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Abstract

Generalized pustular psoriasis (GPP) is a rare, inflammatory skin disease character-
ized by recurrent flares of pustulation accompanied by systemic symptoms. Due to
its acuteness, sufficient diagnosis and treatment are essential, but often face chal-
lenges. We recently overviewed various treatment options of GPP utilizing estab-
lished therapies in psoriasis vulgaris (PsO). Although there is a pathogenic relation
to PsO, more and more evidence suggests a predominant involvement of the innate
immune system in GPP. Recent discoveries on the genetic background of GPP with
underlying mutations in IL36RN, CARD14, AP1S3 and SERPINAS contributed to a
better understanding of the pathogenesis and provide major opportunities in the
development of innovative, targeted therapies. The proposed umbrella term “auto-
inflammatory keratinization diseases” (AIKD) helps to categorize this heterogeneous
disease. Finally, we address the problem of insufficient standardized assessment
tools and propose a reproducible scoring system also capturing the systemic features
of GPP. In summary, GPP is a prototype disease to demonstrate both obstacles and
progress in dermatology—currently insufficient definition and diagnostic tools on the
one hand side, yet major advances in dissecting disease heterogeneity, opportunities
for novel diagnostic techniques and therapeutic decision-making based on molecular
events on the other side.
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develop independently. Due to its low prevalence, it is defined as an

orphan disease.*®

Generalized pustular psoriasis (GPP) is a chronic, non-communica-
ble inflammatory skin disease which can involve multiple organs and
potentially lead to a fatal outcome. GPP is characterized by acute,
recurrent flares of sterile pustular lesions on erythematous skin
with signs of systemic inflammation also affecting extracutaneous
organs. It can be associated with a pre-existing plaque psoriasis or

In our review article of 2018 “Generalized pustular psoriasis—a
model disease for specific targeted immunotherapy,” we presented
the concept that GPP is an ideal disease to illustrate current prob-
lems in the field of inflammatory skin diseases—starting from a
precise definition of this heterogeneous disease overlapping with
other types of pustular diseases,* advances in understanding the
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pathogenesis of GPP, over standardized diagnostic approaches and
ultimately targeted therapies. We concluded that there was no con-
sensus whether GPP is to be regarded a variant of psoriasis vulgaris
(PsO) or a distinct clinical entity with overlapping pathological find-
ings to PsO. Moreover, we discussed how the lack of standardized
clinical criteria for diagnosis challenged the classification of GPP.
We summarized that in accordance with the pathogenetic overlap
to PsO, several targeted immunotherapies including anti-TNF «, an-
ti-IL23/12 or anti-IL17 were investigated with good success in GPP.

In this viewpoint essay, we discuss how this approach has con-
tinued in the last 2 years—with novel insights into genetics and the
pathogenesis of GPP, a proposed classification system, a new di-
agnostic assessment tool and new as well as ongoing clinical trials.
Today, GPP stands exemplary for an autoinflammatory disease with
high unmet medical need for disease stratification and identification

of biomarkers on the way to personalized medicine.

2 | NEW LABEL FOR GPP—AN
AUTOINFLAMMATORY KERATINIZATION
DISEASE

In our review of 2018, we discussed the problematic definition
of GPP, regarded as a subtype of psoriasis by some authors ver-
sus as a distinct clinical entity by others. We summarized that the

Autoinflammatory keratinization disease
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pathogenesis of GPP partly overlaps with typical pathways of PsO,
but exhibits a pronounced activation of the innate immune system.
Therefore, cytokines such as IL17A, IL22, IL23, TNF and interfer-
ons are found to be elevated in both PsO and GPP. However, GPP
lesions showed higher IL-1 and IL-36 expressions compared to PsO
lesions.>®

