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ABSTRACT

Generalized pustular psoriasis (GPP) is a rare,
chronic, and severe inflammatory skin disorder
characterized by sudden eruption of sterile
pustules, often accompanied by systemic
inflammation. GPP flares can be life-threatening
if untreated, owing to potential serious com-
plications such as sepsis and cardiovascular
failure. Diagnosis and clinical measurement of
disease severity in GPP are often difficult. Lack

of standardized criteria in the international
guidelines and the heterogeneity of cutaneous
and extracutaneous symptoms make the diag-
nosis of GPP difficult. Clinical criteria for
description and diagnosis of pustular condi-
tions, including GPP, are variable and there is
no specific agreement on commonly sustained
concepts. Differentiation of GPP from other
similar conditions/diseases is important and
requires careful assessments. The evidence that
supports current topical or systemic therapies is
largely based on case reports and small studies.
Some biologic agents that target key cytokines
involved in the activation of inflammatory
pathways have been used as treatments for GPP.
Recently, spesolimab, an IL-36R antagonist, has
been approved in the USA and Japan for the
treatment of GPP flares in adults, but there are
no currently approved treatments for GPP in
Europe. The IL-36 pathway has recently
emerged as a central axis driving the pathogenic
inflammatory mechanisms of GPP. Biologic
agents that inhibit the IL-36 pathway have
shown efficacy and safety in patients with GPP,
addressing a generally considered unmet medi-
cal need.
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Key Summary Points

Generalized pustular psoriasis (GPP) is a
rare, chronic, and severe inflammatory
skin disorder characterized by sudden
eruption of sterile pustules, often
accompanied by systemic inflammation.

Lack of standardized criteria in the
international guidelines and the
heterogeneity of cutaneous and
extracutaneous symptoms make the
diagnosis of GPP difficult. Differential
diagnosis with entities like AGEP and
Sneddon–Wilkinson disease, among
others, is key.

The IL-36 pathway has recently emerged
as a central axis driving the pathogenic
inflammatory mechanisms of GPP.

Spesolimab has recently been approved in
the USA and Japan for the treatment of
GPP flares in adults. However, there are
neither guidelines nor specific treatments
approved in Europe for GPP. Biologic
agents that inhibit the IL-36 pathway
have shown efficacy and safety in patients
with GPP, addressing a generally
considered as unmet medical need.

Limited disease awareness, combined with
inaccurate diagnosis and similarity to
other variants of psoriasis, has classically
complicated the patient journey.

INTRODUCTION

Psoriasis is a systemic immune-mediated disor-
der that affects an estimated 2–4% of the Wes-
tern population [1–3]. Skin manifestations of
psoriasis include five forms or phenotypes: pla-
que psoriasis or psoriasis vulgaris, inverse, pus-
tular, guttate, and erythrodermic psoriasis.
Pustular psoriasis, which often occurs with
concurrent plaque psoriasis, is a rare entity with

sterile pustules that can be localized or gener-
alized [4, 5]. Classically recognized subtypes of
pustular psoriasis include generalized pustular
psoriasis (GPP), palmoplantar pustular psoriasis
(PPP), and acrodermatitis continua of Hallopeau
(ACH) [4–8]. This article presents an updated
review on the clinical characteristics and
pathogenesis of GPP, also revising current con-
cepts on diagnosis, evaluation, and new thera-
peutic options.

METHODS

The objective of the present paper is to conduct
a semi-structured literature review on epidemi-
ology, clinical characteristics, diagnosis, and
treatment of GPP. The MEDLINE database was
searched via PubMed to retrieve relevant articles
on generalized pustular psoriasis (GPP), using
appropriate controlled vocabulary. Variants,
subtypes, and synonyms were included (e.g.,
impetigo herpetiformis, extensive pustular pso-
riasis, and Von Zumbusch psoriasis), and MESH
(Medical Subject Headings) terms were pre-
ferred. A first search retrieved 524 articles. After
applying a language filter (only English and
Spanish languages were allowed) and a 5-year
time limit, we identified 215 articles.

Selected articles included clinical trials,
clinical series, systematic reviews, observational
studies, cohort studies, cross-sectional studies,
real-world evidence studies, consensus, surveys,
registry reports, and guidelines for diagnosis or
treatment. Other types of articles (e.g., letters,
comments) were excluded. Then, a set of 75
articles was chosen for the evaluation of titles
and abstracts. From these, 40 main papers were
selected using different keywords and the full
text of these articles was assessed to form the
core of the review. Other relevant articles were
subsequently added based on the personal
knowledge and experience of the authors.
Individual assessment of selected articles was
used as the basis for the review.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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RESULTS

Clinical Characteristics and Diagnosis

The condition currently known as GPP was first
described by Leopold von Zumbusch in 1910.
Since its first description, clinical characteristics
have not been consistently defined and several
descriptions and different diagnostic criteria
have been used [4–14].

