

Analysis of gene expression levels in skin

biopsies from the worst affected areas revealed a

distinct molecular profile, characterized by

greater expression of IL-36 pathway markers in

patients with greater disease severity compared

with those with less severe disease. While these

Table 3 Summary of AEs

AE, n (%) Placebo (n = 21) Spesolimab

300 mg (n = 19) 900 mg (n = 19) Total (N = 38)

Any AE 18 (85.7) 17 (89.5) 17 (89.5) 34 (89.5)

Severe AE (RCTC grade 3 or 4) 2 (9.5) 2 (10.5) 2 (10.5) 4 (10.5)

Investigator-defined drug-related AE 9 (42.9) 8 (42.1) 8 (42.1) 16 (42.1)

AE leading to drug discontinuation 3 (14.3) 1 (5.3) 3 (15.8) 4 (10.5)

AE of special interest 0 0 0 0

Serious AE 1 (4.8) 1 (5.3) 0 1 (2.6)

Common AEa

Nasopharyngitis 8 (38.1) 5 (26.3) 8 (42.1) 13 (34.2)

Headache 7 (33.3) 4 (21.1) 6 (31.6) 10 (26.3)

PPP 4 (19.0) 2 (10.5) 3 (15.8) 5 (13.2)

Other reported AE

Acne 0 1 (5.3) 2 (10.5) 3 (7.9)

Arthralgia 1 (4.8) 3 (15.8) 2 (10.5) 5 (13.2)

Cough 1 (4.8) 3 (15.8) 2 (10.5) 5 (13.2)

Alopecia 0 0 2 (10.5) 2 (5.3)

Back pain 1 (4.8) 1 (5.3) 2 (10.5) 3 (7.9)

Lipase increase 1 (4.8) 0 2 (10.5) 2 (5.3)

Myalgia 0 2 (10.5) 0 2 (5.3)

Pruritus 0 0 2 (10.5) 2 (5.3)

Psoriasis 1 (4.8) 0 2 (10.5) 2 (5.3)

AEs were coded using MedDRA v21.1. The AE severity was graded according to RCTC v2.0. Safety analysis set
AE adverse event, MedDRA Medical Dictionary for Drug Regulatory Activities, PPP palmoplantar pustulosis,
RCTC Rheumatology Common Toxicity Criteria
aCommon AEs were reported in C 10% of patients in any treatment group
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Fig. 2 Mean (95% CI) percent change from baseline in
PPP ASI over time in (i) all patients and (ii) patients with
no improvement in PPP ASI from screening to baseline
(screening\ 1.2 9 baseline). Panel (i) shows the mean
(95% CI) percent change from baseline in PPP ASI over
time in all patients, represented as negative percent change
from baseline. The full analysis set was used. Observed
cases were used without imputation of missing data. All
values after intake of medication are excluded. Panel (ii)
shows mean (95% CI) change from baseline in PPP ASI in

patients with no improvement in PPP ASI from screening
to baseline: four patients in the placebo group, one in the
spesolimab 300 mg group, and three in the spesolimab
900 mg group were not included in this analysis. The full
analysis set was used. The last observation carried forward
method was used to impute missing data. CI confidence
interval, PPP ASI Palmoplantar Pustular Psoriasis Area
and Severity Index

Fig. 3 Mean (90% CI) percent change from baseline in
PPP ASI over time in patients with PPP ASI above the
median (16.7) at baseline. Full analysis set, last observation

carried forward. CI confidence interval, PPP ASI Palmo-
plantar Pustular Psoriasis Area and Severity Index
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findings suggest stronger keratinocyte activa-

tion in patients with more severe disease, they

also support the finding that PPP is an

autoinflammatory-driven disease. Together

with the post hoc analysis of spesolimab in

patients with PPP ASI above the median at

baseline, this study suggests that the IL-36

pathway may play an important role in the

pathogenesis of PPP.

Several factors may have contributed to the

lack of a significant treatment effect with spe-

solimab in this trial. Undoubtedly, the relatively

small study size is a limitation, as an effect in a

small number of patients can have a major

impact on overall proportional results, as

revealed by post hoc analyses. It should also be

noted that the majority of the patients enrolled

in this study were obese, white, smoking

females. While a similar demographic has been

analyzed in other European populations, this

may not be representative of the whole PPP

population.

Additionally, the timing of the primary and

secondary endpoints at week 16 may have

coincided with a natural improvement in some

patients with chronic PPP, a disease character-

ized by exacerbations and partial remissions. In

clinical studies of guselkumab and secukinumab

in patients with PPP, observed treatment

responses at week 16 continued to improve to

week 52 [17, 19]. The distinction between dis-

ease activity and treatment effects might have

been hindered by the number of patients with

low disease activity at baseline (compounded by

improvements from screening to baseline),

obscuring observable responses in the trial

population compared with other clinical trials

in PPP [17–19]. In some trials, patients are

excluded if they exhibit improvement between

screening and baseline; this could be addressed

in future trials with spesolimab to stabilize the

variability in disease severity, which could mask

potential treatment effects. Efforts to validate

clinical patient-reported outcomes are currently

underway to combat the variability in disease

severity at baseline.

Post hoc analyses identified several patients

across all three study groups who displayed a

spontaneous improvement in disease activity

between screening and baseline. Thus, patients

with a considerable decline in PPP ASI from

screening to baseline showed higher responses

at week 16, irrespective of the study group,

including with placebo. These patients may

have experienced a spontaneous fluctuation in

their disease course, which is characteristic of

PPP. This observation is important for the

design of future clinical trials in PPP.

Fig. 4 Mean (95% CI) percent change in pustular severity
over time in patients with PPP ASI above the median
(16.7) at baseline. Full analysis set, last observation carried

forward. CI confidence interval, PPP ASI Palmoplantar
Pustular Psoriasis Area and Severity Index
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Thus, the limitations of the current study

include the small sample size, and patient

demographics at enrollment, which are not

typically representative of the wider PPP popu-

lation. In addition, the natural resolution of

disease between screening and baseline could

have masked a treatment effect for spesolimab

in patients with PPP.

Although the primary endpoint was not met

in this study, these results, together with the

gene expression analysis, support the concept

that IL-36 upregulation may be involved in the

pathogenesis of PPP; however, further investi-

gation of targeted inhibition of IL-36R with

spesolimab is required. Indeed, observations

from this study have informed the design of an

ongoing, phase IIb, proof-of-concept, dose-

finding study (ClinicalTrials.gov identifier

NCT04015518) of spesolimab in patients with

PPP.
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