In 2011, Marrakchi et al laid the foundation on a new autoin-
flammatory perspective of GPP by discovering an underlying ge-
netic mutation of the IL36 receptor antagonist (IL 36RN) in several
cases of familiar GPP which led to the term DITRA (deficiency of
IL36 receptor antagonist).7 This missense mutation of the IL36RN
results in a deficiency of IL36 receptor antagonist, an anti-inflam-
matory cytokine of the IL1-family, which normally antagonizes the
binding of IL-36 cytokines (IL-36a, IL-36p and IL-36y), mainly de-
rived from keratinocytes, to the receptor and therefore inhibits
downstream inflammatory pathways via NF-xB. The dis-inhibition
leads to an uncontrolled binding of IL-36 to the IL36 receptor re-
sulting in enhanced signal transduction of pro-inflammatory cy-
tokines, for example IL-8, which is essential for the migration of
neutrophils (Figure 1). >”® Data on the prevalence of DITRA in
GPP patients vary significantly ranging from 23.7% to 82%, show-
ing an association to GPP without concomitant PsO and therefore
proposing a different genetic background of GPP without PsO
than GPP with PsO.”! In their review of 2018, Furue et al high-
lighted the role of IL-36 signalling in plaque psoriasis and pustular
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psoriasis and concluded that IL-36 is predominantly involved in the
pathogenesis of pustular psoriasis, while the TNF-a/IL-23/1L-17/
IL-22 axis mainly drives plaques psoriasis. However, both path-
ways are highly related and influence each other via a positive in-
flammatory loop.*?

These findings consecutively led to a proposed classification of
GPP as an autoinflammatory disease. Autoinflammation per se is
characterized by sterile inflammation without pathogenic autoanti-
bodies or auto-reactive T lymphocytes and by dysregulation of the
inflammasome, a cytosolic multi-protein complex in innate immune
cells. This leads to an excessive maturation and secretion of IL-1f
and 1L-18.% Patients typically present with recurrent or persistent
systemic inflammation (eg fever), abdominal and chest pain and skin
symptoms.® Classical autoinflammatory diseases present with skin
symptoms such as urticarial eruptions, erythema nodosum-like le-
sions, pustules, pyoderma gangrenosum or erysipelas-like erythema.
Typical representatives include familial Mediterranean fever (FMF),
cryopyrin-associated periodic syndrome (CAPS), TNF receptor-asso-
ciated periodic fever syndrome (TRAPS) and syndrome of pyogenic
arthritis with pyoderma gangrenosum and acne (PAPA). However,
hyperkeratotic skin lesions are uncommon in autoinflammatory
diseases.®

More recently, a subtype of pityriasis rubra pilaris (PRP), a pap-
ulosquamous skin disease, was included to the category of auto-
inflammatory diseases due to the identification of three different
homozygous mutations in CARD14, a known activator of the pro-in-
flammatory nuclear factor kappa B (NF-kB).”'* Previously, similar
mutations were identified in a subset of familial psoriasis.'**> The
first description of a CARD14 mutation in a child with sporadic, ear-
ly-onset generalized pustular psoriasis was followed by identifying a
significant association between CARD14 and GPP with concomitant
PsO in a small Japanese cohort in 20141516

Today, we know that a gain-of-function mutation in caspase re-
cruitment domain family 14 (CARD14) is an underlying mutation oc-
curring in up to 21.1% of GPP patients with concomitant PsO.1617
CARD14 is mainly expressed in the epidermal layers of the skin and
consequently leads to an activation of the NF-kB and mitogen-ac-
tivated protein kinase (MAPK) signalling pathways which subse-
quently induces neutrophilic inflammation in the skin via IL-8.7°

Another mutation associated with autoinflammation found in
GPP patients involves the adaptor-related protein complex 1 encod-
ing the complex subunit sigma-3 (AP1S3). This mutation results in a
reduction of toll-like receptor 3 (TLR3) trafficking, therefore lead-
ing to a decreased expression of IFN-B, which normally downregu-
lates the production of IL-1. Genetic studies indicate a prevalence of
around 6% in GPP patients.'

More recently, a rare loss-of-function mutation in SERPINA3 has
been detected in a minority of GPP patients, which also leads to an
activation of neutrophils (Figure 1).%

However, a recent study demonstrated that known susceptibility
genes can only be identified in 36% of GPP patients.* In general, due
to the low prevalence of GPP, genetic data are based on only small

numbers of patients and ofteninclude aninhomogeneous distribution

of investigated ethnicities. Therefore, currently identified mutations
in GPP cannot explain the full range of GPP endotypes.*°