Although there is no international consen-
sus, according to the consensus by the European
Rare and Severe Psoriasis Expert Network (ERA-
SPEN), GPP is defined as macroscopically visible
primary sterile pustules occurring on non-acral
skin and not restricted within psoriasis plaques
[5].

Sterile pustules are considered primary
lesions. The pustules that dry up can form scale
heaps or brownish scabs that slowly cast off.
These scabs may be considered evidence of
pustulation in cases where fresh pustules are not
detected. The influence of trigger factors, albeit
clinically recognized, is not considered diag-
nostic criterion.

GPP is subclassified according to the pres-
ence or absence of associated features such as
systemic inflammation, lesions of plaque pso-
riasis, and the clinical course (relapsing or per-
sistent). Criteria for systemic inflammation,
besides high erythrocyte sedimentation rate
(ESR) and serum C-reactive protein levels (CRP),
include fever higher than 38 �C and leukocyto-
sis defined by a white blood
cell (WBC) count greater than 12 9 109/l. The
condition should only be diagnosed when it has
relapsed at least once (relapsing type) or when it

persists for more than 3 months (persistent
type) [5].

According to the Japanese guidelines issued
by the Japanese Dermatological Association
(JDA), GPP patients must present systemic
symptoms such as fever and fatigue, systemic or
extensive flush (sic) accompanied by multiple
sterile pustules that sometimes merge to form
lakes of pus, and neutrophilic subcorneal pus-
tules corresponding to Kogoj’s spongiform
pustules. The aforementioned clinical and his-
tological features recur repeatedly [6–8]. A
comparison between Japanese and European
guidelines can be seen in Table 1 [5–8].

Epidemiology

GPP is a rare disease, which implies challenges
in collecting epidemiologic data. Population-
based estimates of GPP prevalence and inci-
dence are scarce. In addition, clinical awareness
is limited and the difficulty reaching a diagnosis
challenges the estimation of disease prevalence.
A high variability in prevalence between differ-
ent ethnicities and geographical regions has
been reported [9–15].

GPP can present at any age, from childhood
to old age, but the median reported age at
diagnosis is around 50 years [9–15]. In general,
female preponderance has been observed in
GPP patients. Early onset of GPP is more likely
in patients with the IL36RN mutation [16–19].

Globally, prevalence of GPP can be estimated
as 1–7 cases per million persons [8–15]. How-
ever, data are variable, and estimations range
from 1.76 cases per million in France to 7.46
cases per million in Japan, 180 cases per million

Table 1 Summary of criteria from Japanese Dermatological Association (JDA) and European Rare and Severe Psoriasis
Expert Network (ERASPEN) [5–8]

Systemic
symptoms

Pustules Histology Laboratory
abnormalities

Recurrence Concomitant plaque
psoriasis

JDA 2018 ? ? ? - ? ±

ERASPEN

2017

± ? - - ? ±

Notes: ? indicates present; ± indicates present or absent; - indicates non-specified
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in Italy, and 88–124 cases per million in Korea
[8–15].

Recently, Löfvendahl et al. conducted an
observational retrospective study to estimate
the prevalence of GPP in the Swedish general
population [15]. They used data from physician-
diagnosed GPP in a population-based health-
care registry over a 12-year observational period
and found a prevalence of 9.1 per 100,000. The
prevalence of GPP in women was 1.6 times
higher than in men (11.2 vs. 7.0 per 100,000),
and 43% of GPP patients also had a plaque
psoriasis code in the registry [15].

Clinical Course

The clinical course of GPP is highly variable.
GPP can appear as a relapsing disease with
recurrent flares and no pustulation between
flares, or it can be a persistent disease with
permanent pustulation in which flares of
greater severity can also occur [4–9].

Four forms are recognized according to the
onset of flares and the morphology of lesions.
Von Zumbusch GPP is the most severe presen-
tation, which may be life-threatening. It pre-
sents with rapid onset (7 days or fewer) of a
generalized pustular flare that may be experi-
enced by up to 90% of patients with GPP.
Annular GPP (Lapière-Millian) presents with a
generalized flare of circinate or annular lesions
with peripheral pustules that develops in
between 7 days and 3 months and is often
associated with relatively mild symptoms.
Chronic acral GPP is characterized by lesions
that begin in acral areas and spread gradually to
form a generalized pustular flare. ‘‘Mixed GPP’’
has features associated with more than one
subtype [9].

Choon et al. summarized the clinical char-
acteristics and outcomes from main GPP studies
[4]. Clinical symptoms are heterogenous, as are
their reported frequencies. High fever has been
recorded in 24–96% of patients during a GPP
flare and approximately 30–70% of patients had
leukocytosis with neutrophilia. GPP tend to be
associated with trigger factors (reported in
41–85% of cases), previous plaque psoriasis

(31–78%), arthritis (31–34%), and malaise/fa-
tigue (100%) [4].

Flares of GPP vary in frequency, severity, and
duration between patients and also between
episodes in the same patient. Severe flares can
be life-threatening and are usually accompanied
by systemic symptoms, such as high fever,
general malaise, and fatigue. The most fre-
quently reported cutaneous signs and symp-
toms of GPP include pustules, scaling, dryness,
swelling, erythema, skin pain, itching, and
burning sensation.

