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ABSTRACT

Introduction: Receptor-interacting protein
kinase 1 (RIPK1), a key mediator of inflamma-
tion through necroptosis and proinflammatory
cytokine production, may play a role in the
pathogenesis of immune-mediated inflamma-
tory diseases such as chronic plaque psoriasis.
An experimental medicine study of RIPK1
inhibition with GSK2982772 immediate-release
formulation at doses up to 60 mg three times

daily in mild to moderate plaque psoriasis
indicated that efficacy may be improved with
higher trough concentrations of GSK2982772.
Methods: This multicenter, randomized, dou-
ble-blind, placebo-controlled, repeat-dose study
(NCT04316585) assessed the efficacy, safety,
pharmacokinetics, and pharmacodynamics of
960 mg GSK2982772 (once-daily modified-re-
lease formulation) in patients with moderate to
severe plaque psoriasis. Twenty-nine patients
were randomized 2:1 to GSK2982772 (N = 19)
or placebo (N = 10) for 12 weeks.
Results: GSK2982772 was well tolerated with
trough concentrations greater than tenfold
higher than the previous phase 1 study with
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immediate release. Despite near complete RIPK1
target engagement in blood and modest reduc-
tion in circulating inflammatory cytokines, the
proportion of patients achieving 75% improve-
ment from baseline in Psoriasis Area Severity
Index score at week 12 was similar between
GSK2982772 and placebo (posterior median
1.8% vs 4.9%, respectively), with an estimated
median treatment difference of - 2.3%. This
analysis incorporated historical placebo data
through the use of an informative prior distri-
bution on the placebo arm. Week 4 changes in
skin biopsy gene expression suggested sufficient
local drug exposure to elicit a pharmacody-
namic response.
Conclusion: Administration of the RIPK1 inhi-
bitor GSK2982772 to patients with moderate to
severe plaque psoriasis did not translate into
meaningful clinical improvements.

Plain Language Summary: Psoriasis is thought
to be caused by problems with the immune
system, including possibly receptor-interacting
protein kinase 1 (RIPK1), which plays an
important role in the development of inflam-
mation. A previous study suggested that the
drug, GSK2982772, which interferes with
RIPK1, might improve symptoms in patients
with psoriasis. This study examined whether
higher doses of GSK2982772 than previously
studied would be beneficial for patients with
psoriasis. The study found that the severity of
psoriasis was similar in patients treated with
GSK2982772 for 12 weeks as in those who did
not receive the drug, indicating that
GSK298772 did not improve psoriasis.

490 Dermatol Ther (Heidelb) (2024) 14:489–504



Graphical Abstract:

Dermatol Ther (Heidelb) (2024) 14:489–504 491



Keywords: Psoriasis; RIP1K; Pharmacokinetics;
Pharmacodynamics; PASI

Key Summary Points

The pathogenesis of plaque psoriasis
involves tumor necrosis factor (TNF)
receptor 1 engagement that triggers
receptor-interacting protein 1 kinase
(RIPK1) activity; therefore, RIPK1 may be a
potential therapeutic target in plaque
psoriasis and in other immune-mediated
inflammatory diseases.

In a previous study of the RIPK1 inhibitor
GSK298772 in patients with mild to
moderate psoriasis, doses of 60 mg twice
daily and 60 mg three times daily
administered as an immediate-release
formulation resulted in a decrease in
plaque lesion severity score with
increasing tertiles of GSK2982772 trough
concentrations.

In this study we evaluated whether the
efficacy of GSK298772 may be improved
with higher trough concentrations.

Despite near complete RIPK1 target
engagement in blood and modest
reduction in circulating inflammatory
cytokines, the proportion of patients
achieving 75% improvement from
baseline in Psoriasis Area Severity Index
score at week 12 was similar between
GSK2982772 and placebo.

