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Abstract

Generalized pustular psoriasis (GPP) is a chronic, systemic inflammatory disease accompanied
by high fever and general malaise. Diffuse erythema and swelling of the extremities occur with
multiple sterile pustules all over the body in GPP patients. GPP often relapses over the lifetime
and can be life-threatening. Recent discoveries of the underlying molecular genetic basis of
many cases of this disorder have provided major advances to clinicians and researchers towards
an understanding of the pathomechanism of GPP. However, the therapeutic management of GPP
still faces many challenges and much uncertainty, and an evidence-based review summarizing
the available clinical data on the management of this heterogeneous disease is needed. The
present review addresses challenges regarding the precise clinical diagnosis and evaluation of
clinical symptoms in GPP. In addition, we update and briefly summarize the current
understanding of molecular pathomechanisms behind GPP as an autoinflammatory keratinization
disease. Recent publications have clarified the genetic backgrounds of patients with GPP and
ethnic differences in predisposing factors. Although there are ethnic differences in the
prevalences of these pathogenic alleles, from the recent reports, at most 60.5% (IL36RN), 5.9%
(CARD14) and 10.8% (AP1S3) of GPP patients have the mutations/variations of these genes. All
the reported biologics studied seemed effective and relatively safe. Although it is difficult to
evaluate therapeutic efficacy from studies on just a few cases, recent findings suggest that
biologics can be a useful, powerful tool for controlling skin and systemic inflammation in GPP

and for improving the quality of life of GPP patients.

Key points
Generalized pustular psoriasis patients frequently have IL36RN mutations and occasionally have

CARD14 or AP1S3 variants/mutations.
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Generalized pustular psoriasis cases with IL36RN, CARD14 or AP1S3 mutations/variants are
included in autoinflammatory keratinization diseases (AiKD).

Biologics are promising treatments for generalized pustular psoriasis.
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1. Introduction

1.1 Background

Generalized pustular psoriasis (GPP) is traditionally classified as the most severe form of pustular
psoriasis (Table 1), although some reports have proposed that GPP alone can be treated as a distinct
etiology because it differs strikingly from psoriasis vulgaris and pustular psoriasis in terms of its
clinical, histological and genetic backgrounds [1, 2]. Diffuse erythema and swelling of the
extremities occur with multiple sterile pustules all over the body in patients with GPP (Fig. 1a).
GPP is a chronic, systemic inflammatory disease accompanied by high fever and general malaise.
GPP often relapses over the lifetime, and fatal outcomes have been reported [3]. Various findings
indicate that the GPP pathogenesis involves a combination of autoinflammation and T-cell
mediated mechanisms, although these mechanisms would not normally seem related and might
even seem contradictory [4]. In 2011, IL36RN mutations were reported as causative genetic defects
in several GPP cases, suggesting deficiency of the IL-36 receptor antagonist [5, 6]. Moreover, we
and another group reported that CARD14 mutations/variants are associated with GPP [7-9].
Proinflammatory genetic variants in CARD14 and APIS3 found in GPP promote NF-«B activation
[10]. Thus, discovering the underlying molecular genetic basis of many cases has given clinicians
and researchers major advances in their understanding of GPP pathomechanisms.

However, the therapeutic management of GPP still faces many challenges and much uncertainty,
and an evidence-based review summarizing the available clinical data on the management of this
heterogeneous disease is warranted. This review addresses challenges regarding the precise
clinical diagnosis and presentation of GPP and the issues surrounding them. We focus on
evaluating the short-term and long-term safety, efficacy and tolerability of treatments available for
GPP. In addition, we briefly update the current understanding of molecular pathomechanisms

behind GPP as an autoinflammatory keratinization disease (AiKD).
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1.2 Comorbidities of GPP

