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Efficacy and safety of subcutaneous spesolimab for the
prevention of generalised pustular psoriasis flares
(Effisayil 2): an international, multicentre, randomised,
placebo-controlled trial

Akimichi Morita, Bruce Strober, A David Burden, Siew Eng Choon, Milan | Anadkat, Slaheddine Marrakchi, Tsen-Fang Tsai, Kenneth B Gordon,
Diamant Thagi, Min Zheng, Na Hu, Thomas Haeufel, Christian Thoma, Mark G Lebwohl

Summary
Background Spesolimab is an anti-interleukin-36 receptor monoclonal antibody approved to treat generalised pustular
psoriasis (GPP) flares. We aimed to assess the efficacy and safety of spesolimab for GPP flare prevention.

Methods This multicentre, randomised, placebo-controlled, phase 2b trial was done at 60 hospitals and clinics in
20 countries. Eligible study participants were aged between 12 and 75 years with a documented history of GPP as per
the European Rare and Severe Psoriasis Expert Network criteria, with a history of at least two past GPP flares, and a
GPP Physician Global Assessment (GPPGA) score of 0 or 1 at screening and random assignment. Patients were
randomly assigned (1:1:1:1) to receive subcutaneous placebo, subcutaneous low-dose spesolimab (300 mg loading
dose followed by 150 mg every 12 weeks), subcutaneous medium-dose spesolimab (600 mg loading dose followed by
300 mg every 12 weeks), or subcutaneous high-dose spesolimab (600 mg loading dose followed by 300 mg every
4 weeks) over 48 weeks. The primary objective was to demonstrate a non-flat dose-response curve on the primary
endpoint, time to first GPP flare.

Findings From June 8, 2020, to Nov 23, 2022, 157 patients were screened, of whom 123 were randomly assigned.
92 were assigned to receive spesolimab (30 high dose, 31 medium dose, and 31 low dose) and 31 to placebo. All
patients were either Asian (79 [64%)] of 123) or White (44 [36%]). Patient groups were similar in sex distribution
(76 [62%)] female and 47 [38%] male), age (mean 40-4 years, SD 15-8), and GPP Physician Global Assessment score.
A non-flat dose-response relationship was established on the primary endpoint. By week 48, 35 patients had GPP
flares; seven (23%) of 31 patients in the low-dose spesolimab group, nine (29%) of 31 patients in the medium-dose
spesolimab group, three (10%) of 30 patients in the high-dose spesolimab group, and 16 (52%) of 31 patients in the
placebo group. High-dose spesolimab was significantly superior versus placebo on the primary outcome of time to
GPP flare (hazard ratio [HR]=0-16, 95% CI 0-05-0-54; p=0-0005) endpoint. HRs were 0-35 (95% CI 0-14-0-86,
nominal p=0-0057) in the low-dose spesolimab group and 0-47 (0-21-1-06, p=0-027) in the medium-dose spesolimab
group. We established a non-flat dose-response relationship for spesolimab compared with placebo, with statistically
significant p values for each predefined model (linear p=0-0022, emaxl p=0-0024, emax2 p=0-0023, and
exponential p=0-0034). Infection rates were similar across treatment arms; there were no deaths and no
hypersensitivity reactions leading to discontinuation.

Interpretation High-dose spesolimab was superior to placebo in GPP flare prevention, significantly reducing the risk
of a GPP flare and flare occurrence over 48 weeks. Given the chronic nature of GPP, a treatment for flare prevention
is a significant shift in the clinical approach, and could ultimately lead to improvements in patient morbidity and
quality of life.

Funding Boehringer Ingelheim.
Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

Generalised pustular psoriasis (GPP) is a chronic, rare,
and potentially life-threatening skin condition
characterised by widespread neutrophilic pustules, with
a considerable patient burden.”? The clinical course of
GPP is highly unpredictable, with flares that can be
triggered at any time; inciting factors include infections,
pregnancy, stress, and medication withdrawal.**

Dysregulation of interleukin (IL)-36 signalling has
a key role in GPP pathogenesis. Uncontrolled IL-36
expression by activated keratinocytes induces a self-
perpetuating inflammatory cascade, during which the
induction of chemokines (eg, CXCL1 and CXCLS)
promotes neutrophil infiltration and the formation of
epidermal pustules that are characteristic of GPP.*”
Indeed, loss-of-function mutations in the 1L-36 receptor
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Research in context

Evidence before this study

Generalised pustular psoriasis (GPP) is a potentially life-
threatening chronic skin disease with a mortality rate of 2-16%.
Generalised pustular psoriasis has a highly unpredictable
disease course; however, disease flares can be severe, often
accompanied by systemic symptoms and requiring hospital
admission in about half of cases. Spesolimab, a monoclonal
anti-IL-36R antibody, has been approved for the treatment of
GPP flares. There are currently no approved treatments for flare
prevention in patients with this chronic, lifelong disease.

We searched PubMed for papers published from database
inception to April 14, 2023, using the search terms (generalised
pustular psoriasis OR GPP) AND (flare) AND (prevention), with
no language restrictions. Our search identified five publications,
including a Delphi consensus paper, a survey of dermatologists,
and a literature review. The literature search did not identify
any studies or trials evaluating therapies for flare prevention.

