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Abstract
Background and Objective The interleukin-36 signalling pathway is associated with pathogenesis of a number of inflammatory 
diseases. Spesolimab is a selective, humanised, IgG1 antibody that targets the interleukin-36 receptor. We aimed to evaluatethe 
pharmacokinetics, safety and tolerability of single and multiple doses of spesolimab in healthy non-Japanese and Japanese subjects.
Methods Five phase I clinical studies (three placebo-controlled dose-escalation, two open-label) were conducted in healthy volun-
teers; single or multiple doses of spesolimab were administered by intravenous infusion or subcutaneous injection. Plasma samples 
were collected to investigate the pharmacokinetics of spesolimab and evaluate changes with respect to dose, frequency of dosing, 
formulation and injection site. Immunogenicity, safety and tolerability were also assessed.
Results Intravenous spesolimab exhibited target-mediated drug disposition at low doses (0.01–0.3 mg/kg) and linear kinetics at 
doses ≥ 0.3 mg/kg. Steady state was not attained after the fourth weekly dose because of the long half-life (3–5 weeks). Bioavail-
ability of subcutaneous spesolimab increased with increasing dose over the range of 150–600 mg and was higher when administered 
to the thigh than to the abdomen. The pharmacokinetic profile was consistent between Japanese and non-Japanese subjects. Positive 
anti-drug antibody responses occurred during the terminal phase of the spesolimab concentration–time profile in 26.7–33.3% and 
16.7–37.5% of subjects receiving intravenous and subcutaneous spesolimab, respectively. The impact of anti-drug antibodies on 
spesolimab pharmacokinetics was low in healthy volunteers, with the impact on spesolimab plasma concentrations only observed 
in a few subjects at higher titres (≥ 11,400). No serious adverse events were reported; intravenous doses up to 1200 mg were  
well tolerated in healthy volunteers.
Conclusions The pharmacokinetic profile and safety data obtained from these phase I clinical studies have been used to guide 
spesolimab dosing in clinical studies of patients with interleukin-36-mediated diseases.
Clinical Trial Registration For Studies 1–5, NCT02525679, NCT02852824, NCT03100903, NCT03123094, NCT03617835.
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Key Points 

Spesolimab demonstrated linear pharmacokinetics over the 
dose range of 0.3–20 mg/kg and had a long half-life of 3–5 
weeks.

Spesolimab was well tolerated at clinically relevant doses.

1 Introduction

Interleukin (IL)-36 belongs to the IL-1 pro-inflammatory 
cytokine family and includes three pro-inflammatory ago-
nists, IL-36α, IL-36β and IL-36γ, and an IL-36 receptor 
(IL-36R) antagonist [1–3]. The IL-36 signalling pathway 
is associated with the pathogenesis of several inflammatory 
diseases, including dermatological disorders such as gen-
eralized pustular psoriasis (GPP), palmoplantar pustulosis, 
allergic contact dermatitis, atopic dermatitis and hidradeni-
tis suppurativa, in addition to inflammatory bowel disease 
[1–18].

Spesolimab (BI 655130) is a selective, humanised IgG1 
antibody that blocks agonists binding to IL-36R [2]. Bind-
ing of spesolimab to IL-36R modulates the activation of 
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downstream effector pro-inflammatory cytokines impli-
cated in the pathogenesis of GPP, including tumour necrosis 
factor-α, IL-17, IL-23, IL-1β and IL-8 [2, 18]. Blockade of 
the IL-36 pathway with spesolimab has a rapid biological 
effect, normalising cytokine signalling, immune cell activa-
tion and neutrophil recruitment, and inhibiting hyperkerato-
sis to restore epithelial barrier function in the skin [18]. The 
therapeutic potential of spesolimab has been demonstrated 
in two clinical trials in patients with GPP flares [9, 19]. Here, 
we present data from five phase I clinical studies describing 
the pharmacokinetics, immunogenicity and safety of spesoli-
mab at escalating intravenous (IV) doses up to 20 mg/kg and 
subcutaneous (SC) doses up to 600 mg in healthy male and 
female non-Japanese and Japanese subjects.

2  Methods

2.1  Study Designs

Study designs for the five spesolimab phase I studies are 
described in Table S1 of the Electronic Supplementary 
Material (ESM). For Studies 1, 2 and 4, subjects were ran-
domised to treatment or placebo using a validated system to 
produce a pseudorandom number and supplied seed num-
ber. Studies 3 and 5 were open-label. Predefined criteria for 
stopping dose escalation were used for all studies. For the 
multiple rising dose part of Study 2, each dose group was 
treated as two consecutive cohorts. All studies had a screen-
ing visit within 4 weeks of the first dose and an end-of-study 
visit (days 71–74 for Study 1, day 148 ± 3 days for Study 4 
and day 176 ± 3 days for Studies 2, 3 and 5).