Extracutaneous manifestations, including
arthritis, uveitis, and neutrophilic cholangitis,
can also appear. Laboratory abnormalities,
including neutrophilia, elevated CRP levels,
abnormal liver function tests, hypocalcemia,
and hypoalbuminemia, may be associated with
flares [4–6, 9–13].

Patients may have numerous flares per year
or a flare every few years. Although the course of
flares is highly variable, most flares last between
2 and 5 weeks but may persist longer than
3 months and approximately 50% may require
hospitalization. Potentially life-threatening
extracutaneous complications, including sepsis
and renal, hepatic, respiratory, and heart fail-
ure, can occur and the reported mortality rates
range from 2 to 16% [4, 9, 13].

Triggers or Precipitating Factors

Flares may appear without an evident cause or
may be provoked by certain triggers or precipi-
tating factors such as rapid withdrawal of sys-
temic corticosteroids, infections, pregnancy,
menstruation, and stress. Other potential trig-
gers that have been implicated (mostly based on
small series or anecdotal evidence) include
hypocalcemia and vaccination. The use of
medications has also been reported as a precip-
itating factor. The most commonly reported
triggers are detailed in Table 2 [3, 4, 9–13].

Differential Diagnosis

In general, the diagnosis of GPP is mainly clin-
ical. Laboratory tests are helpful for diagnostic
confirmation and to assess the level of systemic
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inflammation and possible systemic complica-
tions that may lead to fatal outcomes. Potas-
sium hydroxide direct examinations can also be
performed to exclude generalized tinea corporis
and disseminated candidiasis, which may cause
scaling and pustulosis. Biopsies do not always
confirm the diagnosis of GPP (e.g., versus acute
generalized exanthematous pustulosis [AGEP]).
However, the diagnosis is clinico-pathological
and skin biopsies may reinforce the clinical
diagnosis of GPP [7]

At least 29 different primary pustuloses have
been described over the years with a wide range
of possible associated clinical features [5]. The
rarity of these conditions does not allow col-
lecting enough cases to establish diagnostic and
differential criteria. The clinical criteria for
description and diagnosis of pustular condi-
tions, including GPP, are variable, and it is dif-
ficult to reach a commonly accepted agreement.
Proposed definitions of pustuloses show several
discrepancies on subtypes, localizations, exten-
sion, presence of arthritis, pain, systemic
inflammation, and other characteristics [4–8].

Because of that, differential diagnosis in GPP is
of paramount importance.

The differential diagnosis of GPP flares vs
AGEP represents a clinical challenge and
requires a detailed clinical, histopathological,
and laboratory evaluation.

According to Fujita et al., the subcorneal
pustules in AGEP are spongiform and less out-
standing than GPP pustules [7]. The localization
and spongiform characteristic of the pustules
can help to differentiate AGEP from GPP in a
skin biopsy specimen. Necrotic keratinocytes
are more commonly found in AGEP pustules.
Generally, pustules in GPP do not contain
eosinophils, have more apoptotic keratinocytes,
and are localized at a higher epidermal level
than those of AGEP [7].

Mutations of the gene encoding interleukin-
36 receptor antagonist (IL-36RN) have been
found in some cases of AGEP, suggesting a close
relationship or overlap with GPP. However, a
drug reaction such as AGEP should be actively
ruled out to confirm the diagnosis of GPP [5].

Due to the lack of published evidence for the
differential diagnosis of GPP, the authors have
developed a detailed list of clinical features and
associated variables, as shown in the ‘‘Discus-
sion’’ section.

Another differential diagnosis of GPP is
Sneddon–Wilkinson disease or subcorneal pus-
tular dermatosis, a rare neutrophilic dermatosis
in which recurrent sterile pustules appear in the
most superficial (subcorneal) layers of the skin
[7]. Sneddon–Wilkinson disease has been
reported most commonly in adult or elderly
females and its etiology is unknown. It presents
with many flaccid pustules, several millimeters
in diameter, on normal or mildly erythematous
skin. The pustules are usually distributed in
annular or serpiginous patterns and are most
commonly located on flexural surfaces and on
intertriginous skin. A gravity-induced demarca-
tion in some vesiculopustules, with clear fluid
superiorly and pus inferiorly, is characteristic of
this disease. It is a chronic and benign condi-
tion; unlike GPP, subcorneal pustular dermato-
sis does not appear to be associated with
systemic symptoms [7], but associated disorders
should be considered, especially gammopathies
[20].