In the Delphi consensus study, almost all panellists (95-100%)
agreed that the prevention of new flares and the sustained
resolution of flare symptoms are key long-term treatment
goals. Moreover, a survey of dermatologists in North America
highlighted that GPP flare prevention was “often a challenge”,
with most patients continuing to experience chronic disease
between flares. Dermatologists report that treatments for
chronic GPP are often inadequate. A review article on GPP
concluded that optimal treatment approaches should be able to
prevent acute flares and disease recurrence; the need for data

(IL-36R) antagonist gene IL36RN have been identified in
21-75% of patients with GPP.*" Prevalence of
IL36RN mutations in the GPP population can vary by
geography and these mutations are most common in
Asian populations.” The immunopathogenic responses
in GPP are distinct from those in plaque psoriasis, which
is largely driven by the IL-23/IL-17 signalling axis.*®
Supporting the pivotal role of IL-36 in GPP, intravenous
administration of the anti-IL-36R monoclonal antibody
spesolimab achieved rapid pustular clearance in patients
experiencing a GPP flare,* leading to its approval for
GPP flare treatment in the USA, Europe, Japan, and
China.”"™

Nevertheless, effective treatments for GPP flare
prevention are still needed. Long-term management of
GPP should focus on disease control and should
ultimately improve patients’ health-related quality of
life.#* However, there are no approved therapies for
GPP flare prevention, and no treatments have been
systematically evaluated for this indication in a global
randomised controlled trial.** Patients with GPP are
prescribed a variety of maintenance therapies, which
are then often discontinued, indicating ineffective long-
term disease management.”” We aimed to assess the
use of spesolimab for flare prevention in patients
with GPP.

on long-term GPP treatments was also stressed. Overall,
evidence before this study points toward a high unmet need for
effective treatments for flare prevention and sustained disease
control, with a favourable safety profile.

Added value of this study

This pivotal study is the first to systematically evaluate a
treatment for GPP flare prevention, and is the largest
multinational trial to date in patients with this rare disease.

Our findings demonstrate the superiority of a high-dose
subcutaneous spesolimab regimen (600 mg loading dose
followed by 300 mg every 4 weeks) over placebo in preventing
GPP flares over 48 weeks. Subcutaneous spesolimab had a
favourable safety profile, with a similar incidence of patients with
adverse events across spesolimab and placebo treatment arms.

Implications of all the available evidence

Existing evidence suggests that IL-36R inhibition is an effective
treatment approach for GPP flares; however, treatment options
for long-term flare prevention is an unmet clinical need.

The results of this study reinforce existing clinical evidence for
the key role of the IL-36 signalling axis in GPP pathogenesis,
and support a new role for subcutaneous spesolimab as a
therapy for flare prevention and improvement of long-term
quality of life. Our findings are particularly pertinent given the
potentially life-threatening nature of GPP flares, and the
pressing need for effective long-term clinical management.

Methods

Study design

We conducted this pivotal, multicentre, randomised,
placebo-controlled, phase 2btrial at 60 hospitals and clinics
across 20 countries. (A full list of trial investigators and
study sites is given in the appendix [p 2]). The study was
approved Dby ethics committees of participating
institutions and countries.

Patients

Eligible study participants were aged between
12 and 75 years with a documented history of GPP as per
the European Rare and Severe Psoriasis Expert Network
criteria,® with a history of at least two past GPP flares,
and a GPP Physician Global Assessment (GPPGA) score
of 0 or 1 at screening and random assignment. Patients
not on concomitant GPP treatment at randomisation
must have had at least two moderate-to-severe flares in
the past year, with at least one associated with fever,
elevated C-reactive protein level, elevated white blood cell
count, asthenia, or myalgia. Patients not receiving
concomitant GPP treatment at random assignment but
on concomitant GPP treatment until 12 weeks or less
before random assignment must have had a history of
flaring during treatment or following dose reduction or
treatment discontinuation. Patients on concomitant GPP
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treatment with retinoids, methotrexate, or cyclosporine
were eligible for inclusion, but treatment had to be
stopped at random assignment. These patients must
have also had a history of flaring while on concomitant
treatment for GPP or after dose reduction or
discontinuation of concomitant medication. Details of
inclusion and exclusion criteria and restricted
medications are given in the appendix (pp 3-7). Patients
self-reported their sex data from the options female or
male. Important protocol deviations are provided in the
appendix (p 8). Eligible patients were screened and
recruited at the discretion of participating investigators.
All patients provided written informed consent, and
confidentiality agreements were in place between authors
and Boehringer Ingelheim.