The improved understanding of the genetic background of GPP
and other autoinflammatory skin diseases like PRP, triggering both
autoinflammation and keratinization, led to the proposal of the um-
brella term “autoinflammatory keratinization diseases” (AIKD) in
2017. According to Akiyama et al, AIKD are characterized by four
criteria: (a) the primary and main inflammation affects epidermis
and upper dermis; (b) inflammation leads to hyperkeratosis—the
main and characteristic phenotype of AIKD; (c) AIKD are caused by
primary genetic factors associated with exaggerated innate immu-
nity (autoinflammation), mainly in the epidermis and upper dermis;
and (d) the spectrum of AIKD encompasses diseases with mixed
pathomechanisms of autoinflammation and autoimmunity.?’ The
group of AIKD currently consists of pustular psoriasis with under-
lying mutations in IL-36RN, CARD14 or AP1S3, Pityriasis rubra pi-
laris type V (CARD 14) and familial keratosis lichenoides chronica
(NLRP1).%2° Currently, most AIKD entities are difficult to treat and
severely affect quality of life. Through a better understanding of the
pathophysiology of AIKD in the future, new and innovative targeted

therapies might be discovered.'®

3 | ASSESSING THE SEVERITY OF GPP IS
STILL CHALLENGING

The diagnosis and management of GPP are still challenging, espe-
cially due to its episodic nature and systemic component. For the
development of sufficient therapeutic strategies and the assessment
of treatment response, standardized scoring systems are essential.
So far, there are no validated scoring systems available. Assessment
tools for GPP in clinical trials vary and are frequently adapted from
those for adult PsO adding pustular criteria to established scoring
systems. The generalized pustular psoriasis area and severity index
(GPPASI), for instance, is an adaption of PASI for PsO, in which the
induration component is exchanged with a pustular component and
therefore consists of erythema, scaling and pustules combined with
the percentage of body surface area affected. It provides a numeric
scoring ranging from O to 72 (maximum).?

Another commonly used assessment tool for GPP is the gen-
eralized pustular psoriasis physician global assessment (GPPGA),
adapted from the PGA used in psoriasis.22 For GPPGA, all lesions
are scored from 0-4 (clear-severe) regarding erythema, pustules and
scaling. The final score is calculated by taking the average of the sep-
arately graded criteria.?*

To address the problem of solely skin-based scoring systems in
GPP that neglect the assessment of systemic symptoms in a sys-
temic disease, a new PsO independent scoring tool was developed
in 2014. The Japanese Dermatological Association (JDA) severity
index of GPP was introduced in the GPP Medical Practice Guideline
aiming for the stratification of systemic symptoms through labora-
tory changes. Herein, the skin is evaluated via three criteria: (a) ery-

thema area (overall), (b) erythema area with pustules and (c) oedema
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area. The scoring ranges from 3 to O (severe, moderate, mild, none)
with a maximum of 9 points. Secondly, the systemic involvement is
assessed via pyrexia, white blood cell count, CRP and serum albu-
min with scores ranging from 2 to 0 (maximum 8 points). The sum of
those two categories represents the total JDA severity index score
of GPP varying from severe (17-11 points), moderate (10-7 points) to
mild (0-6 points).?* (Table 1).

Stephenson et al allude to this topic on reporting on a 4-year-old
Caucasian boy with an underlying mutation in IL36RN, who devel-
oped pustular lesions with systemic symptoms at the age of 2. They
suggest to assess the severe extracutaneous manifestations of this
autoinflammatory DITRA disease via the autoinflammatory disease
activity index (AIDAI) due to its symptom overlap to other autoin-

AIDAI was originally developed for other inherited autoinflam-
matory diseases such as familial Mediterranean fever (FMF) and
consists of 12 items (fever, overall symptoms, abdominal pain, nau-
sea/vomiting, diarrhoea, headaches, chest pain, painful nodes, ar-
thralgia or myalgia, swelling of the joints, eye manifestations and
skin rash) which are scored every day with O (no symptoms present)
or 1 (symptoms present). A monthly score 29 out of 372 maximum
points is described as an “active disease.” For the scoring of skin fo-
cussed autoinflammatory diseases, the authors propose the 15-item
DITRA/Autoinflammatory Keratinization Diseases Activity Index
(DITRA/AIKD-AI), which consists of AIDAI and additionally partic-
ularizes “skin rash” into pustular, plague-type with keratinization or
unspecified and adds geographic tongue as a single criterion.?* With
further future validation, this specified assessment tool could be
used not only to monitor disease activity but also provide a way to
measure treatment response in multiple organs.