Choon et al. reported 102 Malaysian patients with adult-onset GPP [11]. In their paper,
comorbidities of adult-onset GPP included obesity (42.9%), hypertension (25.7%), hyperlipidemia
(25.7%) and diabetes mellitus (23.7%) [11]. Additionally, nine cases with ischemic heart disease
(8.8%, 9/102) and four with hepatitis B infection (3.9%, 4/102) were reported [11]. Borges-Costa
et al. noted that abnormalities in liver enzymes were present in 47% of patients [12]. In a
comparison between groups of patients with versus without liver abnormalities, a male
preponderance and higher leukocyte counts were found in the former, with a positive correlation
between the absolute neutrophil count and total bilirubin also being observed [12]. Although the
actual prevalence and long-term outcome of neutrophilic cholangitis is currently unknown in
patients with GPP, neutrophilic cholangitis is also known as a complication of GPP [13]. Moreover,
around 30% of patients are eventually affected with polyarthritis [14, 15]. In terms of oral lesions,
an association between GPP and geographic tongue was identified. A higher prevalence of
geographic tongue was reported in both a GPP cohort (83.9%, 47/56) and a family member cohort
(47.8%, 32/67), versus the control cohort (0/168) or previous reports (ranging from 0.2 to 14.29%)
[16, 17]. The lips may become red and scaly, and superficial ulceration may occur [15]. Although
the comprehensive frequencies have not been reported, other possible comorbidities are
hypoalbuminemia, hypocalcemia (a consequence of hypoalbuminemia), renal tubular necrosis (as
a result of hypovolemia) and secondary infectious diseases. Hypoparathyroidism has also been
reported in association with GPP [18, 19]. On other rare occasions, the disease is followed by

pulmonary capillary leakage, pulmonary emphysema, jaundice and renal failure [15].

2. Diagnostic criteria and differential diagnosis

2.1 Diagnostic criteria for GPP
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Fujita et al. summarized the primary parameters for the diagnosis of GPP in the Japanese
therapeutic guidelines for GPP [20]. The four primary features are (i) systemic symptoms (e.g.,
high fever and fatigue), (ii) systemic or extensive flush accompanied by multiple sterile pustules
that sometimes merge to form lakes of pus, (iii) neutrophilic subcorneal pustules
histopathologically characterized by Kogoj’s spongiform pustules, and (iv) the repeated recurrence
of the above clinical and histological features [20]. They assessed the sensitivity of the four
primary features with reference to 41 patients with GPP, as summarized in Table 2. These four
primary parameters can be assessed in most dermatology clinics, because no special techniques
are required. The current clinical diagnostic parameters for patients with GPP may benefit
clinicians when they evaluate patients in the early stage, by enabling accurate diagnostic data that

can have immediate clinical relevance to patient diagnosis and management [20].

2.2 Diagnostic methods

Skin biopsies may show hyperkeratosis with neutrophilic microabscesses in the epidermis (Fig.
1b). The formation of subcorneal pustules and spongiform pustules of Kogoj is characteristic of
GPP. In addition, neutrophilic and lymphocytic infiltration is often seen in the upper dermis. A
combination of the clinical features, histological observations and DNA sequencing of IL36RN,
CARD14 and AP1S3 is the best way to establish the diagnosis of GPP. Although there are ethnic
differences in the prevalences of these pathogenic alleles, from recent reports, at most 60.5%
(IL36RN) [21-25], 5.9% (CARD14) [21] and 10.8% (AP1S3) [21] of GPP patients have the

mutations/variations of these genes.

2.3 Differential diagnoses for GPP
Clinically, a number of inflammatory diseases should be excluded for the accurate diagnosis of

GPP, and these are described here.
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2.3.1 Infectious diseases

Differential diagnoses for GPP include various infectious diseases, such as acute generalized
pustular bacterid, bullous or non-bullous impetigo, and multiple sweat gland abscesses in infants
caused by bacterial infections. In general, these infectious diseases do not show the edematous
erythema that is a characteristic eruption of GPP patients. Repeated cultures for microorganisms

and Gram-staining of blood/skin samples are useful for diagnosing these infectious diseases.