Randomisation and masking

Patients with a history of GPP were randomly
assigned (L:1:1:1) to receive high-dose spesolimab,
medium-dose spesolimab, low-dose spesolimab, or
placebo. The three doses were selected to test a range of
exposures to spesolimab and evaluate the dose-response
relationship. Subjects and investigators were masked to
dose and treatment group. Patients were randomly
assigned by use of an interactive response technology
system, and randomisation was stratified by a
stratification factor (concomitant use of systemic GPP
medications at randomisation [yes wvs no]) and
two blocking factors (region [Japan vs non-Japan] and
population [adults vs adolescents]). Block randomisation
ensured an even distribution of patients across the region
and population groups; these blocking factors were not
used as stratification factors for data analysis.
Participants, hospital staff, investigators, and data
managers were masked to treatment group. Placebo
solution for injection was prepared to match spesolimab,
and was presented in an identical, pre-filled syringe.

Procedures

Patients received either subcutaneous placebo loading
dose followed by maintenance placebo every 4 weeks,
subcutaneous spesolimab 300 mg loading dose followed
by 150 mg every 12 weeks (low dose), subcutaneous
spesolimab 600 mg loading dose followed by 300 mg
every 12 weeks (medium dose), or subcutaneous
spesolimab 600 mg loading dose followed by 300 mg
every 4 weeks (high dose; appendix p 12). Patients received
their last study treatment at week 44 and were followed up
to week 48. Blood samples were collected at the visit at
which they received their first loading dose, and
genotyping was done centrally by the sponsor. Patients
experiencing a GPP flare within the randomised
treatment period (defined as a GPPGA pustulation
subscore of =2 and an increase in the GPPGA score of =2)
received treatment with 900 mg of open-label intravenous
spesolimab. Patients with persistent flare symptoms
1 week after the first open-label treatment could receive
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an optional second intravenous 900 mg dose of
spesolimab. After 12 weeks, patients with a response to
open-label spesolimab could receive 300 mg of open-label
subcutaneous spesolimab every 12 weeks as open-label
maintenance treatment (appendix p 12) with the option to
escalate to every 4 weeks. Patients who completed the trial
to week 48 could also enter an open-label extension study
of spesolimab in patients with GPP (NCT03886246). For
those who did not agree or were not eligible to enter the
open-label extension, there was a 16-week safety follow-up
period. Full details of the Effisayil 2 trial design have been
published previously.”

Outcomes

The primary endpoint was time to first GPP flare by
week 48; the key secondary endpoint was the occurrence
of atleast one GPP flare by week 48 (measured as a binary
outcome, ie, flare vs no flare). Other secondary endpoints
included time to worsening (defined as an increase of
four points from baseline for each score) of the Psoriasis
Symptom Scale (PSS) and Dermatology Life Quality
Index (DLQI) up to week 48, and the occurrence of
adverse events by week 48.

The primary trial objective was to demonstrate a non-
flat dose-response curve on the primary endpoint. If the
study met the primary objective, the secondary objective
would be analysed to assess the potential superiority of
high-dose or medium-dose spesolimab over placebo, on
the primary and key secondary endpoints. Adverse events
were assessed by the investigator and recorded in the
patient’s case report form. The investigator reported
serious adverse events (SAEs) using the sponsor SAE
form within 24 h. On specific occasions, the investigator
could inform the sponsor via telephone; however, this
did not replace the requirement to complete and send the
SAE form. All adverse events (serious and non-serious)
were to be followed up until they had resolved, were
assessed as chronic or stable, or no further information
could be obtained. The investigator was to keep detailed
records of all adverse events in the patient files. For the
assessment of laboratory parameters, blood and urine
samples were collected by the trial site at all visits
(patients did not have to fast). Laboratory tests were done
at a central laboratory, and reports were sent to the
investigator for their evaluation. Findings that were
judged as abnormal by the investigator could be reported
as adverse events.

Statistical analysis

Based on multiplicity-adjusted success probability
analyses, a sample size of 120 patients was selected so
that a power of at least 90% could be achieved for at least
one successful dose of spesolimab (high or medium
dose) versus placebo on the primary and key secondary
endpoints. For the primary objective, the dose-response
relationship was assessed by use of a multiple comparison
procedure with modelling techniques (MCPMod), using
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157 patients enrolled

v

34 not randomly assigned
28 did not meet randomisation criteria

6 withdrew
31assigned to and received 31 assigned to and received 30 assigned to and received 31assigned to and received
low-dose spesolimab medium-dose spesolimab high dose-dose spesolimab placebo