For Study 1, spesolimab doses were selected to cover 
the subtherapeutic and therapeutic range and estimated to 
cover low supratherapeutic doses. Dose escalation did not 
exceed a factor of two from 3 mg/kg onwards. For Study 
2, spesolimab doses were selected based on data from  
Study 1. For Study 3, a maximum dose of 300 mg was 
selected to provide a dose < 10 mg/kg, which was well tol-
erated in Studies 1 and 2. For Study 4, IV doses of 300, 600 
and 1200 mg were selected to cover the potential therapeutic 
dose range and provide a safety margin for future clinical 
development. For Study 5, the 300-mg dose was selected to 
correspond to the potential maintenance dose of patients in 
clinical studies, and the 600-mg dose was included to widen 
the SC dose range.

In all studies, spesolimab was administered under fast-
ing conditions, fluids were not permitted from 1 h pre-dose 
to 1.5 h post-dose, or 2 h post-SC administration in Study 
5, and fluids were restricted until 24 h post-dose (except 
in Study 5). Standardised meals were provided during the 
dosing periods. Studies 1–3 and 5 were conducted at the 
SGS Life Sciences Services Clinical Pharmacology Unit, 

Antwerp, Belgium. Study 4 was conducted at the Depart-
ment of Pharmacology and Clinical Pharmacology, Univer-
sity Busan Paik Hospital, Busan, Korea. All studies were 
conducted in compliance with the ethical principles of the 
Declaration of Helsinki, all International Council for Har-
monisation Good Clinical Practice Guidelines, and local 
regulatory and legal requirements. All subjects provided 
written informed consent before participating.

2.2  Subjects

All subjects were non-Japanese, except for those enrolled 
into Study 4: male individuals were enrolled into Studies 
1, 2 and 4; male and female individuals were enrolled into 
Studies 3 and 5. Female subjects were postmenopausal, sur-
gically sterilised, sexually abstinent or practising accepted 
methods of contraception from ≥ 30 days before administra-
tion of spesolimab and had to have negative pregnancy tests 
before and during the study.

Subjects were excluded if they had evidence of clinically 
significant disease, allergies or hypersensitivity; clinically 
significant abnormalities identified by laboratory testing or 
physical examination; intention to perform excessive physi-
cal activity (e.g. competitive sport) within 1 week prior to 
spesolimab administration; inability to comply with the 
dietary regime; evidence of drug abuse; excessive alco-
hol (> 30 g/day) or cigarette (> 10/day) use; or a history 
of cardiac arrythmias. Additionally, for Study 4, subjects 
were excluded if they tested positive for active tuberculosis, 
human immunodeficiency virus or viral hepatitis; had pre-
vious exposure to an IL-36 inhibitor; or had received a live 
vaccine within 6 weeks prior to randomisation. Lactating 
women were excluded from Studies 3 and 5.

2.3  Pharmacokinetic Assessments

Blood samples (3 mL) for quantification of spesolimab 
plasma concentrations were collected at pre-determined 
timepoints (Table S1 of the ESM). Plasma samples were iso-
lated by centrifugation and stored at − 20 °C within 30 min 
of collection.

Non-compartmental analyses of spesolimab plasma 
concentration–time data were performed using WinNonlin 
software (version 6.3). Parameters included: area under the 
plasma concentration–time curve (AUC) from time zero to 
infinity (AUC ∞), AUC from time zero to time t (AUC t), 
AUC during a dosing interval (AUC τ), maximum plasma 
concentration (Cmax), time to reach maximum plasma con-
centration (tmax), apparent total body clearance of drug from 
plasma (CL), accumulation ratio calculated from AUC τ after 
the last dosing and AUC τ after the first dosing (Rac(AUC)), 
accumulation ratio calculated from Cmax at steady state and 
Cmax after single dosing (Rac(Cmax)), elimination half-life (t½) 
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and apparent volume of distribution at steady state (Vss). 
Concentration values in the lag phase (between time zero 
and the first timepoint with a concentration above the quan-
tification limit) identified as below the limit of quantification 
were set to zero.

2.4  Immunogenicity Assessments

Blood samples (3 mL) for quantification of spesolimab 
anti-drug antibodies (ADAs) were collected in dipotassium 
ethylenediaminetetraacetic acid-anticoagulant tubes at pre-
determined timepoints (Table S1 of the ESM). Serum ADAs 
were examined using a validated electrochemiluminescent 
method with biotin-spesolimab capture and ruthenium-
spesolimab detection (Studies 1 and 2 used first-generation 
assays performed at Charles River Laboratories, Reno, NV, 
USA; Studies 3–5 used second-generation assays performed 
at QPS, Newark, DE, USA) in a three-tiered approach 
(screening, confirmation and titration analysis). Sensitivity 
of the first-generation assay was 62.3 ng/mL, with tolerance 
limits of spesolimab 100 μg/mL in the presence of 250-ng/
mL positive controls. Sensitivity of the second-generation 
assay was 2.5 ng/mL, with a very high tolerance limit of spe-
solimab 2000 μg/mL in the presence of 100-ng/mL positive 
controls. Titres were determined by analysis of serial two-
fold dilutions of a sample. The reported titre was the highest 
fold dilution that produced a mean electrochemiluminescent 
value more than the confirmatory cut point. For studies using 
second-generation assays, ADA results were only reported if 
the plasma concentration was within the drug tolerance level 
(i.e. for all ADA results, the concentration of spesolimab was 
below the drug tolerance level). Please refer to the ESM for 
the categorisation of ADA status.