2.3.2 Other types of pustular psoriasis and pustular diseases

Among other types of pustular psoriasis and pustular diseases, circinate and annular forms of
pustular psoriasis, subcorneal pustular dermatosis, and localized pustular psoriasis must be
excluded, although they may share certain clinical and histopathological features with GPP (Table

1).

2.3.3 Systemic autoinflammatory diseases and drug eruptions

Various forms of systemic autoinflammatory diseases should be considered as differential
diagnoses, although the presence of pustulosis is the differential and specific feature of GPP. Most
conventional autoinflammatory diseases/syndromes are known to have skin symptoms. Their
various skin manifestations include urticarial eruptions, erythema nodosum-like lesions and
pustular acne [26].

Differential diagnoses from other drug-induced eruptions (e.g. acute generalized exanthematous
pustulosis (AGEP), or pustular-type drug eruptions) are made. A first flare of GPP is particularly
difficult to differentiate from AGEP in some cases. Similarly to GPP, some AGEP cases are
associated with mutations in IL36RN and have clinical and histopathological features that overlap

with those of GPP [27, 28]. A detailed drug history of the patient might be useful information for
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differentiating between GPP and AGEP. In addition, AGEP tends to have a more favorable
prognosis than GPP has, with AGEP patients typically recovering more quickly, in about 10 days

[27, 28].

3. Treatments

The application of several biologics has demonstrated how dramatically these new treatments
can improve the quality of life as well as skin symptoms of patients with GPP. However,
controlling the disease severity of GPP remains challenging. Due to the overall rarity of GPP, it
IS not easy to establish standard treatments. This review focuses on updates of GPP treatments

involving several biologics.

3.1 Effective treatments for the acute phase (short-term)

Systemic management and drug therapies are essential parts of GPP treatment because the direct
cause of death is often cardiorespiratory failure [20]. Additionally, the management of respiratory
failure and of infectious diseases and the discontinuation of aggravating drugs with the
concurrent systemic administration of corticosteroids are effective [20]. Many other systemic
therapies (etretinate, cyclosporin, methotrexate, biologics (see below: “3.3 Newly developed
systemic treatments involving biologics” and Table 4) and granulocyte and monocyte adsorption
apheresis have been reported as effective for the acute phase; however, the evidence for each is
insufficient. The selective depletion of increased granulocytes and monocytes by adsorptive

apheresis is proven to alleviate GPP symptoms and related disorders [29].

3.2 Conventional medications for long-term management
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Fujita et al. [20] analyzed 2010 data from the Japanese national clinical database, involving 1350
patients with GPP, and found that etretinate accounted for 35.6% of all oral medications, with an
efficacy rate of 87.1%, while the usage and corresponding efficacy rates were 37.8% and 87.6%
for cyclosporin, 6.4% and 84.9% for methotrexate, and 16.6% and 83.5% for corticosteroids,
respectively. Efficacy was evaluated by each clinician who provided information to the database.
For topical medications, the usage and efficacy rates were 84.2% and 87.8% for corticosteroids,
65.7% and 86.6% for activated vitamin D3, 11.0% and 74.5% for phototherapy, and 2.1% and
78.6% for an ultraviolet light therapy called “psoralen plus ultraviolet light-A therapy”,

respectively [20].

3.3 Newly developed systemic treatments involving biologics

The literature has described the efficacy and safety of various biologics for GPP patients. We
performed a literature search in MEDLINE to identify all relevant studies on the use of biologics
for GPP (from January 2016 to August 2019). We identified five open clinical trials involving at
least five GPP patients each, not including case reports (Table 3; we define “open clinical trials”
as open trials not single- or double-blinded). However, as GPP is an extremely rare disease,
clinical trials are difficult to perform. Most clinical trials involving GPP patients have been
reported from Japan. From countries other than Japan, only a few case reports have been
published. Although a methodology for the assessment of efficacy against GPP has not been
sufficiently established, all the biologics studied seemed to be effective and relatively safe (Table
3) [30-34]. We summarize the biologics from anti-TNF biologics to anti-1L17 pathway biologics
briefly, as follows.