1 stopped spesolimab : 3 stopped spesolimab : 7 stopped spesolimab : 2 stopped placebo :
for reasons other H for reasons other H for reasons other H for reasons other H
than flare treatment : than flare treatment : than flare treatment : than flare treatment :
> H ] H > H P H
1 other reason H 1 adverse event H 3 adverse events H H
' 1due to lack of efficacy ' 1 withdrew ' '
H 1 withdrew H 3 other reasons H H
7 switched to _ _E 8 switched to <« _E 2 switched to <« _E 15 switched to <« _E
flare treatment flare treatment flare treatment flare treatment
: 1stopped : : 1stopped
' flare ' H flare
;"» treatment |73 ' E"» treatment |77}
H 1 H H H 1other E
H withdrew E H H reason H
P b . E P S . P : 5
A 4 v v v v
2 started 4 did not start V 5 started 3 did not start 1 started 1did not start 12 started 2 did not start E
open-label open-label H open-label open-label open-label open-label open-label open-label E
maintenance maintenance : maintenance maintenance maintenance maintenance maintenance maintenance H
treatment treatment H treatment treatment treatment treatment treatment treatment
E 1 stopped f 1 stopped E E 1 stopped E
: open-label : open-label : : open-label H
Loyl mainten- : mainten- : Lol mainten-
! ance : ancedue ! ! ance dueto H
H due to lack H to adverse H H lack of H
: of efficacy ' event : : efficacy :
23 completed 48-week H 20 completed 48-week 21 completed 48-week 14 completed 48-week :
maintenance : maintenance maintenance maintenance H
q treatment P treatment > treatment > treatment
without flare ! without flare without flare without flare :
4 discontinued 3 discontinued 4 discontinued 1discontinued
|  2withdrew |  1withdrew |  1withdrew |  1withdrew
2 other reasons 2 other reasons 3 other reasons
N A N
27 completed trial 28 completed trial 26 completed trial 30 completed trial
24 continued to 23 continued to 20 continued to 26 continued to
rollover trial rollover trial rollover trial rollover trial

Figure 1: Patient assignment and follow-up

Patients who entered the rollover trial might not have received the first dose of spesolimab in that trial at the time of Effisayil 2 database lock. In the high-dose spesolimab group, seven patients
discontinued treatment with spesolimab: three adverse events (breast cancer, worsening of psoriasis vulgaris, and pustular psoriasis), one patient withdrew, and three patients each had other reasons
(could not comply with study visit, pregnancy, and use of other medication [acitretin] to treat chronic plague psoriasis). No pattern with regard to the reason(s) for discontinuations was observed.

A patient randomly assigned to the placebo group who accidentally received a single dose of spesolimab 150 mg on day 1 was assigned to the spesolimab low-dose group for the analyses of exposure
and safety.
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log hazard ratios [HRs] of each spesolimab dose versus
placebo derived from a Cox regression model on the time
to first GPP flare. MCPMod analyses were done with
R (version 4.1.1) using the DoseFinding package.**' Once
a non-flat doseresponse was established, formal
statistical hypothesis testing was done on the superiority
of high dose or medium dose versus placebo on the
primary endpoint using a stratified log-rank test (overall
one-sided a=0-025); multiplicity was controlled by the
truncated Hochberg procedure (appendix p 13). If the
test on the primary endpoint was successful for at least
one dose group, the key secondary and other endpoints
would be subsequently tested in a hierarchical manner.
The key secondary endpoint was analysed using a
Cochran-Mantel-Haenszel test. Analyses for all endpoints
were stratified by the concomitant use of systemic GPP
medications at random assignment. Any use of flare
treatment with open-label intravenous spesolimab or
other investigator-prescribed medication to treat GPP
worsening was considered a GPP flare event; all reported
p values are one-sided. For primary and secondary time-
to-event endpoints, patients with missing data were
censored. Missing data for patients who discontinued
maintenance treatment were thoroughly reviewed; there
were no observed trends regarding reasons for
discontinuation. Missing data were censored assuming
non-informative censoring. For the key secondary
endpoint, missing data were imputed by a sequential
regression multiple imputation method for patients with
no flare by week 48.%** The efficacy analyses included all
randomly assigned patients; the safety analyses included
all patients who were randomly assigned and received at
least one treatment dose. The trial was done in accordance
with the trial protocol, the International Council for
Harmonisation Good Clinical Practice guidelines,
Regulation number 536/2014 (EU), the Japanese Good
Clinical Practice regulations, and applicable local
regulations. This trial is registered with ClinicalTrials.
gov, NCT04399837.

Role of the funding source

The funder of the study, Boehringer Ingelheim, designed
the trial, analysed the data, provided spesolimab and
placebo, and paid for professional writing assistance. The
senior author wrote the manuscript first draft. Academic
authors were not restricted by the sponsor in publishing
trial results and were not paid for manuscript development.

Results

From June 8, 2020, to Nov 23, 2022, 157 patients were
screened, of whom 123 were randomly assigned. Of
these, 31 patients were assigned to receive placebo, 31 to
receive low-dose spesolimab, 31 to receive medium-dose
spesolimab, and 30 to receive high-dose spesolimab
(figure 1 and table 1). At week 48, 30 patients in the
placebo group, 27 patients in the low-dose spesolimab
group, 28 patients in the medium-dose spesolimab
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was based on the investigator’s clinical investigation at enrolment.