Table 2 Main triggers or precipitating factors for GPP

Medications Systemic corticosteroids (withdrawal),

vaccines, including COVID-19

vaccine, bethametasone ointment,

calcipotriol ointment, non-steroidal

anti-inflammatory drugs (NSAID),

progesterone, terbinafine, penicillin,

lithium, iodine, amoxicillin,

cyclosporine, hydroxychloroquine. Use

of anti-TNF and other biologics

Infections Streptococcus, Trichophyton rubrum,
cytomegalovirus, Epstein–Barr virus,

varicella zoster virus, Coronavirus

2019 (COVID-19) infections

Concomitant

diseases

Hypoparathyroidism, hypocalcemia

Others Pregnancy*, menstruation, stress

*The majority of patients reported other triggers in addi-
tion to pregnancy
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Etiology and Pathophysiology

Current histologic, genetic, and pathophysio-
logic data demonstrate that GPP is a distinct
entity from psoriasis vulgaris, and different
cytokine pathways are involved in the devel-
opment of each condition [6, 7, 16–19, 21, 22].

GPP may appear with pre-existing plaque
psoriasis, and common interlinked immuno-
logic pathways appear to contribute to the
pathogenetic basis of both entities. However,
unlike plaque psoriasis, where the adaptive
immune system and the interleukin (IL)-23/IL-
17 axis play a central pathogenic role, GPP
appears to be driven by an inflammatory
response resulting from hyperactivation of
innate immunity, with predominant participa-
tion of the IL-36 axis.

Johnston et al. reported that gene expression
studies on skin biopsy samples from patients
with GPP or plaque psoriasis showed that GPP
lesions have higher levels of IL-1 and IL-36 and
lower levels of IL-17A and interferon-c com-
pared with plaque psoriasis lesions [23]. In
addition, immunohistochemical analysis
revealed that GPP lesions contain higher levels
of neutrophilic chemokines compared with
plaque psoriasis lesions [23].

The IL-36 signaling cascade plays a role in
regulating the innate immune system, and its
dysregulation seems to be key to the patho-
genesis of GPP. The dysregulate expression of
different IL-36 pathway components provokes a
feedback loop of altered signaling and excess
production of inflammatory cytokines, which
in turn enhance chemokine induction and
recruitment of neutrophils in the epidermis
[16–19, 21, 22, 24].

The IL-36 Inflammatory Pathway

The interleukin (IL)-1 family of cytokines is
composed of 11 members, including the
proinflammatory cytokines IL-36a, IL-36b, and
IL-36c. Similar to IL-1, IL-36 cytokines can act as
initiators and amplifiers of inflammation [24].
The IL-36 cytokine agonists, i.e., IL-36a, IL-36b,

and IL-36c, bind to a common receptor to
stimulate inflammatory responses (IL-36R).
According to Bassoy et al., the IL-36 cytokines
are secreted predominantly by epithelial cells
and act on several cell types, including immune
cells, epithelial cells, fibroblasts, and ker-
atinocytes [25]. IL-36 cytokines are released as
precursors that require N-terminal truncation
for full pro-inflammatory activity. Their pro-
cessing and activation are produced by elastase,
cathepsin G, proteinase 3 (neutrophil-derived),
and cathepsin S (derived from keratinocytes and
fibroblasts). However, protease inhibitors like
alpha-1 antitrypsin (codified by SERPINA1) and
alpha-1 antichymotrypsin (codified by SER-
PINA3) inhibit IL-36 cytokines processing per-
formed by elastase and cathepsin G proteases,
respectively [26]. The role of IL-36 has been
demonstrated in the skin, where it can act on
keratinocytes and immune cells to induce an
intense inflammatory response. A role of this
family of cytokines in joint inflammation and
in pulmonary and intestinal pathophysiology
has also been shown [24, 25].

Uncontrolled expression and activation of
IL-36 cytokines can lead to self-perpetuating
inflammatory cascades [26]. IL-36 signaling
involves a complex of IL-36 receptor (IL-36R)
and IL-1R accessory protein (IL-1RAcP), dis-
seminating inflammatory responses in the
epithelium [26]. Therapeutic responses to IL-1
receptor inhibition in GPP tend to be incom-
plete, which suggests that IL-1 does not play a
central role in GPP but acts in a positive feed-
back loop inducing and being induced by IL-36
[23, 26].

According to Zhou et al., GPP can occur
through overexpression of IL-36 agonists or by
the expression of a dysfunctional IL-36R
antagonist (IL-36RA), encoded by mutations in
the IL-36RN gene that lead to a stimulating
feedback loop of uncontrolled signaling and
excess production of proinflammatory cytoki-
nes [17]. This induces some chemokines to
attract high numbers of neutrophils into the
epidermis, where the accumulation of neu-
trophils manifests as pustules, a hallmark of
GPP (Fig. 1) [26].
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GPP Genetics

In recent years, allelic variations and mutations
of IL36RN, CARD14, AP1S3, and MPO genes
have been found to be associated with GPP.
Among those genes, IL36RN mutations are the
most frequently encountered genetic abnor-
mality. These disease-related genes play a role in
common signaling pathways, especially in the
IL-1/IL-36 axis, the pathogenic inflammatory
pathway typically activated in GPP [17].