Although administration of the
GSK2982772 to patients with moderate to
severe plaque psoriasis did not translate
into meaningful clinical improvements,
these findings are an important addition
to the literature on the RIPK1 pathway as a
target in immune inflammatory diseases.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.24893724.

INTRODUCTION

Plaque psoriasis is a chronic relapsing inflam-
matory skin disease characterized by ker-
atinocyte hyperproliferation and epidermal
hyperplasia [1]. The pathogenesis of plaque
psoriasis is complex, involving tumor necrosis
factor (TNF) receptor 1 engagement that triggers
receptor-interacting protein 1 kinase (RIPK1)
activity. RIPK1 is a key mediator of TNF-medi-
ated apoptosis, NF-jB signaling, necroptosis,
and a regulator of proinflammatory cytokine
production. Dysregulation of these processes
results in sustained inflammation and profound
effects on tissue homeostasis [2, 3].

Preclinical studies have shown that TNF-de-
pendent inflammation can be prevented
through the inhibition of RIPK1 [3–6]. Thus,
RIPK1 may be a potential therapeutic target in
immune-mediated inflammatory diseases in
which these pathways are implicated, including
plaque psoriasis. GSK2982772 selectively binds
to the allosteric pocket of the RIPK1 domain
and has been previously studied in mild to
moderate plaque psoriasis, rheumatoid arthritis,
and ulcerative colitis [7–10].

In patients with mild to moderate psoriasis,
doses of 60 mg twice daily and 60 mg three
times daily administered as an immediate-re-
lease (IR) formulation resulted in a decrease in
plaque lesion severity score (PLSS) with
increasing tertiles of GSK2982772 trough con-
centrations, suggesting that efficacy may be
improved with higher trough concentrations of
GSK2982772 [7]. A once-daily modified-release
(MR) formulation was developed to provide a
flatter GSK2982772 concentration–time profile
and to provide higher trough concentrations.
Modified-release doses up to 960 mg were well
tolerated in healthy volunteers and provided
more than tenfold higher trough
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concentrations compared to the 60-mg IR three-
times-daily regimen used in the previous study
in mild to moderate plaque psoriasis. This
magnitude of increase in trough concentration
should result in a significant shift in the phar-
macological response curve to fully test the
utility of the RIPK1 inhibition mechanism for
the treatment of psoriasis [11].

The objective of this study was to assess the
efficacy, safety, tolerability, pharmacokinetic
(PK), and pharmacodynamic (PD) profiles of
960 mg GSK2982772 administered as a once-
daily MR tablet in patients with moderate to
severe plaque psoriasis.

METHODS

Study Design

This was a multicenter, randomized, double-
blind, placebo-controlled, repeat-dose study
conducted at 10 centers in Canada and one in
Poland between September 28, 2020 and Octo-
ber 12, 2021. Following a screening period of up
to 35 days, patients were randomized 2:1 to
either 960-mg GSK2982772 MR once-daily for-
mulation [11] or placebo (Fig. 1), and stratified
by prior use of biologic therapy.

On July 14, 2020, in response to the COVID-
19 pandemic, additional safety monitoring was
instituted in a protocol amendment. In a sec-
ond amendment on January 6, 2021, the num-
ber of skin biopsies required was reduced to aid
in study recruitment (see ‘‘Study Assessments’’).

The study was approved by the main ethics
committee, Institutional Review Board Services
Advarra, Ontario Canada and at every partici-
pating institution and was conducted according
to the recommendations of Good Clinical
Practice and the Declaration of Helsinki. The
study protocol, amendments, informed con-
sent, and other information requiring preap-
proval were reviewed and approved by
applicable institutional review boards
(Table S1). All patients provided written
informed consent to participate in the study.