Data are n (%) or mean (SD). DLQI=Dermatology Life Quality Index. GPP=generalised pustular psoriasis.
GPPASI=Generalised Pustular Psoriasis Area and Severity Index. GPPGA=Generalised Pustular Psoriasis Physician Global
Assessment. IL36RN=interleukin-36 receptor antagonist gene. PSS=Psoriasis Symptom Scale. *IL36RN mutation status

Spesolimab Placebo
(n=31)
Low (n=31)  Medium High (n=30)
(n=31)

Sex

Female 20 (65%) 20 (65%) 18 (60%) 18 (58%)

Male 11 (35%) 11 (35%) 12 (40%) 13 (42%)
Race

Asian 20 (65%) 21 (68%) 21 (70%) 17 (55%)

White 11 (35%) 10 (32%) 9 (30%) 14 (45%)
Age, years 389(165)  42:9(167) 40-2(164)  39-5(14-0)
BMI, kg/m’ 26-9(7-2) 27-4(8-8) 25:6 (7-3) 26-9(8-3)
GPPASI total score 3.03(348) 312(416) 392(442)  311(2:81)
GPPGA total score

0 2 (6%) 8 (26%) 3(10%) 4 (13%)

1 29 (94%) 23 (74%) 27 (90%) 27 (87%)
PSS total score 41(3-8) 39(29) 53(3-8) 36(29)
DLQI total score 7-6 (6:7) 66 (5:6) 11-1(6-9) 7-2(5:6)
IL36RN mutation

Yes 7(23%) 10 (32%) 7 (23%) 4 (13%)

No 17 (55%) 15 (48%) 19 (63%) 22 (71%)

Unknown* 7 (23%) 6 (19%) 4 (13%) 5(16%)
Concurrent plaque psoriasis at baselinet

Yes 10 (32%) 7(23%) 7(23%) 10 (32%)

No 21 (68%) 24 (77%) 23 (77%) 21 (68%)
Use of at least one systemic medication for 25 (81%) 23 (74%) 22 (73%) 22 (71%)
GPP (discontinued before randomisation)
Historical use of at least one biologic therapy 5 (16%) 8 (26%) 6 (20%) 9 (29%)
Historical number of flares per year 2:7(2-3) 1.9 (0-9) 2-4(1.9) 2:4(1-2)
Time since first diagnosis

<1year 5 (16%) 4 (13%) 4(13%) 3(10%)

>1to <5years 6 (19%) 9 (29%) 9 (30%) 10 (32%)

>5to <10 years 6 (19%) 8 (26%) 8 (27%) 7 (23%)

>10years 14 (45%) 10 (32%) 9 (30%) 11 (35%)

was unknown for patients from whom no blood sample was obtained. tThe presence of concurrent plaque psoriasis

Table 1: Patient demographics and baseline characteristics

group, and 26 patients in the high-dose spesolimab
group completed the trial; a total of 93 patients were
enrolled in the OLE trial (figure 1). Reasons for patient
discontinuation from the trial are also detailed in figure 1;
no pattern with respect to the reason(s) for
discontinuation between treatment arms was observed.
All patients were either Asian (79 [64%] of 123) or
White (44 [36%]). 76 (62%) patients were female and
47 (38%) were male. Mean age was 40-4 years (SD 15-8).
Patient groups were similar in mean GPPGA score. The
high-dose spesolimab group had higher mean
Generalized Pustular Psoriasis Area and Severity Index
(GPPASI 3.92; SD 4.42), PSS (5-3; 3-8), and
DLQI (11-1; 6-9) scores at baseline relative to other
treatment arms (GPPASI range 3-03 [SD 3-48] to
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Hazard ratio versus placebo

(95% Cl), one-sided p value

Spesolimab medium dose
0-47 (0-21-1-06), p=0-027*

Spesolimab low dose

035 (0-14-0-86), p=0-0057t
Spesolimab high dose

0-16 (0-05-0-54), p=0-0005

Number at risk

Placebo

Spesolimab low dose
Spesolimab medium dose

31 23 20 20
31 29 25 24
31 29 25 24

A P10 P25  Median
(weeks) (weeks) (weeks)
104 —— Placebo 1.9 33 373
® 94 —— Spesolimab low dose 41 nc nc
M 9 — Spesolimab medium dose ~ 4-1 17-0 nc
§ 0.8 —— Spesolimab high dose nc nc nc
8
Ey
o 077
&
o 064
[C]
\E 0-5-
ha
o]
2 04-
£
8 03
S 03]
3 r
51
2 0-2
£
g 01
0 T T T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52

Time from first dose (weeks)

19 17 17
24 24 24
24 21 21

17 17 16 15 15 11
24 24 24 24 24 21
21 21 21 21 21 14

Spesolimab high dose 30 26 26 26 26 26 25 24 23 22 22 22 18
B
100 Risk difference -0-31 Risk difference -0-23 Risk difference -0-39
(95% C1-0-54t0-0-08),  (95% CI-0-46t0 0-01), (95% Cl-0-62 t0 -0-16),
< £ g0 p=0-0068+ p=0-0358+ p=0-0013
R
2%
2 % 60 I
S S
5 2
58 4 I oL
=]
88 I
€5 20 297
N 22:6
0 T T T 1
Spesolimab low dose  Spesolimab medium dose  Spesolimab high dose Placebo
n$/N 7131 9/31 3/30 16/31

Figure 2: Primary and key secondary endpoints

(A) Kaplan-Meier plot showing the estimated probability of a first GPP flare over 48 weeks for all treatment groups. The use of medication with intravenous open-
label spesolimab or other investigator-prescribed medication was considered to be a GPP flare. (B) Proportion of patients with at least one GPP flare up to week 48.
The horizontal dashed line represents the proportion of patients with at least one GPP flare up to week 48 in the placebo group (51-6%). A multiple imputation
method for binary endpoints with monotone missing assessments using sequential logistic regression method was used. The stratified Cochran-Mantel-Haenszel
test was done for each dose of spesolimab versus placebo, stratified by use of systemic GPP medication at random assignment. GPP=generalised pustular psoriasis.
nc=not calculable. P10=estimated probability of first GPP flare=0-1. P25=estimated probability of first GPP flare=0-25. *Not significant. Not tested (statistical
significance was not seen in previous families in the statistical testing hierarchy). Before imputation.