2.5  Safety Assessments

Safety was assessed by monitoring treatment-emergent 
adverse events (TEAEs; Medical Dictionary for Regulatory 
Activities, Version 19.0 [Study 1], Version 20.1 [Studies 2–4] 
and Version 22.0 [Study 5]), physical examinations, vital 
signs, 12-lead electrocardiograms, continuous electrocardio-
gram monitoring (except for Study 5), safety laboratory tests 
(haematology, coagulation including bleeding time, clinical 
chemistry and urinalysis) and recording oral body tempera-
ture (except for Studies 4 and 5). The investigator assessed 
local tolerability according to ‘swelling’, ‘induration’, ‘heat’, 
‘redness’, ‘pain’ or ‘other findings’.

2.6  Statistical Analysis

All safety and pharmacokinetic (PK) results were analysed using 
descriptive statistics. No formal calculation of sample size was 
performed. The safety populations included all subjects who had 

received spesolimab or placebo. The PK populations included 
all subjects who had received spesolimab and had evaluable PK 
data without relevant protocol violations. All subjects with valid 
PK profiles were included in the PK analysis sets. For the non-
compartmental analysis (please refer to the ESM for rules and 
criteria), concentration data identified with no sample available, 
no valid result or not analysed were generally not considered. 
Concentration values in the lag phase identified as below the 
limit of quantification or no peak detectable were set to zero. 
All other below the limit of quantification/no peak detectable 
values of the profile were ignored. The lag phase was defined as 
the period between timepoint zero and the first timepoint with a 
concentration above the quantification limit.

For Studies 1, 2 and 4, dose proportionality of spesolimab 
was explored using a power model based on Cmax, AUC t and 
AUC ∞. The model described the functional relationship 
between dose and PK endpoints: exp(Yij) = α′*exp(Xi)β + �′

ij
 . 

After logarithmic transformations, the model was converted to 
the linear form: Yij = α + β*Xi + εij. Dose proportionality was 
assumed if the slope of the regression line (β) was equal to one.

For Study 3, AUC t, Cmax and AUC ∞ were used to com-
pare (i) the IV versus SC spesolimab 300-mg formulations 
and (ii) the SC spesolimab 150-mg versus 300-mg formu-
lations, using an analysis of variance with ‘treatment’ as 
a fixed effect. The corresponding least-squares means and 
two-sided 90% confidence intervals (CIs) based on the t-dis-
tribution were computed. These data were back-transformed 
to provide a point estimate and a 90% CI for each compari-
son. For Study 5, relative bioavailability following SC spe-
solimab administration at different doses (300 and 600 mg), 
injection volumes (2 and 1 mL) and injection sites (abdomen 
and thigh) was explored using an analysis of variance with 
‘treatment’ as a fixed effect and ‘matched pair’ as a random 
effect: ykjm = μ + τk + pj + eijkm.

3  Results

3.1  Subjects

Demographic and baseline characteristics for all phase I 
studies are summarised in Table 1. For Study 1, two sub-
jects had a body mass index exceeding the upper limit of 
the target range by < 2%, but this was considered irrelevant 
for interpretation of the study results. For Study 2, one sub-
ject (12.5%) from the multiple-dose placebo group with-
drew consent after receiving all four planned doses, and two 
subjects (33.3%) in the spesolimab 20-mg/kg multiple-dose 
group discontinued treatment because of adverse events 
(AEs), one after the first dose and one during the third infu-
sion. For Study 3, one subject (8.3%) from the IV spesoli-
mab 300-mg group discontinued treatment because of an AE 
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of moderate panic attack beginning shortly after the start of 
IV infusion. For Study 4, four subjects (12.5%) discontinued 
treatment for personal reasons (informed consent withdrawn; 
one subject receiving placebo, two subjects receiving IV 
spesolimab 600 mg and one subject receiving IV spesolimab 
1200 mg). No subjects discontinued spesolimab treatment 
in Study 5. Within each study, treatment groups were simi-
lar with respect to demographic and baseline characteris-
tics (Table 1), except for age in Study 1 (mean age 25.5 
and 40.0 years in the 0.001- and 0.1-mg/kg groups, respec-
tively) and Study 3 (mean age 42.3, 38.6 and 34.3 years in 
the SC 150-mg, the IV 300-mg and the SC 300-mg groups, 
respectively). Between studies, body weight was lower in  
Studies 3–5, likely reflecting the inclusion of female patients 
(Studies 3 and 5), and Japanese patients (Study 4).