Patients

Male and female patients aged 18 to 75 years
with moderate to severe plaque psoriasis for at
least 6 months prior to the screening visit and
with a Psoriasis Area Severity Index (PASI) score
of 12 or more, psoriatic body surface area (BSA)
of at least 10%, and Static Investigator Global
Assessment (sIGA) of disease activity score of at

Fig. 1 Study design. Following a screening and washout
period of up to 35 days, patients were randomized 2:1 to
GSK2982772 960 mg MR or placebo for 12 weeks. The
primary endpoint was PASI75 at week 12. Patients were

followed for 28 days after the final dose. MR modified
release; PASI75 75% improvement from baseline in
Psoriasis Area Severity Index response
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least 3 were eligible. Patients agreed to avoid
prolonged exposure to natural or artificial
sources of ultraviolet radiation during the
study.

Patients with nonplaque forms of psoriasis
(e.g., erythrodermic, guttate, or pustular), drug-
induced psoriasis, psoriatic arthritis, uveitis,
inflammatory bowel disease, or other immune-
mediated conditions requiring immunosup-
pressive therapy were excluded. Patients were
also excluded if they had previously been
exposed to at least three biologic therapies or
any type of prescribed anti-TNFa biologic ther-
apies for at least 3 months with no response.
Patients with an active infection (including
SARS-CoV-2), history of liver or kidney disease,
unstable or uncontrolled cardiovascular disease
(including hypertension), hereditary or
acquired immunodeficiency disorders, history
of malignant neoplasm (except for adequately
treated basal or squamous cell skin cancer or
carcinoma in situ of the cervix), progressive
neurologic disorders (e.g., multiple sclerosis,
amyotrophic lateral sclerosis, Alzheimer dis-
ease), or a history of suicidal ideation behavior
were also ineligible.

Study Assessments

Study visits occurred at screening, baseline
(day 1), and weeks 2, 4, 8, 12, and 16. Clinical
efficacy (PASI, BSA, and sIGA) and safety
assessments were made at each visit. Predose
plasma concentrations of GSK2982772 were
obtained at weeks 2, 4, 8, and 12 using a vali-
dated analytical method based on protein pre-
cipitation followed by high-performance liquid
chromatography with tandem mass spectrome-
try (HPLC/MS/MS) analysis. For assessment of
target engagement, blood samples from each
time point were collected by venipuncture into
an ethylenediaminetetraacetic acid (EDTA)
tube. A 1-mL aliquot of whole blood was
transferred to a Nunc cryovial, flash frozen in
liquid nitrogen, then shipped on dry ice to the
central laboratory (Q2 Solutions, Valencia, CA)
and stored at - 70 �C until analysis. Target
engagement (%) was measured by immunoassay
(TEAR1) as previously described [12]. For

proteomic analyses, blood samples were col-
lected by venipuncture into an EDTA tube. A
1-mL aliquot of plasma was transferred to a 1.8-
mL Nunc cryovial and flash frozen in liquid
nitrogen. Frozen samples were shipped on dry
ice to Olink, Inc (Waltham, MA) for analysis
using their proximity extension assay (PEA)
technology and stored at - 70 �C. For meta-
bolic analyses, blood samples were collected by
venipuncture into serum separation tubes (SST).
Serum samples were shipped to the central
laboratory (Q2 Solutions) on day of collection
either at ambient temperature (lipid panel,
direct low-density lipoprotein cholesterol, cre-
atinine clearance) or on dry ice (insulin and
homeostatic model assessment for insulin
resistance [HOMA-IR]).

Baseline skin biopsies were obtained from a
target lesion of at least 3 cm2 on the trunk or
extremities and from unaffected skin close to
the target lesion. At week 12, biopsies were
collected from the outer one-third of the target
lesion. All biopsies were divided and processed
for histological and gene expression analysis.