3-12[4-16], PSS range 3-6 [2-9] to 4-1[3-8]; DLQI range,
6-6 [5-6] to 7-6 [6-7]; table 1). A smaller proportion of
patients in the placebo group had an IL36RN mutation
(four [13%] of 31) than in the spesolimab groups
(seven [23%)] of 31 in the low-dose group; ten [32%] of 31
in the medium-dose group; seven [23%)] of 30 patients in
the high-dose group).

By week 48, 35 patients had GPP flares; seven (23%) of
31 patients in the low-dose spesolimab group, nine (29%)
of 31 patients in the medium-dose spesolimab group,
three (10%) of 30 patients in the high-dose spesolimab
group, and 16 (52%) of 31 patients in the placebo group
(appendix p 10). For the primary outcome, we

established a non-flat dose-response relationship for
spesolimab compared with placebo, with statistically
significant p values for each predefined model
(linear p=0-0022, emaxl p=0-0024, emax2 p=0-0023,
and exponential p=0-0034; appendix p 9).

For the secondary trial objective, high-dose spesolimab
showed statistically significant improvement versus
placebo on the primary endpoint, time to GPP flare
(HR 0-16, 95% CI 0-05-0-54; p=0-0005, a=0-0125
available based on the truncated Hochberg procedure;
appendix p 10). The estimated probability of developing
a GPP flare began to diverge between the spesolimab
and placebo treatment arms shortly after random
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Hazard ratio versus placebo
(95% Cl), one-sided p value

Spesolimab medium dose
0-56 (0-28-1-10), p=0-052*

Spesolimab low dose

0-46 (0-22-0-95), p=0-0079*

Spesolimab high dose
0-42 (0-20-0-91), p=0-013t

Number at risk
Placebo 31 23 19 17 16 13 13
Spesolimab low dose 31 28 22 20 20 20 19
Spesolimab mediumdose 31 28 23 21 19 17 17
Spesolimab high dose 30 24 21 19 18 18 17
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Figure 3: Other secondary endpoints

(A) Kaplan-Meier plot showing the estimated probability of a first worsening of PSS score. (B) Kaplan-Meier plot showing the estimated probability of a first
worsening of DLQI score. For both scores, worsening was defined as a 4-point increase in total score from baseline. The use of intravenous open-label spesolimab or
other investigator-prescribed medication was considered to be an event. DLQI=Dermatology Life Quality Index. nc=not calculable. P10=estimated probability of first
GPP flare=0-1. P25=estimated probability of first GPP flare=0-25. PSS=Psoriasis Symptom Scale. *Not tested (statistical significance was not seen in previous families

in the statistical testing hierarchy). tNot significant.

assignment and was sustained up to week 48 (figure 2A).
There were no flares in the high-dose spesolimab group
after the first 300 mg subcutaneous dose at week 4. The
medium dose of spesolimab did not reach statistical
significance versus placebo on the primary endpoint
(p=0-027) as per the prespecified a of 0-019. Therefore,
formal testing on subsequent secondary endpoints was
done only for the high-dose group, with an allocated
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a of 0-0063 (appendix p 13). HRs were 0-35
(95% CI 0-14-0-86; nominal p=0-0057) in the low-dose
spesolimab group and 0-47 (0-21-1-06; p=0-027) in the
medium-dose spesolimab group (figure 2A and
appendix p 10).

Primary endpoint data for patients with and without
an IL36RN mutation are shown in the appendix (pp 16-18).
For patients with an IL36RN mutation, zero patients in

1547



1548

Spesolimab Placebo (n=30)*
Low (n=32) Medium (n=31) High (n=30) Total (n=93) n (%) Ratet
n (%) Ratef n (%) Ratef n (%) Ratet n (%) Ratef
Any adverse event 29(91%) 3987 29 (94%) 4110 26 (87%) 3382  84(90%) 3815 26(87%) 4145
Severe adverse event: RCTC grade 3 or 4 6 (19%) 254 7 (23%) 316 5(17%) 217 18 (19%) 262 7(23%) 456
Investigator-defined drug-related adverse 14 (44%) 86-7 11 (35%) 650 12 (40%) 76-2 37 (40%) 75-8 10 (33%) 74-9
event
Adverse event leading to discontinuation of 0 0 2 (6%) 89 3(10%) 129 5(5-4%) 71 0 0
study drug
Serious adverse eventf 5(16%) 212 1(3%) 4-4 3(10%) 128 9 (10%) 12.9 1(3%) 58
Adverse events resulting in death 0 0 0 0 0 0 0 0 0 0
Most common adverse events§