3.2  Single‑Dose and Multiple‑Dose 
Pharmacokinetics Following IV Administration 
in Non‑Japanese Subjects in Studies 1 and 2

For Studies 1 and 2 in non-Japanese subjects, spesoli-
mab plasma concentrations were below the lower limit of 
quantification (0.01 μg/mL) for dose groups ≤ 0.003 mg/
kg. Spesolimab exhibited target-mediated drug disposition 
(TMDD) pharmacokinetics after single-dose administration 
(Fig. 1). A more than dose-proportional increase in Cmax and 
AUC was noted at low doses but increased linearly within 
the dose range of 0.3–20 mg/kg (Table 2). Within the dose 
range of 0.3–20 mg/kg, CL and Vss were not dose dependent 
(0.147–0.193 L/day and 6.02–7.84 L, respectively) and t½ 
was 3–5 weeks (Table 2). 

Spesolimab exhibited dose proportionality follow-
ing multiple-dose administration across the dose range of 
3–20 mg/kg (Fig. 2), with statistical evaluation in line with 
these observations (slope values were close to 1 and their 
95% CIs included 1). Steady state was not reached for any of 
the multiple-dose groups. The geometric mean Rac(Cmax) and 
Rac(AUC) values gradually increased after once-weekly dosing 
for all dose groups, indicating accumulation of spesolimab. 
The accumulation ratios after 4 weeks of dosing were similar 
across treatment groups, and t½ was similar to single-dose 
administration (Table 3). 

3.3  Pharmacokinetics Following SC Administration 
in Non‑Japanese Subjects in Studies 3 and 5

Following SC administration of spesolimab 150 and 300 mg 
in Study 3, the plasma concentration–time profiles were sim-
ilar, with a median tmax of 7.02 and 6 days, respectively; as 
expected, plasma concentrations were higher following IV 
than SC administration (Fig. 3). The bioavailability of SC 
spesolimab was dose dependent (approximately 50% with 

spesolimab 150 mg and approximately 70% with 300 mg; 
Table 4).

Following SC administration of spesolimab 150 and 
300 mg in Study 5, spesolimab was absorbed with a median 
tmax of 5.5–7 days across the treatment groups. The appar-
ent t½ was similar across treatment groups, with a geomet-
ric mean t½ of approximately 3 weeks. The bioavailability 
of spesolimab 300 mg administered to the left and right 
side of the abdomen (two 150-mg injections) was similar 
to spesolimab 300 mg administered as a single SC injec-
tion to the abdomen, with an adjusted geometric mean ratio 
(90% CI) for AUC and Cmax of 94% (78–112) and 99% 
(84–117), respectively. The average exposure of spesoli-
mab 300 mg was 40–56% higher following administration 
to the thigh compared with administration to the abdomen, 
with an adjusted geometric mean ratio (90% CI) for AUC 
and Cmax of 140% (117–167) and 156% (132–185), respec-
tively. Spesolimab AUC and Cmax increased more than dose 
proportionally when the dose was increased from 300 to 
600 mg, consistent with the increased bioavailability at 
higher doses observed in Study 3. The adjusted geometric 
mean ratio (90% CI) of dose-normalised AUC and Cmax was 
122% (102–145) and 138% (117–164), respectively (data on 
file; BI December 2019; 1368-0029).

3.4  Pharmacokinetics in Japanese Subjects in  
Study 4

Spesolimab AUC and Cmax following IV administration 
over the dose range of 300–1200 mg increased in a dose-
proportional manner and were consistent (comparable AUC 
and Cmax) with the spesolimab PK profiles observed in 
non-Japanese subjects in Studies 1 and 2. No dose depend-
ency was observed for CL and Vss (0.153–0.170 L/day and 
6.19–6.97 L, respectively) and t½ ranged from 4 to 5 weeks 
in all dose groups (Table 2). Spesolimab AUC ∞ and Cmax 
following SC 300-mg administration were 73.5 and 32.3%, 
respectively, compared with IV 300-mg administration. 
Median tmax was 5.5 days and t½ was approximately 4 weeks 
(data on file; BI September 2018; 1368-0009).