In as much as the correlation between
IL36RN mutations and GPP has been robustly

evidenced, not all patients with GPP harbor
mutations in this gene [27]. IL 36RN mutation
are present in 34.7% of European GPP patients,
and in 28.8% of Asian patients [28]. Overpro-
duction of IL-36 agonists is observed in GPP
patients with mutations in SERPINA3, the gene
encoding alpha-1 antichymotrypsin, an inhi-
bitor of cathepsin G, a protease secreted by
neutrophils that activates IL-36 precursors [29]
(Fig. 1).

GPP pathogenesis also appears to be medi-
ated by transcripts of other mutated genes. In
Asian patients, mutations in CARD14 have been

Fig. 1 Schematic representation of the signal transduction
pathway activated by cytokines and genes involved in IL-36
autocrine and autoinflammatory circuits. The pathogenesis
of GPP is related to mutations in multiple genes, such as
the human IL-1Ra gene (IL1RN), IL-36Ra (IL36RN),
caspase recruitment domain-containing protein 14
(CARD14), adapter protein complex 1 subunit sigma 3
(AP1S3), TNFAIP3-interacting protein 1 (TNIP1), and
the gene coding for alpha-1 antichymotrypsin, also known
as serine protease inhibitor gene serpin family A member 3
(SERPINA3). IL-1, TNF, and IL-17A promote the
expression of IL-36 by keratinocytes. IL-36 cytokines are
released as precursors requiring enzymatical cleavage by

neutrophil-derived proteases (elastase, cathepsin G, or
protease 3) and keratinocyte-derived cathepsin S. Mature
IL-36 cytokines have 500-fold greater biological activity
than their precursors and bind to IL-36R on the
keratinocyte cell surface, acting in an autocrine manner
to further induce IL-36 expression. In addition, they
induce the production and secretion of neutrophil
chemokines CXCL1, CXCL2, CXCL6, and CXCL8
(IL-8), increasing the attraction of neutrophils to the skin.
Serine protease inhibitors such as alpha-1 antitrypsin or
alpha-1 antichymotrypsin (encoded by SERPINA1 and
SERPINA3, respectively) can inhibit neutrophil proteases.
Adapted from Iznardo et al. [26]
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described as associated with GPP; the transcript
of CARD14 facilitates activation of nuclear fac-
tor-jB (NF-jB) in keratinocytes and other cell
types [18, 19, 21, 22, 24]. Mutations in MPO
leading to a deficit of myeloperoxidase—a neu-
trophil-associated lysosomal hemoprotein that
regulates protease activity, neutrophil extracel-
lular trap formation, apoptosis of neutrophils
and their clearance by monocytes—have also
been associated with GPP [16–19, 21, 22, 30–32]
(Fig. 1).

Therefore, while genetic and pathophysio-
logic data indicate that the IL-36 pathway is key
to the development of GPP, a better under-
standing of the associated complex immuno-
logic components is still needed.

Severity/Outcome Measures and Follow-
Up of Patients

The uncommonness of GPP and its heteroge-
neous cutaneous and extracutaneous symptoms
represent a challenge to the adoption of com-
prehensive and accurate disease measures for
the routine clinical assessment and follow-up of
patients. Plaque psoriasis disease scores are

commonly used measures for evaluating
patients with GPP. However, typical psoriasis
measures such as PGA (Physician Global
Assessment) or PASI (Psoriasis Area and Severity
Index) do not assess pustules, a key feature of
GPP. Therefore, specific scales to assess patients
with GPP are required, and some have recently
been developed (Table 3) [33].

Modified psoriasis clinical disease measures,
such as the Generalized Pustular Psoriasis
Physician Global Assessment (GPPGA) and
Generalized Pustular Psoriasis Area and Severity
Index (GPPASI), have been developed to
specifically assess GPP by replacing the indura-
tion component with a pustular component.

For GPPASI, the score for each body region is
calculated. The product of the sum of severity
scores and its corresponding BSA (body surface
area) score for erythema, scaling, and pustula-
tion, is multiplied by a weighting factor for each
body region. Then, the total GPPASI score is
determined by the sum of the individual scores
from all body regions (Fig. 2) [33].

The total GPPGA score is based on averaging
the individual scores for erythema, scaling, and
pustulation. The GPPGA score calculation is

Table 3 Clinical measures for follow-up of generalized pustular psoriasis (GPP) patients

Clinician

assessment

Pustular Psoriasis Physician Global

Assessment (GPPGA)

Physician-based assessment of severity of pustules,

erythema, and scaling of GPP lesions

Generalized Pustular Psoriasis Area and

Severity Index (GPPASI)

Modification of the PASI score, with the induration

component replaced by a pustule component

Japanese Dermatological Association

Severity Index of GPP (JDA-GPPSI)

Measures skin symptoms, systemic symptoms, laboratory

findings, and disease severity

Physician Global Assessment (PGA) Measures disease severity on a 7-point scale

Clinical Global Impression (CGI) scale Clinician’s view of patient’s global status before and after

treatment

BSA (body surface area) Evaluates the body surface area involved

Patient-

reported

outcomes

Psoriasis symptom scale (PSS) Measures pain, redness, itching, and burning

Pain visual analog scale (VAS) Measures pain severity

Functional assessment of chronic illness

therapy (FACIT)-fatigue

Assesses self-reported fatigue and impact on daily living

Dermatology Quality of Life Index (DLQI) Measures health-related quality of life
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detailed in Fig. 3 [34]. As pustules are the main
characteristic of GPP, a variation of GPPGA total
score is the GPPGA pustulation subscore, which
ranges from 0 to 4 points, where 0 means no
visible pustules and 4 represents severe
pustulation.