Skin and subcutaneous tissue disorders 17 (53%) 897 20 (65%) 1274  13(43%) 695  50(54%) 937  22(73%) 1922
Pustular psoriasis 10 (31%) 419 10 (32%) 47-2 3(10%) 127 23 (25%) 335 16 (53%) 95-8
Psoriasis 4(13%) 180 5(16%) 242  4(13%) 180 13(14%) 200  3(10%) 199

Infections and infestations 12 (38%) 71.0 11 (35%) 641 8 (27%) 405 31(33%) 57-6 10 (33%) 75-2
Upper respiratory tract infection 3(9%) 128 6 (19%) 30-2 0 0 9 (10%) 13-4 4 (13%) 249
COVID-19 2(6%) 84 1(3%) 44 3(10%) 138  6(6%) 88  1(3%) 5.9
Urinary tract infection 1(3%) 41 0 0 4(13%) 180 5 (5%) 72 0 0

General disorders and administration site 9(28%) 459 8(26%) 436 8(27%) 448  25(27%) 448 3(10%) 191

conditions
Injection-site erythema 4 (13%) 187 4 (13%) 193 5 (17%) 247 13 (14%) 20-8 1(3%) 61

Investigations 9(28%) 489 5(16%) 243 5(17%) 242  19(20%) 318  6(20%) 432
Blood creatine phosphokinase increased 4 (13%) 17-9 1(3%) 44 0 0 5(5%) 73 2(7%) 121

Musculoskeletal and connective tissue 5(16%) 233 3 (10%) 145 5 (17%) 227 13 (14%) 203 3(10%) 182

disorders
Arthralgia 4(13%) 176 1(3%) 46 3(10%) 133 8(9%) 119 1(3%) 60

RCTC=Rheumatology Common Toxicity Criteria. *A patient randomly assigned to the placebo group who accidentally received a single dose of spesolimab 150 mg on day 1
was assigned to the spesolimab low-dose group for the analyses of exposure and safety. tPer 100 patient-years. $Serious adverse events in patients receiving spesolimab
were hypertensive encephalopathy, encephalitis viral, pneumonia, skin bacterial infection, angioedema, drug eruption, palpitations, breast cancer, cholelithiasis, and pustular
psoriasis. Of note, hypertensive encephalopathy was a differential diagnosis of viral encephalitis in the same patient. One patient receiving placebo had multiple sclerosis.
SMost common adverse events are those occurring in at least 10% of patients in any trial group, by preferred term.

Table 2: Summary of adverse events within the randomised treatment period up to the first dose of spesolimab

the high-dose spesolimab group had a flare, compared
with three (75%) of four patients in the placebo group
(HR 0-04, 95% CI 0-00-1-15). For patients without an
IL36RN mutation, three (16%) of 19 patients in the high-
dose spesolimab group had a flare, compared with
nine (41%) of 22 patients in the placebo group (0-41,
0-11-1-54).

Analysis of the key secondary endpoint revealed risk
differences for the occurrence of a GPP flare compared
with placebo over 48 weeks of —0-31(95% CI—0- 54to—0- 08,
nominal p=0-0068) for low-dose spesolimab, —0-23
(-0-46 to 0-01, nominal p=0-036) for medium-dose
spesolimab, and —0-39 (-0-62 to —0-16, p=0-0013) for
high-dose spesolimab (figure 2B and appendix p 10). Using
a one-sided a of 0-0063 (adjusted for multiplicity), high-
dose spesolimab showed statistically significant improve-
ment over placebo on the key secondary endpoint
(p=0-0013).

Spesolimab reduced the risk of PSS worsening over
48 weeks compared with placebo, as demonstrated by
HRs of 0-46 (95% CI 0-22-0-95, nominal p=0-0079) for
the low-dose regimen, 0-56 (95% CI 0-28-1-10,

nominal p=0-052) for the medium-dose regimen, and
0-42 (0-20-0-91, p=0-013) for the high-dose regimen
(figure 3A and appendix p 11). A smaller proportion of
patients in the low-dose (12 [39%] of 31), medium-dose
(14 [45%)] of 31), and high-dose (ten [33%] of 30)
spesolimab groups reported a worsening of their PSS
score compared with placebo (20 [65%] of 31; figure 3A
and appendix p 11). High-dose spesolimab did not pass
the significance threshold for superiority (a=0-0063) for
time to worsening of PSS (p=0-013) and no further
testing was done. Spesolimab reduced the risk of DLQI
worsening over 48 weeks, with HRs versus placebo of 0- 58
(95% CI 0-30-1-14, nominal p=0-043) for the
low-dose group, 0-60 (0-31-1-17, nominal p=0-048)
for the medium-dose group, and 0-26 (0-11-0-62,
nominal p=0-0010) for the high-dose group (figure 3B
and appendix p 11).