3.5  Immunogenicity

3.5.1  Immunogenicity Following IV Administration 
in Studies 1 and 2

For Studies 1 and 2, the first-generation assay was used to 
assess ADAs. Following IV administration in Study 1, six 
spesolimab-treated subjects (10%) had treatment-induced 
or boosted ADAs (median onset time 4 weeks). In Study 
2, one subject (17%) following single-dose administration 
and one subject (4%) following multiple-dose administra-
tion was ADA-positive (onset time of 17 and 21 weeks, 
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respectively). The impact of immunogenicity on spesoli-
mab pharmacokinetics was evaluated by visually examin-
ing individual plasma concentration–time profiles overlaid 
with ADA status and titre. In Study 1, ADA formation had a 
minimal impact on spesolimab plasma concentrations, with 

shortened t½ and lower spesolimab concentration observed 
in one subject with a high ADA titre; there was no apparent 
impact in Study 2 (Fig. 4a, b, respectively). All hypersensi-
tivity events reported (4/58 subjects [6.9%] in Study 1 and 
7/30 subjects [23.3%] in Study 2) were non-serious and prior 

Fig. 1  Mean (± standard deviation) spesolimab plasma concentra-
tion–time profile following single-dose administration to healthy 
non-Japanese male subjects in Study 1: a linear scale with standard 

deviation and b semi-log scale. An unplanned group was introduced 
to accommodate three subjects who were wrongly administered spe-
solimab 0.05 mg/kg instead of the planned 0.1 mg/kg
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Fig. 2  Mean (± standard deviation) spesolimab plasma concentration–time profile following multiple-dose administration to healthy non-Japa-
nese male subjects in Study 2: a linear scale with standard deviation and b semi-log scale
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to ADA formation. Two of the four subjects in Study 1 and 
one of the seven subjects in Study 2 with hypersensitivity 
reactions later developed treatment-related ADAs.

3.5.2  Immunogenicity Following SC Administration 
in Studies 3 and 5

Following SC administration in Study 3, treatment-induced 
ADAs were detected in 13 subjects (36%; SC 150 mg, n = 5; 
SC 300 mg, n = 4; IV 300 mg, n = 4; median onset time 
9–10 weeks). Of these subjects, one showed a transient 
ADA response, and 12 showed a potentially persistent or 
persistent ADA response. ADA formation in Study 3 had 
no apparent impact on spesolimab plasma concentrations 
(Fig. 5a). Hypersensitivity events were reported in 11/36 
subjects (30.6%) and were all non-serious and prior to ADA 
formation; of these subjects, two later developed treatment-
related ADAs. In Study 5, 17 subjects (35%) had treatment-
induced ADAs (16 were female and one was male; median 
onset time 8 weeks). Formation of ADAs appeared to lower 
spesolimab plasma concentrations in some subjects (Fig. 5b) 
and was mostly observed during the terminal phase of the 
spesolimab concentration profile, when spesolimab expo-
sure was ≤ 1000 ng/mL. As TMDD begins to dominate 
at this concentration range, the lower drug concentrations 
observed in some subjects may not be entirely attributable 
to ADA formation. Overall, there was no substantial dif-
ference in spesolimab exposure (Cmax and AUC) between 
ADA-negative and ADA-positive subjects. A non-serious 
hypersensitivity event was reported in 1/48 subjects (2.1%), 
which occurred after ADA formation.

3.5.3  Immunogenicity in Japanese Subjects in Study 4

Four subjects (22%) in Study 4 developed treatment-induced 
ADAs (median onset time 17 weeks), and formation of 
ADAs had no impact on spesolimab plasma concentrations 
(Fig. 5c). No hypersensitivity or local tolerability events 
were reported (data on file; BI September 2018; 1368-0009).

3.6  Safety

The TEAEs observed during the phase I studies are summa-
rised in Table 5. No serious or severe TEAEs were reported; 
all TEAEs were mild or moderate in severity and resolved 
without intervention. For Studies 1, 2 and 4, the proportion 
of subjects with TEAEs was similar between spesolimab and 
placebo groups. For all studies, no relevant changes were 
observed in safety laboratory tests, vital signs or electro-
cardiograms, except for one subject (8%) in Study 5 receiv-
ing spesolimab 600 mg (administered to the left and right 
side of the abdomen) who had aspartate aminotransferase 
and alanine aminotransferase values up to 3.1 × the upper 
limit of normal. Assessments of local tolerability revealed 
no relevant issues.

In Study 1, no subjects discontinued because of AEs, with 
the most frequently reported TEAEs being nasopharyngitis 
(21%), headache (9%) and influenza-like illness (7%). In 
Study 2, two subjects discontinued study treatment because 
of AEs. One patient experienced mild pyrexia (associated 
with dyspnoea, headache, back pain, oropharyngeal pain 
and fatigue) and because of the concurrent infection was 
withdrawn from the trial. The other patient received three 

Table 3  Summary of selected 
spesolimab pharmacokinetic 
parameters following multiple-
dose intravenous administration 
in Study 2

Data are shown as geometric means (geometric coefficient of variation %)
AUC τ area under the plasma concentration–time curve during a dosing interval, Cmax maximum plasma 
concentration, Rac(AUC) accumulation ratio calculated from AUC τ at steady state and AUC τ after single 
dosing, Rac(Cmax) accumulation ratio calculated from the Cmax at steady state and Cmax after single dosing,  
t½ elimination half-life
a n = 4 due to subjects discontinuing treatment because of adverse events