Full-thickness, 4-mm punch biopsies were
collected by qualified personnel using standard
methods. After removal of subcutaneous fat,
biopsies were bisected so that each half com-
prised epidermis and dermis. For histology, one-
half biopsy was placed in 50 mL of buffered
formalin for a minimum of 24 h, then shipped
at ambient temperature for preparation of for-
malin-fixed paraffin-embedded blocks. For PK
analysis and TEAR, half biopsies were snap fro-
zen in liquid nitrogen. Unfortunately, a proto-
col amendment that adjusted the number of
samples taken, and sample quality issues lim-
ited PK analysis and TEAR analysis (protocol
amendment changed the biopsy requirement
from two to one lesional biopsy to aid recruit-
ment) and precluded histopathological scoring
of these biopsies (approximately 20% of speci-
mens were deemed inadequate because of
improper embedding and/or too little tissue).
For transcriptomic analysis, one-half biopsy was
placed in 5 mL of RNAlater�, shipped at ambi-
ent temperature for 24 h, then stored
at - 20 �C. Frozen samples were shipped to
Epistem, Ltd (Manchester, UK) for processing
and analysis by RNAseq.
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Endpoints

The primary endpoint was PASI75 response at
week 12, defined as achieving at least 75%
improvement in PASI score from baseline. Sec-
ondary efficacy endpoints included PASI50,
PASI90, and PASI100 response rates (achieving
at least 50%, at least 90%, and 100% improve-
ment in score from baseline, respectively),
change from baseline in PASI scores, sIGA
response (achieving a sIGA score of ‘‘clear’’ [0] or
‘‘almost clear’’ [1]), and change from baseline in
BSA, all evaluated at week 12, with additional
time points as exploratory endpoints.

Additional secondary endpoints included
trough plasma concentrations of GSK2982772,
and safety and tolerability measures including
adverse events, clinical laboratory values (he-
matology, chemistry, and urinalysis), vital
signs, and 12-lead electrocardiogram monitor-
ing assessed at each study visit.

Exploratory endpoints included ex vivo
GSK2982772 target engagement in blood,
change from baseline in inflammatory
biomarkers in blood, and change from baseline
in metabolic biomarkers in fasting blood
(HOMA [glucose and insulin], hemoglobin A1C
[HbA1c], and lipid panel), all assessed at
weeks 0, 4, and 12. Transcriptomic profiling of
mRNA isolated from skin at weeks 0, 4, and 12
was conducted and gene set variation analysis
(GSVA) [13] enrichment scores and specific
pathway improvement scores derived. Psoriasis,
TNFa, and interferon gamma (IFNc) pathway
improvement scores were calculated at weeks 4
and 12. GSVA methods and lists of gene sets
analyzed are shown in Table S2.

Statistical Analyses

It was determined that a sample size of 21
patients (GSK2982772, 14; placebo, 7) would
ensure approximately a 99% probability of
achieving a posterior probability of at least
0.975 that the true treatment difference in
PASI75 response rate over placebo was greater
than zero. This assumed a true response rate of
7% with prior distribution beta (3.5, 46.5) and

55% with prior distribution of beta (0.33, 0.33)
for placebo and GSK2982772 arms, respectively.

All patients who were randomized and who
had received at least one dose of study inter-
vention (intention-to-treat population) were
included in the efficacy analyses; the safety
population (used for safety and PD analyses)
consists of the same participants. Pharmacoki-
netic population required at least one non-
quantifiable postbaseline assessment.

The primary analysis was a Bayesian logistic
regression of the PASI75 response rate at
week 12, adjusting for covariates, including
prior biologic use and baseline PASI score.
Equivalent analyses for the other categorical
endpoints (PASI50, PASI90, PASI100, and sIGA
response) were not conducted because of the
observed low response rates (see ‘‘Results’’).
Summary tables of observed responses rates
were reported. Missing response data were
imputed as nonresponders.

To leverage historical placebo PASI75
response data into the primary analysis, a meta-
analytic prior [14] was derived from historical
data from similar clinical trials; the effective
sample size was approximately 63. The final
analysis prior used for the placebo response rate
was of the following form: 90% weight on beta
(5.39, 69) and 10% on beta (0.33, 0.33). All
other priors across the primary and secondary
analyses were chosen to be noninformative.