GPP Treatment

Up to date, spesolimab has been recently
approved in the USA and Japan for the treat-
ment of GPP flares in adults. There are no
specific treatments approved for GPP in Europe
[33, 35–38]. The evidence that supports the
efficacy and safety of treatments for GPP is
mainly based on case reports, case series, and
non-randomized studies. In general, the quality
of evidence according to GRADE methodology
is low [4–9, 18, 33, 35–38]. There is also a lack of
GPP treatment guidelines. Treatment guidelines
from Japan (JDA 2018) and the USA (NPF 2012)
have not been recently updated [5, 6]. The
Psoriasis Group of the Spanish Academy of
Dermatology and Venereology (GPs) classifies
GPP as a severe variant of psoriasis but does not
provide any treatment recommendations [36].

In general, for psoriasis, the treatment is
topical, phototherapy, systemic non-biological
or systemic biological. Topical treatments are
not recommended for GPP flares. In certain
cases, topical treatments such as steroids, cal-
cipotriene (calcipotriol), and tacrolimus should
be considered as maintenance or adjuvant
therapy [6, 35]. However, its use should be
monitored carefully because of the potential
induction of pustules after discontinuation of
topical steroids and also few cases of induction
of GPP have been reported with the use of
topical calcipotriol [6]), maybe because cal-
cipotriol ointment is a known irritant. In irri-
tative contact dermatitis, keratinocytes deliver
various cytokines, including IL-1, IL-6, TNF-a,
and IFN-c. If the area of irritation dermatitis is
considerably large, it is possible that the
amount of delivered cytokines may be sufficient
to precipitate GPP [39]. The current classifica-
tion for GPP therapies classifies treatment
options as biological and non-biological sys-
temic agents.

Non-biologic systemic therapies, including
corticosteroids, acitretin, cyclosporine, and
methotrexate have been typically used as first-
line options for GPP although the evidence in

Fig. 2 Generalized Pustular Psoriasis Area and Severity Index (GPPASI). Reproduced with permission from Burden et al.
[33]
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support of this is limited. Other non-biologic
agents that have been used for the treatment of
GPP, also with limited evidence, include
mycophenolate mofetil, hydroxyurea, apremi-
last, and colchicine. Considering the acute life-
threatening characteristics of GPP flares,
cyclosporine sometimes is preferred due to its
rapid onset of action [7, 8, 33, 35–38, 40].

In Japan and other Asian countries, several
biologics are approved for treatment of the
disease, including TNF inhibitors (infliximab,
adalimumab, and certolizumab pegol), IL-17/IL-
17R inhibitors (secukinumab, brodalumab, and
ixekizumab), and IL-23 inhibitors (risankizu-
mab and guselkumab) [7, 8, 33, 35–38, 40].
Although these therapies are approved for GPP
in Japan, all of them present uncertainties in
terms of safety and efficacy in GPP treatment
[36]. Their effectiveness in treating acute flares
is unknown and clinical evidence supporting
their use is scarce, coming typically from open-
label trials or case series in GPP patients.
Therefore, treatment of GPP flares and long-
term management of GPP patients are still
unmet medical needs [33, 35–38, 40]. Spesoli-
mab has recently been approved in Japan for
the treatment of GPP flares in adults.

According to a survey that included 29 der-
matologists from the USA and Canada partici-
pating in the Corrona Psoriasis Registry, 72% of
respondents indicated that treatments were too
slow to control flares and 67% of them

indicated that treatment does not help in pre-
venting new flares [38].

IL-36 Targeted Therapies

Advances in the intricate details of genetic
mutations and immunological mechanisms
have led to a better understanding of GPP
pathogenesis and brought up considerable
implications on diagnosis and treatment. The
identification of the central role of the IL-36
signaling pathway in the pathogenesis of GPP
gave rise to potential new therapies. Given the
life-threatening nature of GPP episodes, drug
interventions that rapidly achieve disease reso-
lution are required. Recent data indicate that IL-
36 pathway inhibitors (spesolimab and imsi-
dolimab) represent novel potential therapeutic
options for GPP patients [34, 41–44].