Dose Parameter Spesolimab multiple-dose intravenous administration

3 mg/kg (n = 6) 6 mg/kg (n = 6) 10 mg/kg (n = 6) 20 mg/kg (n = 6)

First dose Cmax, μg/mL 77.9 (19.4) 130 (8.5) 229 (22.9) 422 (18.5)
AUC τ,, μg·day/mL 298 (9.3) 552 (10.4) 923 (17.3) 1770 (12.5)

Fourth dose Cmax, μg/mL 141 (4.3) 253 (8.7) 467 (21.4) 826 (15.8)a

AUC τ, μg·day/mL 760 (4.2) 1390 (4.6) 2500 (16.7) 4660 (12.9)a

t½, days 33.5 (15.7) 26.5 (27.1) 32.4 (10.6) 31.9 (12.9)a

Rac(AUC) 2.55 (8.6) 2.51 (7.0) 2.71 (5.2) 2.52 (11.6)a

Rac(Cmax) 1.81 (18.3) 1.95 (7.1) 2.04 (5.6) 1.83 (10.8)a
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infusions of spesolimab 20 mg/kg and experienced mild 
potential infusion-related reactions (associated with anxiety, 
dizziness, dyspnoea, headache and paraesthesia) after each 
infusion; these AEs were considered significant according 
to the International Council for Harmonisation E3 guideline, 

and treatment was discontinued. The pyrexia event was 
considered unrelated to treatment. The most frequently 
reported TEAEs following single-dose and multiple-dose 
spesolimab administration were nasopharyngitis (33 and 
42%, respectively), headache (17 and 42%, respectively) and 

Fig. 3  Geometric mean spesolimab plasma concentration–time profile following subcutaneous (SC) or intravenous (IV) administration to 
healthy non-Japanese subjects in Study 3: a linear scale with standard deviation and b semi-log scale
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injection-site erythema (50 and 21%, respectively). Head-
ache was the only drug-related AE that followed a dose-
dependent increase.

In Study 3, one subject discontinued study treatment 
because of an AE of moderate panic attack beginning shortly 
after the start of infusion, which was considered possibly 
drug related. The overall incidence of AEs was higher in 
the 300-mg group (both IV and SC) than in the 150-mg SC 
group (IV 300 mg 92%, n = 11; SC 300 mg 92%, n = 11; SC 
150 mg 67%, n = 8), a difference mainly driven by the TEAE 
of dermatitis acneiform. The incidence of AEs assessed as 
possibly drug related was numerically higher following SC 
than IV administration (SC 150 mg 42%, n = 5; SC 300 mg 
42%, n = 5; IV 300 mg 25%, n = 3).

In Study 4, there were no discontinuations because of 
AEs. The overall incidence of TEAEs was higher in the pla-
cebo group (25%) than the spesolimab groups (13%). All 
TEAEs were observed following IV administration (one 
subject in each of the 300-mg [mild upper respiratory tract 
infection], 600-mg [mild contusion] and 1200-mg [mild 
gastroenteritis and moderate temporomandibular joint dis-
order] dose groups); no TEAEs were observed following 
SC administration. None of the TEAEs were assessed as 
drug related.

In Study 5, there were no discontinuations because of 
AEs. The overall incidence of TEAEs was similar across 
treatment groups. The most frequently reported TEAEs were 

headache (44%, n = 21), acne (38%, n = 18) and injection-
site erythema (29%, n = 14).

4  Discussion and Conclusions

Spesolimab is a selective, humanised antibody against  
IL-36R that has shown clinical efficacy in patients with GPP 
[9, 11, 19]. The phase I studies were conducted to aid dose 
selection in an initial proof-of-concept study and the global 
Effisayil™ 1 study [9, 11, 19]. The initial proof-of-concept 
study demonstrated rapid and continued efficacy after a sin-
gle IV spesolimab 10-mg/kg dose [9]. In Effisayil™ 1, a 
global, randomised, placebo-controlled study, a single IV 
spesolimab 900-mg dose was associated with rapid pustular 
and skin clearance within 1 week [19].