A similar proportion of patients receiving spesolimab
(84[90%] of 93) and placebo (26 [87%)] of 30) experienced
an adverse event; adverse event incidence was similar
across spesolimab dose groups and did not follow a
dose-dependent pattern (table 2). Patients receiving
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spesolimab (total of all doses) and placebo had a similar
incidence of severe adverse events (18 [19%] of
93 vs seven [23%] of 30) and investigator-defined drug-
related adverse events (37 [40%] of 93 vs ten [33%] of
30). There were no adverse events resulting in death
and adverse events were mostly non-serious and non-
severe. The most common adverse events were
pustular psoriasis (23 [25%] of 93 patients receiving
spesolimab vs 16 [53%] of 30 patients receiving
placebo), psoriasis (13 [14%)] vs 3 [10%]), and injection-
site erythema (13 [14%] vs one [3%)]). Infection rates
were similar across treatment groups. A greater
proportion of patients receiving spesolimab
experienced SAEs compared with those receiving
placebo (nine [10%] of 93 vs one [3%] of 30); serious
adverse events did not follow a dose-dependent pattern
with spesolimab. SAEs reported in the high-dose
spesolimab group were pustular psoriasis, breast
cancer, and cholelithiasis (one patient each). There
were no hypersensitivity reactions leading to treatment
discontinuation.

Discussion

This is the first randomised, placebo-controlled trial to
evaluate the efficacy and safety of a treatment for GPP
flare prevention. Our findings support existing clinical
evidence for the key role of IL-36 signalling in GPP
pathogenesis.®* Intravenous spesolimab has been
shown to treat flares effectively.” This study is the first to
support a new role for subcutaneous spesolimab as
a prevention therapy for GPP flares. These findings are
particularly pertinent given the chronic nature of the
disease and that sustained pustular clearance is a key
long-term goal for effective clinical management of
patients with GPP.**

In this trial, a non-flat dose-response relationship was
shown for three doses of spesolimab versus placebo on
time to first GPP flare, achieving the primary trial
objective. High-dose spesolimab was superior to placebo
in preventing flares on the primary and key secondary
endpoints. Statistical significance cannot be claimed for
the remaining tests, although small nominal p values
were observed for the reduced risk of quality of life
deterioration. The enhanced efficacy in the high-dose
group could indicate that sustained IL-36R inhibition
requires maintenance of a high threshold level of
spesolimab. We hypothesise that, because spesolimab
works by blocking the IL-36R rather than the cytokine
itself, a higher injection frequency (eg, every 4 weeks
rather than every 12 weeks) might be required to ensure
continual receptor inhibition and sustained downstream
effects. A higher rate of treatment discontinuation was
observed in the high-dose group compared with the low-
dose and medium-dose groups; however, reasons (which
included breast cancer, pregnancy, and patient
withdrawal) were predominantly unrelated to spesolimab
treatment. Overall, the safety profile of spesolimab was
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favourable;* the infection rate was similar across
treatment arms, and there was no indication of increased
rates with a higher dose. There were no adverse events
resulting in death, and no hypersensitivity events leading
to treatment discontinuation.

High-dose spesolimab was effective at preventing GPP
flares in patients with and without IL36RN mutations,
although the small sample sizes should be noted. These
data suggest that there is clinical benefit to continuous
spesolimab treatment for flare prevention, independent
of IL36RN mutation status. Given the chronic and
potentially life-threatening nature of the disease, and the
high rate of patient hospital admission, there is a need
for continuous systemic treatment for GPP flare
prevention. The decision for treatment should be based
on informed conversation between physician and patient.
The ongoing 5-year OLE study will provide further data
on long-term management of patients with GPP.

This study was limited by the small sample size.
Although sample size is a common challenge in rare
diseases, this trial is the largest study in patients with GPP
to date, and effect sizes were large. As patients receiving
placebo were treated with open-label spesolimab following
a GPP flare, flare frequency over time could not be
assessed; however, the use of rescue medication was
crucial, given the potentially life-threatening nature of
GPP flares. Although baseline GPPASI, PSS, and DLQI
scores were higher in the high-dose spesolimab group,
indicating marginally more severe disease at random
assignment, large effect sizes suggest that this imbalance
is unlikely to have affected results greatly. One limitation
of this study is the high representation of Asian and
European participants. The racial demographics in this
study are probably due to both the epidemiology of GPP
and the locations in which the trial was conducted. Studies
have shown that there is a higher prevalence of GPP in
Asia than in Europe, with specific disease mutations
focused on certain geographies.?? Of the 60 study sites that
randomly assigned patients, most were in Asia and
Europe, with fewer sites located in Africa (Tunisia) and
North and South America. The feasibility of study sites in
South Africa was considered, but no patients were
recruited at these sites. This study might not have fully
captured the diversity of patients worldwide, but it remains
the largest multinational trial in patients with GPP.

High-dose spesolimab significantly reduced the risk of
flare occurrence over 48 weeks, with a reassuring safety
profile. A greater proportion of patients receiving high-
dose spesolimab discontinued treatment, largely due to
reasons unrelated to drug treatment. Although larger
trials are challenging for a disease as rare as GPP, trials
of longer duration, such as the ongoing 5-year OLE trial,
will further investigate the long-term efficacy and safety
of spesolimab.
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