A Bayesian mixed-model repeated measures
(MMRM) approach was used for continuous
secondary PASI and BSA end points, adjusting
for visit, baseline scores, prior biologic use, and
baseline-by-visit and treatment-by-visit interac-
tions. For target engagement, the ratio of free to
total RIP1 kinase was analyzed on the log scale
using an MMRM approach adjusted for baseline.

Descriptive summaries were provided for all
safety endpoints, including frequency of adverse
events and serious adverse events. Descriptive
statistics and graphics of PK and exploratory
biomarker endpoints were presented.

RESULTS

A total of 29 patients were randomized
(GSK2982772, 19; placebo, 10) and 18
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completed the study (Fig. S1). The majority of
patients were male (72%) and white/Caucasian
(90%), with a mean age of 48.8 years (Table 1)
and weight of 92.4 kg. At baseline, mean PASI
score was 18.3 and most patients (76%) had a
moderate sIGA score. Patients with previous
biologic therapy use were evenly distributed
between the treatment groups.

Clinical Efficacy

One (5%) patient treated with GSK2982772
achieved PASI75 at week 12, compared with
none in the placebo group (Table 2). Among
patients treated with GSK2982772, PASI50 was
achieved as early as week 4 in 2 (11%) patients
and 8 (42%) patients at week 12, compared to
no patients at week 4 and 2 (20%) patients at
week 12 in the placebo group. No patient from
either treatment group achieved PASI90 or
PASI100.

From the analysis of the PASI75 response at
week 12 (primary endpoint), incorporating his-
torical placebo data, posterior median estimates
were 1.8% for GSK2982772 and 4.9% for pla-
cebo, with a difference of - 2.3% (95% credible
interval [CrI] - 9.2, 8.3) (Table 3), with a cor-
responding 28% posterior probability of the
true difference greater than zero. The corre-
sponding analysis based on trial data alone
(using noninformative placebo prior) also sug-
gested no difference between treatment groups
in PASI75 response rates at week 12.

The posterior mean change from baseline in
PASI score at week 12 was - 7.6 in the
GSK2982772 group and- 6.4 for placebo (Fig. 2),
a difference between groups of - 1.2 (95% CrI -
5.3, 3.2), with a corresponding 72.1% posterior
probability that the true difference is less than
zero (Table S3). The posterior mean change from
baseline in BSA was also similar between treat-
ment groups at week 12 (GSK2982772 - 3.9%,
placebo - 4.0%;differencebetweengroups, 0.1%
[95%CrI - 6.2%, 6.8%], Fig. 2 and Table S4). The
posterior probability of a true difference of less
than zero was 50.4%.

Two (11%) patients treated with
GSK2982772 achieved a sIGA score of almost
clear at week 12 compared with none in the

Table 1 Patient demographics and clinical characteristics

Patient

characteristics

Placebo

(N = 10)

GSK2982772

960 mg

(N = 19)

Total

(N = 29)

Age in years, mean (SD) 46.5

(12.5)

50.1

(16.0)

48.8

(14.7)

Sex, n (%)

Male 5

(50)

16

(84)

21

(72)

Female 5

(50)

3

(16)

8

(28)

Weight, kg, mean (SD) 91.0

(20.9)

93.1

(16.1)

92.4

(17.6)

Race, n (%)

White/Caucasian/European 9

(90)

17

(89)

26

(90)

Southeast Asian 0 1

(5)

1

(3)

Mixed white 1

(10)

0 1

(3)

Mixed 0 1

(5)

1

(3)

Baseline PASI score, mean

(SD)

18.8

(4.7)

18.1

(4.9)

18.3

(4.8)

Baseline sIGA score, n (%)

Moderate 6

(60)

16

(84)

22

(76)

Severe 4

(40)

3

(16)

7

(24)

Body surface area, %, mean

(SD)

20.8

(8.5)

23.8

(11.4)

22.8

(10.4)

Prior biologic therapy

Yes 2

(20)

4

(21)

6

(21)

No 8

(80)

15

(79)

23

(79)

PASI Psoriasis Area Severity Index; sIGA Static Investigator’s Global

Assessment of Disease Activity
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placebo group (Table S5). No patients in either
group achieved a sIGA score of clear during the
study.