Following escalating single-dose IV administration in 
non-Japanese subjects in Study 1, spesolimab exhibited 
TMDD at low doses of 0.01–0.3 mg/kg. Saturation of the 
non-linear elimination pathway occurred at approximately 
0.3 mg/kg, with linear kinetics from ≥ 0.3 mg/kg onwards. 
CL and Vss were not dose dependent. We did not know 
whether to expect TMDD prior to these studies, as the  
IL-36R expression level in the blood or tissues is unknown. 
It should be noted that the nonlinearity in spesolimab phar-
macokinetics at very low doses may reflect the TMDD 
in organs that are easily accessible, such as the blood. In 
the skin, slow distribution may be the rate-limiting step, 

Table 4  Bioavailability of spesolimab 300 and 150 mg following subcutaneous administration versus intravenous administration in Study 3

Data are shown as geometric mean (geometric standard error) unless otherwise stated
AUC ∞ area under the plasma concentration–time curve from time zero to infinity, AUC ∞, norm dose-normalised area under the plasma concentra-
tion–time curve from time zero to infinity, AUC t area under the plasma concentration–time curve from time zero to time t, CI confidence inter-
val, Cmax maximum plasma concentration, Cmax, norm dose-normalised maximum plasma concentration, gCV% geometric percent coefficient of 
variation, IV intravenous, SC subcutaneous

Parameter Spesolimab SC 300 mg (n 
= 12)

Spesolimab IV 300 mg (n 
= 11)

Geometric mean ratio (90% 
CI)

Inter-
individual 
variability
gCV%

Primary endpoint
AUC t, μg·day/mL 1579.2 (1.1) 2204.4 (1.1) 71.6 (60.6–84.7) 23.7
Cmax, μg/mL 33.4 (1.1) 113.9 (1.1) 29.3 (24.3–35.4) 26.6
Secondary endpoint
AUC ∞, μg·day/mL 1600.9 (1.1) 2279.9 (1.1) 70.2 (59.3–83.2) 23.9

Parameter Spesolimab SC 150 mg (n 
= 11)

Spesolimab IV 300 mg (n 
= 11)

Geometric mean ratio (90% 
CI)

Inter-
individual 
variability
gCV%

Primary endpoint
Cmax, norm, μg/mL/mg 0.08 (1.10) 0.38 (1.10) 21.4 (16.8–27.1) 33.5
Secondary endpoint
AUC ∞, norm, μg·day/mL/mg 3.83 (1.09) 7.60 (1.09) 50.4 (40.5–62.6) 30.2
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and spesolimab concentration in the tissue may be largely 
determined by the distribution process rather than elimina-
tion, i.e. spesolimab pharmacokinetics observed in plasma 
may not mirror what happens in the skin, and plasma 

pharmacokinetics may not capture the TMDD in the skin. 
It is unknown whether IL-36R target occupancy in the skin 
is saturated at the 0.3-mg/kg dose. Following multiple-
dose administration in non-Japanese subjects in Study 2, 

Fig. 4  Individual spesolimab plasma concentration–time profiles 
overlaid with anti-drug antibody (ADA) status and titre value follow-
ing intravenous administration in Studies 1 and 2: a single-dose (SD) 

intravenous administration in healthy non-Japanese male subjects in 
Study 1 and b SD and multiple-dose (MD) intravenous administration 
in healthy non-Japanese male subjects in Study 2
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Fig. 5  Individual spesolimab 
plasma concentration–time 
profiles overlaid with anti-drug 
antibody (ADA) status and 
titre value following subcu-
taneous (SC) or intravenous 
(IV) administration in Studies 
3–5: a single-dose (SD) SC or 
IV administration in healthy 
male and female non-Japanese 
subjects in Study 3; b SD SC 
administration in healthy male 
and female non-Japanese sub-
jects in Study 5; and (c) SD SC 
or IV administration in healthy 
male Japanese subjects in Study 
4. l + r left + right, pmbl peri-
umbilical
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spesolimab exhibited an approximately linear dose–exposure 
relationship over the dose range of 3–20 mg/kg. Steady state 
was not attained after 4-weekly doses because of the long 
t½ (3–5 weeks).

Following SC administration in Study 3, Cmax was 
attained in approximately 7 days. At 300 mg, the relative 
bioavailability of spesolimab following SC administration 
in non-Japanese subjects in Study 3 was approximately two-
thirds of the total IV exposure (AUC). The relative bioavail-
ability in non-Japanese subjects in Study 5 following SC 
spesolimab administration to different injection sites indi-
cated that (1) exposure was similar following a single or 
double (left and right side) administration to the abdomen; 
(2) bioavailability was 40–56% higher following adminis-
tration to the thigh versus the abdomen; and (3) there was 
a trend towards higher bioavailability with an increasing 
dose. Based on pooled analyses across studies, bioavail-
ability (90% CI) was 56% (46–68), 65% (59–71) and 74% 
(64–85) following abdominal SC administration of 150 mg, 
300 mg and 600 mg, respectively. The reason for higher 
spesolimab bioavailability following administration to the 
thigh versus the abdomen is unclear. As tmax following sub-
cutaneous injection into the thigh and abdomen was similar, 
lymph flow is unlikely to account for the PK differences. In 
the abdomen, the lower bioavailability (with similar tmax) 
suggests higher pre-systemic catabolism (elimination), but 
there are no target density data in different parts of the body 
to support this hypothesis.