As observed in clinical practice, skin inflammation is a predominant feature of GPP and high
TNF-a levels may be responsible for the signs and symptoms of the disease [35, 36]. Esposite et

al. reported that their GPP case series demonstrated favorable and persistent control of signs and

10
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symptoms of the disease during treatments with the TNF-a inhibitor etanercept, a fusion protein
containing human TNF-a receptor [35]. TNF-a-blocking agents, including infliximab,
adalimumab and etanercept, were early biologics approved as treatments for psoriasis vulgaris
and were the first applied for off-label use against GPP [37]. In fact, several TNF-a inhibitors
have been reported to cure GPP successfully [38], while sometimes inducing generalized
pustular eruptions [39]. From France, Viguier M. et al. reported the efficacy and safety of TNF
inhibitors in a series of patients with GPP (two out of 11 GPP patients had mutations in IL36RN)
[40]. In their report, the immediate efficacy of TNF inhibitors in controlling acute GPP attacks
was evaluated in 16 flares (infliximab, 10; adalimumab, 3; and etanercept, 3) [40]. In the 10
patients who received infliximab, clinical remission was obtained in 8 flares (80%), with a
median time for pustule clearance of 2 days (range: 1-8 days) [40]. Thus, TNF inhibitors
appeared to provide great help in the control of the acute phase of GPP [40].

The strong expression of IL-17A has been consistently observed in skin specimens of GPP
patients [41, 42]. A few open clinical trials with IL-17A antagonists (secukinumab [30],
ixekizumab [31]) or an IL-17RA antagonist (brodalumab [32]) have been performed in Japan.
These studies showed good efficacy for each compound, and IL-17 antagonists have been
approved for the treatment of GPP in Japan [41]. Seven GPP patients treated with IL-17A
antagonists (six with secukinumab and one with ixekizumab) were reported from Germany, all of
whom showed a good or excellent clinical response without severe adverse events [41]. Anti-1L-
17A therapy was well tolerated and ongoing in all patients after an average therapy duration of

12.9 months [41].

3.4 Published or ongoing clinical trials of treatments for GPP
We searched the Clinicaltrials.gov database (https://clinicaltrials.gov/) using ‘generalized

pustular psoriasis’ as the search term in the field ‘Condition or disease’ (September 2019). After

11
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filtering out the results for PPP, we identified quite a few completed or ongoing clinical studies
for drugs. Bl 655130 (Spesolimab), which is a monoclonal antibody against the interleukin-36
receptor, is being used in phase 2 and phase 3 clinical trials. The published preliminary results
from a phase 1 study revealed that the inhibition of the interleukin-36 receptor with a single dose
of Bl 655130 might reduce the severity of GPP over a 20-week period [43]. The efficacy of Bl
655130 regardless of the presence of the IL36RN mutation suggests that the interleukin-36
pathway may play a pathogenic role in patients with GPP who have different genetic
backgrounds, including those without target mutations [43]. ANB019, another humanized
monoclonal antibody for the interleukin-36 receptor, is also in clinical trials for patients with
GPP and pustular psoriasis.

Patients with GPP have been enrolled in clinical trials of risankizumab (a humanized monoclonal
antibody targeting IL-23A), certolizumab pegol (a PEGylated anti-TNFa biologic) and anakinra
(a human interleukin-1 receptor antagonist). However, the results have not been published.
Recently, Papp K, et al. reported that the selective inhibition of tyrosine kinase 2 (TYK2) with
the oral agent BMS-986165 at doses of 3 mg daily or higher resulted in greater resolution of
psoriasis than did the placebo over a 12-week period [44]. TYKZ2 inhibitors, such as BMS-
986165, might also be useful for patients with GPP. Although longer durations and larger sample
sizes are needed to evaluate efficacy and safety in actual clinical use, these new medications may

be able to change treatments for GPP patients dramatically in the near future.