In a phase II, multicenter, double-blind,
placebo-controlled trial, (Effisayil 1 study),
Bachelez et al. randomized patients with a GPP
flare in a 2:1 ratio to receive intravenous spe-
solimab (n = 35) or placebo (n = 18) [43]. The
primary endpoint was a Generalized Pustular
Psoriasis Physician Global Assessment (GPPGA)
pustulation subscore of 0 at the end of week
1. At baseline, 46% of the patients in the spe-
solimab arm and 39% in the placebo arm had a
GPPGA pustulation subscore of 3, while 37 and
33%, respectively, had a pustulation subscore of
4. At the end of week 1, a total of 19/35 patients

Fig. 3 Components and methodology of the GPPGA
score for evaluation and follow-up of GPP patients.
Adapted from Choon et al., AAD-VMX 2021 [34].

GGPGA, Generalized Pustular Psoriasis Physician Global
Assessment. AAD-VMX American Academy of Dermatol-
ogy—Virtual Meeting Experience
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(54%) in the spesolimab group had a pustula-
tion subscore of 0 (complete pustular clear-
ance), as compared with 1/18 patients (6%) in
the placebo group. In addition, a total of 15/35
patients (43%) achieved a GPPGA total score of
0 or 1 (complete or almost complete clearance
of skin lesions), as compared with 2/18 patients
(11%) in the placebo group, showing a signifi-
cant difference (P = 0.02) between treatment
groups [43]. Related to safety, similar rates of
adverse events were reported in the spesolimab
and placebo arms (66 vs. 56% of the patients,
respectively) at week 1. Spesolimab demon-
strated an acceptable safety profile compared to
placebo. Finally, according to Morita et al., the
efficacy and safety of spesolimab in Asian
patients was comparable to that in the overall
population, supporting its use in the treatment
of GPP flares [18].

Clinical trials on imsidolimab are ongoing
but their results have not yet been published
[26, 44].

Special Populations

There are two special populations that can be
affected by GPP, pediatric patients and pregnant
women [4, 10, 45–48].

GPP can occur as a rare form of childhood
psoriasis, often requiring systemic therapy. In
pediatric GPP, the circinate annular form is
considered apart. A specific case of childhood
GPP is the DITRA syndrome. DITRA (deficiency
of interleukin-36 receptor antagonist) is a life-
threatening autoinflammatory disease caused
by autosomal-recessive mutations in the inter-
leukin-36 receptor. DITRA patients have a
higher risk of recurrent episodes of GPP with
systemic inflammation and fever [47]. Treat-
ment of pediatric or juvenile GPP is challenging
because there is a paucity of randomized con-
trolled trials and standardized guidelines. Bio-
logic agents have been used in pediatric
psoriasis but the evidence of their efficacy in
refractory cases of pediatric GPP has been scarce
and slow in gathering. Many case series have
reported the successful use of biologic agents in
pediatric GPP, but a better understanding of the
efficacy and safety profile of biologic agents in

this population remains an unmet need
[10, 19, 45, 47, 48].

Pregnancy-associated GPP, also known as
impetigo herpetiformis, is most frequently
observed in the last trimester of pregnancy. It is
now believed to be the same disease as acute
GPP because most patients have other triggers
in addition to pregnancy [4, 18]. Multiple sterile
pustules are observed with annular configura-
tion on an erythematous base, usually starting
at flexural areas with subsequent spreading over
the body. Systemic symptoms, such as fever,
chills, fatigue, nausea, diarrhea, polyarthralgia,
and laboratory abnormalities, such as hypocal-
cemia, can be observed. Impetigo herpetiformis,
especially if severe and long-lasting, may lead to
poor neonatal outcomes, and even to maternal
death. Most patients experience prompt remis-
sion in the post-partum period, and recurrences
with subsequent pregnancies are frequent,
sometimes with earlier onset and greater sever-
ity. For some researchers, it is still controversial
whether this entity should be considered dif-
ferent from GPP [4, 18, 47].

DISCUSSION

GPP is a rare, chronic, and potentially life-
threatening disease that poses multiple diag-
nostic and management challenges to derma-
tologists. The rarity of GPP and their variable
cutaneous and extracutaneous manifestations
represent a challenge to the development of
disease measures for the clinical assessment and
follow-up of disease and its response to treat-
ment [34]. The authors recommend using
GPPGA or GPPASI for outcome assessment and
patient follow-up. Its implementation in rou-
tine clinical practice will depend on its incor-
poration into hospital protocols or future
guidelines.

The unusual nature of GPP can make diag-
nosis problematic, and the existence of numer-
ous different pustular diseases further
complicates it. For example, the similarity
between GPP and AGEP, a severe cutaneous
drug reaction, poses diagnostic and therapeutic
problems [3–7, 49, 50].
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Since differential diagnosis is key to correctly
diagnose GPP and there is a lack of evidence in
the literature, the authors propose a table with
the characteristics of the most similar diseases
that need to be ruled out before diagnosing GPP
(Table 4) [51].

Particular interest has been generated in this
area by some recent reports of different types of
pustular psoriasis, including de novo or exac-
erbated GPP, related to COVID-19 or following
COVID-19 vaccination [52–55].