The observed PK profile was consistent in Japanese and 
non-Japanese subjects. Therefore, no adjustments to spe-
solimab dosing recommendations are warranted for future 
clinical studies.

In Studies 1 and 2, ADAs developed in few subjects (9%) 
after single-dose IV administration, and in even fewer (4%) 
after multiple-dose IV administration. The lower ADA inci-
dence rates observed in these two studies may be related 
to the use of first-generation ADA methods. Whilst first-
generation ADA methods did not impact Study 1 ADA 
results (all spesolimab concentrations were below the drug 
tolerance level after week 3), it may have impacted Study 2  
ADA results, particularly for the 10-mg/kg and 20-mg/kg 
multi-dose groups. Consequently, the ADA incidence could 
be higher than reported for Study 2, although we did not 
observe any impact on plasma concentration. ADA sam-
ples from the other studies were analysed using improved 
second-generation methods; all spesolimab concentrations 
were below the drug tolerance level, with no impact on ADA 
results that detected ADAs in 27 and 35% of subjects who 
received IV and SC spesolimab, respectively. Overall, the 
ADA incidence was similar between IV and SC administra-
tion. The ADA incidence appeared to be higher in female 
subjects than male subjects; although the maximum titre was 
comparable between male and female subjects, following 

single-dose administration of SC or IV spesolimab, the 
ADA incidence rate was 39–52% in female subjects com-
pared with 19–24% in male subjects. This sex difference 
in ADAs may account for some of the observed inter-study 
variations in the observed ADA rate. For example, Study 4 
was conducted in Japanese male volunteers and had a lower 
total ADA incidence of 21%. The majority of volunteers 
were female in Study 3 (n = 33/36) and Study 5 (n = 40/48), 
and had higher overall ADA incidences. In general, the 
impact of ADAs on spesolimab pharmacokinetics was low 
in healthy volunteers. In all studies, the impact of positive 
ADAs on spesolimab plasma concentrations was observed in 
a few subjects (range 0–17%) at higher titres (≥ 11,400) and 
occurred during the terminal phase of the spesolimab plasma 
concentration–time profile, when the exposure was low or 
depleted. At this concentration range, TMDD begins to dom-
inate and may complicate the interpretation of the impact 
of ADAs (i.e. lower spesolimab concentrations observed 
in some subjects may also be related to TMDD instead of 
entirely due to ADA formation). There was no association 
between ADA formation and the route of administration or 
hypersensitivity reactions.

Spesolimab was well tolerated at doses up to 1200 mg, 
with nasopharyngitis and headache being the most common 
TEAEs. All TEAEs were described as mild to moderate in 
nature. Generally, the proportion of subjects with TEAEs 
was similar between spesolimab and placebo groups. The 
overall incidence of TEAEs was similar when spesolimab 
exposure (Cmax and AUC) was substantially lower follow-
ing SC versus IV administration, and when spesolimab 
exposure was substantially higher following spesolimab  
600-mg administration to different injection sites. Spesoli-
mab was well tolerated in healthy non-Japanese and Japa-
nese subjects.

Limitations of our studies include the small number of 
subjects per dose group, which limited the safety data. We 
used a non-compartmental analysis to gain an initial under-
standing of the pharmacokinetics of spesolimab, and a popu-
lation PK model (including data from healthy volunteers, 
patients with GPP and all other potential indications) will be 
the subject of another publication. Use of a very conserva-
tive dose-escalation approach to account for limitations in 
preliminary PK data was a strength of the study.

Two other IL-36R antibodies are undergoing clinical 
development. In a phase I trial of 72 healthy subjects, IV 
imsidolimab (10–750 mg) had a median t½ range between 
3 and 4 weeks, bioavailability was approximately 90% and 
exposure (Cmax and AUC) increased in a dose-depend-
ent manner [20]. Another IL-36R monoclonal antibody, 
HB-0034, is currently undergoing phase I clinical develop-
ment, with data due at the end of 2022.

Overall, PK data from the phase I clinical studies suggest 
that spesolimab exhibits linear kinetics at doses ≥ 0.3 mg/
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kg and has a long t½ of 3–5 weeks. Following SC adminis-
tration, spesolimab bioavailability was dependent on dose 
and injection site, with higher bioavailability observed in 
the thigh compared with the abdomen. Spesolimab exposure 
in Japanese subjects was within the range of non-Japanese 
subjects. The impact of ADAs on spesolimab pharmacoki-
netics was overall low in healthy volunteers; however, addi-
tional ADA data will need to be collected in future studies to 
strengthen the data for ADAs in target patient populations. 
Spesolimab was well tolerated at clinically relevant doses, 
with a similar proportion of subjects reporting TEAEs in 
the spesolimab and placebo groups. Data from these phase 
I clinical studies have been used to guide spesolimab dosing 
in clinical studies of patients with GPP.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40262- 022- 01176-5.
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