In our opinion, DITRA/AIKD-AI presents a detailed and com-
prehensive assessment of symptoms in GPP which might be used
within clinical trials, but lacks feasibility in daily practice due to its
time-consuming documentation. Adapted scores from PsO lack the
evaluation of systemic symptoms in GPP. Therefore, we favour the
practicable JDA severity index to be used as a standardized assess-
ment tool in GPP in both clinical routine and clinical trials.

4 | NOVEL THERAPEUTIC OPTIONS IN

We previously summarized the various treatment options for GPP,
emphasizing the role of specific targeted immunotherapies in GPP.
Due to its pathological overlap, we presented well-established
biologics from PsO as promising treatment options in GPP. There
are published data of successful management of GPP with thera-
peutic antibodies directed against TNF-a (infliximab, etanercept,
adalimumab), IL-12/-23 (ustekinumab) and IL-17 (secukinumab, ix-
ekizumab, brodalumab).232%-3¢ Unlike PsO, there is no GPP-specific
medication approved in Europe and the United States until today,

although there is an urgent need for treatment in this potentially
37
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TABLE 2 Updated overview of targeted immunotherapy in generalized pustular psoriasis—listing each publication included in this essay
and the review of 2018 with its specific drug including dose, efficacy parameters, number of patients, concomitant immunosuppressant
medication and the DITRA/CARD14 status

Target
TNF-a (n = 55)

IL-12/1L-23 (p40) (h = 7)

IL-23 (p19) (h = 8)

IL-1(n=7)

IL-17 (n=32)

IL-36 (n=7)

Drug
Infliximab (n = 29)

Adalimumab (n = 15)

Etaner-cept (n = 11)

Ustekinu-mab (n = 7)

Guselku-mab (n = 8)

Anakinra (n = 4)

Canaki-numab (n = 1)
Gevoki-zumab (n = 2)
Broda-lumab (n = 12)
Ixeki-zumab (n = 5)

Sekukinumab (n = 15)

Spesolimab (n = 7)

Dose

NA

Like PV

Like PV

Like PV

Like PV

Like PV

Like PV

Like PV

Like PV

4-5 mg/kg bw
3 mg/ kg bw
NA

80 mg eow
Like PV

Like PV

80 mg eow
Like PV

80 mg eow
40 mg ew
Like PV

NA

25-50 mg BIW
50 mg BIW
Like PV

Like PV

Like PV

Like PV

50 mg week 0,4, e8w, dose escalation
100 mg week 20

100 mg/d

100 mg/d

NA

150 mg e4w

60 mg edw
140-210 mg eow
Like PV

Like PA-PV

Like PV

Like PV

Like PV

10 mg/kg bw iv single dose

Efficacy

Pustule, clearance,
d

2
NA
NA
NA
2

NA

17,5
NA
NA
NA
NA
NA
5
NA
5
18
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
2

NA
NA
NA

Clinical
improvement

8/10
3/3
4/4
3/3
1/1
1/1
1/1
1/1
1/1
2/2
2/2
2/3
4/4
1/1
1/1
2/2
1/1
1/1
1/1
1/1
2/4
6/6
0/1
4/4
0/1
1/1
1/1
7/8

1/1
1/1
2/2
1/1
2/2
9/12
5/5
10/12
1/1
1/1
1/1
7/7

Abbreviations: BIW, biweekly; bw, body weight; CaR, case report; CaS; case series; CR, complete response; CT, clinical trial; CTP3, clinical trial
phase 3; CyA, cyclosporin A; d, day; DITRA, deficiency of the IL-36 receptor [IL-36R] antagonist; eow, every other week; e4w; every four weeks;
IL, interleukin; MTX, methotrexate; NA, not available; NR, no or weak response; OL, open label; PA, psoriasis arthritis; PR, partial response; PV,
psoriasis vulgaris; TNF, tumor necrosis factor.