Pharmacokinetics

GSK2982772 mean and median trough con-
centrations following administration of 960 mg
MR once daily were more than tenfold higher
than those observed in the previous study in
mild to moderate plaque psoriasis at all visits
with PK sampling (Table 4).

Relationship Between PK and PD
Parameters

The relationship between exposure and target
engagement in the skin could not be deter-
mined. There was no clear relationship between
PASI score change from baseline and trough
plasma drug levels of GSK2982772 at any time
point during of the study.

Table 2 Frequency counts of patients achieving PASI50 and PASI75 by treatment and visit (ITT population)

Parameter Visit Placebo (N = 10) 95% CrI GSK2982772 960 mg (N = 19) 95% CrI

PASI50 Week 2 0 (0.0, 18.2) 0 (0.0, 10.1)

Week 4 0 (0.0, 18.2) 2 (11%) (1.9, 28.9)

Week 8 0 (0.0, 18.2) 4 (21%) (7.2, 42.2)

Week 12 2 (3.9, 49.7) 8 (42%) (22.1, 64.2)

PASI75 Week 2 0 (0.0, 18.2) 0 (0.0, 10.1)

Week 4 0 (0.0, 18.2) 0 (0.0, 10.1)

Week 8 0 (0.0, 18.2) 1 (5%) (0.4, 21.0)

Week 12 0 (0.0, 18.2) 1 (5%) (0.4, 21.0)

CrI credible interval; PASI50 50% improvement from baseline in Psoriasis Area Severity Index response; PASI75 75%
improvement from baseline in Psoriasis Area Severity Index response

Table 3 Bayesian analyses of PASI75 at week 12 (ITT population)

Treatment group Posterior
response rate

Posterior difference in
response rate

Posterior
odds ratio

Posterior probability of difference
in response rate (%)

% (95% CrI) % (95% CrI) (95% CrI) > 0%

Analysis incorporating historical placebo data

Placebo (N = 10) 4.9 (0.0, 11.4)

GSK2982772

960 mg (N = 19)

1.8 (0.0, 13.3) - 2.3 (- 9.2, 8.3) 0.5 (0.0,

109.3)

28.0

Analysis using trial data only

Placebo (N = 10) 0.1 (0.0, 7.3)

GSK2982772

960 mg (N = 19)

0.4 (0.0, 9.4) 0.11 (- 4.8, 8.07) 4.15 (0.1,

32,933.0)

71.5

Posterior median values for response rate, difference, and odds ratio are reported as a result of nonsymmetrical distributions
CrI credible interval; PASI75 75% improvement from baseline in Psoriasis Area Severity Index response
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Pharmacodynamics

Target Engagement and Biomarkers in Skin
The posterior mean percentage target engage-
ment in blood for GSK2982772 was 96.1% at
week 4 and 93.2% at week 12 (Fig. 3 and
Table S6). All (16/16) patients had greater than

90% target engagement at week 4 and 11/14
achieved this threshold at week 12.

GSK2982772 modestly reduced levels of
proinflammatory cytokines in the blood relative
to placebo, with average fold changes more
apparent at week 4 than at week 12 (Fig. S2).
There were no meaningful differences in

Fig. 2 Posterior mean change from baseline in a PASI
score and b BSA by treatment group (ITT population).
The posterior mean (95% CrI) for change from baseline in
PASI score at 2, 4, 8, and 12 weeks for patients treated

with placebo or GSK2982772 960 mg MR. BSA body
surface area; CrI credible interval; ITT intent to treat; MR
modified release; PASI Psoriasis Area Severity Index
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metabolic biomarker levels between
GSK2982772 and placebo.