The only Spanish evidence of GPP patient
characteristics comes from a multicentric study
presented by Aragon et al. including 24 GPP
patients [46]. Regarding comorbidities, 58.3% of
patients had dyslipidemia, 45.8% had hyper-
tension, and 41.7% had psoriatic arthritis.
Twenty-three out of 24 patients required sys-
temic treatment during a median of 18 months
for the management of the flares, and one-third
of these patients were treated previously with
biologic agents. Regarding current therapy,

Table 4 Differential diagnosis between GPP and other similar conditions: clinical features and associated variables

GPP AGEP Subcorneal pustular dermatosis
(Sneddon–Wilkinson disease)

Clinical features

and evolution

Rapid expansion with

erythematous borders studded

with pustules; four clinical

subtypes: von Zumbusch GPP,

annular GPP, chronic acral

GPP, mixed GPP; long-lasting

(weeks to months)

Numerous small, non-follicular

pustules; can coalesce leading

to large areas of exfoliation.

Early start (hours–3 days).

Rapid resolution (\ 15 days)

Pustules in a circinate pattern;

peripheral expansion with

central clearing; Axillae, groin,

and inframammary areas.

Gravity-induced demarcation

in some vesiculopustules, with

clear fluid superiorly and pus

inferiorly. Associated disorders

should be considered:

rheumatologic diseases,

inflammatory bowel disease, or

gammopathies [51]

Psoriasis

previous

history

Sometimes Rare –

Pharmacological

antecedent

Sometimes Always No [51]

Clinical

recurrence

Yes Only if the drug is given again Yes

Histological

findings

Intraepidermal or subcorneal

pustules. Regular acanthosis,

papillomatosis. Dilated

tortuous vessels

Subcorneal pustules. Necrotic

keratinocytes. Edema in the

upper dermis, and

polymorphic perivascular

infiltrates with frequent

eosinophils

Subcorneal pustules; neutrophils

in the epidermis; No

intercellular epidermal IgA

deposition

Arthritis 31–34% No –

GPP generalized pustular psoriasis, AGEP acute generalized exanthematous pustulosis
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almost all patients (23/24) were treating with
any systemic therapy: 41.7% (10/24) with bio-
logic therapy, 9/24 (37.5%) with conventional
systemic (methotrexate, acitretin photother-
apy) and 4/24 (16.7%) with apremilast [46].

According to the results of a recent system-
atic literature review (SLR), there is a scarcity of
high-quality evidence for treatments of GPP
that can rapidly and completely resolve symp-
toms with an acceptable safety profile. The most
commonly used oral systemic options, accord-
ing to the SLR conducted by Puig et al. that
included 114 studies, were cyclosporine,
methotrexate, and acitretin. However, the
overall grade of evidence regarding their effi-
cacy and safety was low. The evidence for bio-
logic agents, although generally coming from
uncontrolled clinical studies and case series,
shows favorable efficacy, faster time to clear-
ance of GPP pustules, and a good safety profile
[45].

Treatment goals in GPP are not well defined
due to a lack of consistent treatment guidelines.
Therefore, immediate treatment of GPP flares
and long-term management of patients with
GPP are riddled with uncertainty [4, 35]. Ther-
apeutic goals can be classified as immediate/
short term and long term. Immediate thera-
peutic goals during a GPP flare include
improving skin manifestations (stopping and
preventing the appearance of pustules) and
reducing the burden of systemic symptoms.
Rapid control of skin symptoms, within a week
of treatment, is now a feasible treatment goal
based on the results of clinical trials with IL-36
inhibitors [42]. Short-term treatment goals
should focus on maintaining a low and
stable GPPGA score (between 0 and 1 points),
without systemic inflammation. Regarding
long-term management, treatment goals should
focus on the prevention of new GPP episodes or
disease worsening, with effective periodic
monitoring strategies (e.g., GPPGA assessments)
and clinical controls to detect or limit recur-
rence of flares [4, 7, 18, 35]. However, efficacy
measurements (e.g., PASI) often used to evalu-
ate effectiveness are not designed to measure
effectiveness in GPP. In addition, there is also a
lack of evaluation of early timepoints, e.g.,

during the first week of treatment, which is
crucial for GPP.

CONCLUSIONS

In conclusion, GPP is a rare, chronic, and sys-
temic disease that has recently benefited from
advances in our understanding of its genetic
and molecular basis. Limited disease awareness,
combined with inaccurate diagnosis and simi-
larity to other variants of psoriasis, has classi-
cally complicated the patient journey. It is
common for the GPP patient to be seen at
emergency rooms by non-expert physicians,
and inappropriate diagnosis and therapeutic
interventions may worsen the prognosis.
Therefore, medical education programs are
required to increase clinical awareness and
improve the patient journey pathway.

The role of the IL-36 pathway as a key
inflammatory axis in the pathogenic mecha-
nism of GPP is driving the development of new
treatments for this condition and possibly other
rare inflammatory cutaneous disorders which
have traditionally been considered to represent
unmet medical needs.
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