2Analysis at week 16, one patient discontinued the study.
bAnalysis at week 16, one patient discontinued study due to AEBIW.
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Type of clinical response Concomitant immunosuppressant medication DITRA; 2CARD14 Type Author

CR (NA), PR(NA), NR (2) 12/10 (2); 2NA Cas Viguier M.
CR(2), PR (1) NA Cas Poulalhon N.
PR(2), CR (2) NA Cas Matsumoto, A
CR(3) 12/3(2); 2NA Cas Sugiura K.
PR NA CaR Chandran N.
PR NA CaR Smith N.

PR NA CaR Newland M.
CR NA CaR Schmick K.
CR Acitretin 35 mg/d NA CaR Tang M.
CR(2) Prednisolon 30 mg/d (1) NA CaR Weishaupt C
PR(1), CR(1) Acitretin 20 mg/d (1) NA CaR Kim H.

CR (NA), PR(NA), NR (1) 11/3 (1); °NA Cas Viguier M.
PR(2), CR (2) NA CasS Matsumoto A.
CR CyA 400 mg/d and MTX 20 mg/w NA CaR Callen J.

CR Acitretin 50 mg/d NA CaR Gallo E.

PR(2) MTX 5 mg/d NA CaR Kawakami H.
PR 11/1(1);°NA CaR Huffmeier U.
CR NA CaR Kimura U.
CR NA CaR Zangrilli A.
CR MTX 10 mg/d NA CaR Gkalpakiotis S.
CR (NA), PR(NA), NR (2) 12/4 (1); °NA Ca$ Viguier M.
CR (6) NA CasS Esposito M.
NR 11/1;2NA CaR Huffmeier U.
CR (4) Acitretin 10-20 mg/d (3) 11/4;2NA CaS Arakawa A.
NR NA CaR Matsumoto A.
CR CyA NA CaR Storan E.

CR NA CaR Dauden E.
CR(4), PR(3), NR (1) NA CTP3(OL)  Shigetoshi S.
PR Prednisolon 11/1 (1); 2NA CaR Huffmeier U.
PR Prednisolon 10 mg/d 10/1; 2NA CaR Skendros P.
CR (NA), PR(NA), NA 11/2 (1); 2NA CaR Viguier M.
CR Hydroxyurea, Prednisolon 10/1; 2NA CaR Skendros P.
PR (2) NA CT (OL) Mansouri B.
CR(6), PR(3), NR(2)® Retinoid (1) NA CTP3 (OL) Yamasaki K.
CR(2), PR(3) Prednisolon < 10 mg/d (NA) NA CTP3 (OL) Saeki H.
CR(9), PR(1), NR(1)? CyA (4), Etretinate (3), MTX (1), Prednisolon (1); NA CTP3 (OL) Imafuku S.
CR MTX NA CaR Bohner A.
CR NA CaR Mugheddu C.
CR NA CaR Polesie S.
CR(7) MTX (1) 13/7 (3); ?1/7 (1) CTP1 (OL) Bachelez H.
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In 2017, guselkumab, an I1L23-p19 antibody, was approved for
the treatment of PsO.%® One multicentre, open-label, phase-3 study
reports on 10 Japanese GPP patients treated with this monoclonal
IL-23 antibody at week 0, 4 and then every 8 weeks. Five out of 10
patients showed successful treatment, defined as improvement of
the Global Impression Score within the first week, consecutively
leading to a 100% success rate in the patients who completed the
study (8/10) at week 52, demonstrating efficacy without safety con-
cerns.®” Currently, there is an ongoing phase-3 trial investigating the
efficacy of risankizumab, another anti-IL23-p19 antibody, in GPP pa-
tients. Safety was already proven, but publication of efficacy data is
still pending.“o’41

Since the discovery of the IL36RN mutation in GPP, therapies
targeting autoinflammation via inhibition of the inflammasome were
followed. Initial studies investigated antibodies targeting IL-1p or the
IL-1 receptor (canakinumab, gevokizumab, anakinra) in the treatment
of GPP.333%36 More recently, a better understanding of the patho-
genesis and the genetics of GPP paved the way for the development
of specific therapies targeting IL-36.