Transcriptomic Profiling in Skin
In lesional skin, the mean change from baseline
in GSVA enrichment scores for upregulated
psoriasis genes was lower with GSK2982772
(week 4, - 0.21; week 12, - 0.21) than placebo

(week 4, - 0.04; week 12, - 0.33) (Fig. 4a). For
downregulated psoriasis genes, the mean
change in GSVA enrichment scores was higher
with GSK2982772 (0.12) than placebo (0.08) at
week 4 and lower with GSK2982772 (0.17) than
placebo (0.23) at week 12 (Fig. 4b). The
improvement scores for the psoriasis, TNFa, and
IFNc pathway signatures were slightly higher at

Table 4 Summary of plasma GSK2982772 concentra-
tion–time data (ng/mL) (PK population)

Visit n Mean
(SD)

Median (min,
max)

95% CI

Week 2 13 1218

(934)

1104

(94, 3138)

(654,

1783)

Week 4 12 1739

(2343)

1016

(297, 8965)

(251,

3228)

Week 8 13 924

(463)

894

(0, 1659)

(644,

1204)

Week 12 13 928

(900)

677

(8, 2829)

(384,

1472)

PK pharmacokinetic

Fig. 3 Target engagement over time by treatment for
blood (safety population). The posterior mean (95% CrI)
TEAR1 percentage target engagement at 0, 4, and

12 weeks for patients treated with placebo or
GSK2982772 960 mg MR. CrI credible interval; MR
modified release

cFig. 4 Transcriptomic profiling scores over time by treat-
ment. a Psoriasis upregulated gene pathway. b Psoriasis
downregulated pathway. c Improvement score for gene
pathways (safety population). Improvement score (based
on Krueger et al. J Allergy Clin Immunol.
2012;130:145–54.e9) was defined as the proportion of
the disease burden reversed posttreatment (calculated from
the ratio of fold change in expression in lesional tissue
posttreatment [compared to baseline] and at baseline
[compared to nonlesional tissue]). The median across
patients in each treatment group and visit was taken as the
gene improvement score. The shaded box shows interquar-
tile range. The horizontal line inside each faded box marks
the median. The whiskers running from the box represent
1.5 9 IQR or min/max (whichever is smaller) and the
faded shape within each box represents the mean. GSVA,
gene set variation analysis; L, lesional; NL, nonlesional
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week 4 with GSK2982772 than with placebo;
however, there was little difference between the
two groups at week 12 (Fig. 4c).

Safety

Adverse events were reported in 12 (63%)
patients in the GSK2982772 group and 6 (60%)
patients in the placebo group (Table 5). The
most frequently reported adverse event (AE) was
headache in both groups (GSK2982772, 3
[16%]; placebo, 3 [30%]). There was one serious
AE reported in the study (GSK2982772, acute
kidney injury). This serious adverse event was
considered drug related and resolved after
treatment discontinuation.

Four patients reported AEs that led to per-
manent discontinuation of the study interven-
tion or withdrawal from the study
(GSK2982772: creatinine renal clearance

abnormal [n = 1], acute kidney injury [n = 1];
placebo: suicidal ideation [n = 1], alanine
aminotransferase increased [n = 1]).

DISCUSSION

Treatment with 960 mg GSK2982772 MR
administered once daily during this 12-week
study was well tolerated with a safety profile
that was similar to what has been previously
reported [7, 9]. The most common AE was
headache, and one patient experienced a seri-
ous AE (acute kidney injury) that resolved after
treatment discontinuation. GSK2982772 trough
plasma concentrations were more than tenfold
higher than what has previously been achieved
with the 60 mg IR three-times-daily dosing in
the previous psoriasis study.