Published results from a phase-l proof-of-concept study with
B1655130 (spesolimab), a monoclonal antibody against the IL-36 re-
ceptor, demonstrated a response in all 7 patients after a single in-
travenous dose. The clinical endpoint (Physician global assessment,
PGA 0 or 1 at a five point scale) was achieved in 5 patients during the
first week and in all patients by week 4 and maintained over a 20-
week period. Interestingly, similar to previous reports on anti-1L-1
treatment in GPP, efficacy was shown regardless of the genetic
mutation status, since only 4 patients had an identified homozy-
gous IL36-RN-mutation and 1 patient had a mutation in CARD14%*
(Table 2). Spesolimab is currently investigated in phase-Ill clinical tri-
als, without published data so far.

Another

ANBO19, is also currently scrutinized in a clinical trial for GP

humanized monoclonal [L-36-receptor antibody,

p42

Table 2 presents an update on the detailed overview of our
review from 2018 listing each publication including its specific
biologic with dose, efficacy parameters, number of patients,
concomitant immunosuppressant medication and the DITRA/
CARD14 status.*®

As discussed in our previous review, there is a potential source
of selection bias, since due to the higher prevalence, most of the
published cases include Asian patients, exhibiting a different genetic
background and therefore results might not apply to other ethnic-
ities. Additionally, in contrast to, for example, Japan, there are no
approved biologics for GPP in Europe.

5 | THE FUTURE: DISEASE
STRATIFICATION BY IDENTIFICATION OF
BIOMARKERS?

Advances in our knowledge of genetic variants of GPP, the inter-
action of autoinflammation and clinical phenotypes, and numer-

ous therapeutic options to treat GPP set the ground for a future of

precision medicine in the field. Today, we have opportunities to treat
GPP by targeting IL-23, IL-17, TNF-a, IL-1 o/ or IL-36 either blocking
the cytokines directly or via their receptors. However, in contrast
to PsO, all so far published studies in GPP are one-armed, uncon-
trolled, open-labelled trials with only a small number of patients and
some targets are solely investigated in case reports and case series.
Although applying those novel, cost-demanding biologics in GPP
comes with good chance to relieve the patient almost completely
from disease symptoms, selecting the right treatment for an indi-
vidual patient remains challenging. Due to the lack of specific objec-
tive biomarkers, it is currently impossible to predict the therapeutic
response of a given biologic in GPP.

In chronic inflammatory skin diseases, numerous efforts are cur-
rently undertaken to identify molecular biomarkers for improving
diagnostics, assess disease severity and stratify patients according
to chances of therapeutic response.**"*® For instance, HLA-C*06:02
genotype has been identified as a biomarker of biologic treatment
response in psoriasis predicting the response chances between
ustekinumab and adalimumab.?’

In the era of autoinflammatory keratinization diseases, the
CARD14 mutation has recently been proposed as a biomarker pre-
dicting therapy response to ustekinumab in familial PRP.*84? Yet, so
far biomarkers investigated in GPP like CRP are rather unspecific and
solely monitor disease activity.® More recently, plasma retinol has
been suggested as a predictive biomarker of disease activity and re-
sponse to acitretin,®® a conventional treatment option in GPP with
rather moderate efficacy. In this study, Yang et al present a signif-
icant reduction of plasma retinol levels in GPP patients compared
to patients with PsO, which correlated negatively with disease se-
verity. Moreover, response to treatment with acitretin, defined as
the reduction of PASI, correlated with an increase of plasma retinol
levels.>!

The oligogenic rather than monogenic inheritance in GPP sug-
gests that even more genetic disorders may underlie the pathogen-
esis of GPP. This is highlighted by the fact that IL-36 antagonizing
biologics succeed even in patients without an identified mutation
in relevant genes. Since the genetic background of GPP already
indicates differences between GPP with and without concomitant
PsO, further studies are needed to explore their role as biomarkers
in disease stratification and prediction of therapeutic response. The
Pustular Psoriasis Elucidating Underlying Mechanisms (PLUM) study
is currently investigating genetic features and associated biomarkers
which may complete the understanding of the GPP pathomechanism
and lead to an individual-based, personalized targeted medicine in
the future.’’

In summary, more and more genetic and expression biomarkers
are proposed to define GPP, assess its severity, or predict thera-
peutic response. On the other hand, our understanding of the un-
derlying pathogenesis of GPP improves and numerous therapeutic
options are available. Once we succeed to implement biomarkers
into our therapeutic strategy at an individual patient's level, GPP can
become a driving disease on the way to precision medicine in (auto-)

inflammatory skin diseases.
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