The high systemic exposure achieved in
most patients resulted in near complete ex vivo
target engagement in the blood and a relative
reduction in circulating inflammatory cytokines
with GSK2982772 compared to placebo over the
duration of the study. Additionally, psoriasis-
associated gene expression and TNFa and IFNc
gene signatures were reduced in lesional biop-
sies at week 4, suggesting that sufficient local
drug exposure was achieved to elicit a PD
response. With only one patient treated with
GSK2982772 achieving PASI75 at week 12, the
apparent PD response did not translate into
clinical efficacy; however, the limited PK sam-
pling in the target organ makes robust inter-
pretation of the lack drug exposure at the
affected site challenging.

Differences in gene expression between
patients treated with GSK2982772 and placebo
were less well defined by week 12, which could
be due to compensatory mechanisms after
week 4 or increased variability at week 12. The
proinflammatory and cell-death promoting
functions of RIPK1 are complex and occur in a
cellular, tissue, and disease context and are
subject to cross-regulation via posttranslational
modifications [15]. Thus, inhibition of the
kinase activity of RIPK1 by GSK2982772 may
initially reduce necroptotic proinflammatory
cytokine production, whereas long-term inhi-
bition of RIPK1 kinase activity may promote

Table 5 Adverse Events

Placebo
(N = 10)

GSK2982772
960 mg (N = 19)

All AEs in C 2 patients in either group, n (%)

Any event 6 (60) 12 (63)

Headache 3 (30) 3 (16)

Back pain 1 (10) 2 (11)

Creatinine renal

clearance abnormal

0 2 (11)

SAEs, n (%)

Acute kidney injury 0 1 (5)

AEs leading to discontinuation, n (%)

Any event

Suicidal ideation 1 (10) 0

Alanine

aminotransferase

increased

1 (10) 0

Creatine renal

clearance abnormal

0 1 (5)

Acute kidney injury 0 1 (5)

AE adverse event; SAE serious AE
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compensatory NF-jB signaling via the scaffold-
ing function of RIPK1, increasing proinflam-
matory mediator production. In addition,
psoriasis is a heterogeneous disease and many
other cytokines and pathways (e.g., interleukin
(IL)-12/23 pathway, Th17, etc.) are involved in
its pathogenesis.

The modest systemic anti-inflammatory
effect observed (i.e., reduction in circulating
inflammatory cytokines) did not translate to a
significant clinical benefit when compared to
other available treatments [16]. One explana-
tion for this lack of clinical efficacy may be the
low contribution of necroptosis in driving
inflammation in the skin in psoriasis. Com-
pared to psoriasis, necroptotic signaling plays a
greater role in autoimmune skin conditions
such as lupus erythematosus, lichen planus,
dermatomyositis, erythema multiforme, and
toxic epidermal necrolysis, and, as such, RIPK1
may be a potential therapeutic target in these
diseases [17, 18]. Defining a molecular signature
for identifying diseases that will be the most
responsive could help direct future clinical trials
with RIPK1 inhibitors.

Although there is preclinical evidence that
RIPK1 may be a potential therapeutic target in
psoriasis, and a prior phase 2a study suggested
higher dosing with GSK2982772 in patients
with more severe disease may impact clinical
response [7], clinical efficacy for patients treated
daily with 960 mg GSK2982772 MR in this
study was similar to placebo. Because there are
already well-studied, efficacious treatment
options for patients with psoriasis, such as anti-
TNF, anti-IL-17, and anti-IL-23 biologics
[19–22], no further studies are planned for
GSK2982772 in psoriasis.

The study was designed to detect a large
effect on PASI75 response. Therefore, this study
was limited regarding drawing robust conclu-
sions on more sensitive endpoints or detecting
smaller effect sizes. In addition, PK sampling
was limited, making interpretation of the data
and drug exposure challenging.

CONCLUSIONS

Despite more than tenfold increased plasma
trough concentrations of GSK2982772, high
target engagement in the blood, evidence of a
reduction in inflammatory cytokines, and a PD
effect observed in skin at week 4, the clinical
benefit of daily treatment with the 960-mg MR
formulation of GSK2982772 was limited.
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