4. GPP as a representative disorder of AiIKD
Recently, we proposed the new disease concept of AiKD to encompass inflammatory
keratinization disorders with autoinflammatory pathogenic mechanisms [45, 46]. AiKD have

main inflammation sites in the epidermis and the upper dermis, and the inflammation leads to

12
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hyperkeratosis. In the pathogenesis of AiKD, primary genetic causative factors associated with
the hyperactivation of innate immunity (autoinflammation) play important roles, mainly in the
epidermis and the upper dermis. AiKD includes several diseases [47], such as GPP associated

with IL36RN and CARD14 mutations/variants.

4.1 GPP associated with IL36RN mutations

IL36RN mutations were reported as causative genetic defects in several GPP cases [5, 6].
IL36RN encodes the interleukin 36-receptor antagonist (IL36Ra), which is an anti-inflammatory
cytokine. Deficiency of IL36Ra and aberrant IL36Ra structure and function lead to up-regulated
signal transduction of IL-1 family cytokines, resulting in the unregulated secretion of
inflammatory cytokines and GPP. Patients who develop GPP are not limited to those with
homozygous or compound heterozygous mutations in IL36RN, but include those with
heterozygous mutations in that gene [20, 23, 48]. In this study, patients were classified as
“positive” if they carried at least one mutation in IL36RN (Table 4). The prevalence of IL36RN
mutations was significantly high in patients with GPP (Table 4). Importantly, most GPP cases
without preceding psoriasis vulgaris had mutations in IL36RN [23, 24, 49]. Setta-Kaffetzi et al.
noted that disease severity did not differ significantly in patients with a single heterozygous
mutation in IL36RN from those with a homozygous mutation or compound heterozygous
mutations in IL36RN [50, 51]. However, Hussain et al. reported that IL36RN mutation-positive
patients manifested a more severe clinical phenotype characterized by an earlier age of onset and
an increased risk of systemic inflammation compared to those in the IL36RN mutation-negative
patients [51, 52].

It has not been well studied whether such mutations in IL36RN influence therapeutic responses
to drugs. No clear influence on the therapeutic response has been identified [41]. In the literature,

patients successfully treated with ustekinumab [53] or with IL-17A antagonists have been

13
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reported in patient subgroups with and without IL36RN mutations [41]. Significant contributions
of IL-17A, TNF, IL-1, IL-36, and interferons to the pathogenesis of psoriasis vulgaris and GPP
have been reported, although the GPP lesions showed higher IL-1 and IL-36 and lower IL-17A
and IFN-g mRNA expressions than psoriasis vulgaris lesions showed [54]. Thus, the I1L-1/IL-36
inflammatory axis might be a potent driver of disease pathogenesis in GPP [54]. Arakawa et al.
reported that unopposed IL-36 signaling promotes antigen-driven and likely pathogenic T-helper
type 17 responses in GPP [4]. They revealed that CD4" T cells in the peripheral blood and skin
lesions of GPP patients were characterized by intense hyperproliferation, the production of the
GPP key mediator IL-17A, and highly restricted TCR repertoires with identical T-cell clones in
the peripheral blood and skin lesions, indicating antigen-driven T-cell expansions [4]. Recently,
Campbell J. et al. reported CCR6 and CXCR2 as novel targets for a mechanistically distinct
therapeutic approach for inflammatory skin diseases with dysregulated 1L-36 signaling, such as
GPP [55]. They found that the immune cells infiltrating in the IL-36a-injected mouse skin
showed a dramatically different composition from those of infiltrating cells in imiquimod-treated
skin [55]. Ligands for chemokine receptors CCR6 and CXCR2 were increased in both GPP and
IL-36a-treated skin [55]. Additionally, an optimized small-molecule antagonist (CCX624,
targeting CCR6 and CXCR2) significantly reduced the infiltration of T cells, neutrophils, and
inflammatory dendritic cells in IL-36a-treated skin and was more effective at reducing

inflammatory symptoms than saturating levels of anti-1L-17RA monoclonal antibodies was [55].

4.2 GPP associated with CARD14 mutations/variants

Gain-of-function mutations in CARD14, which encodes caspase recruitment domain family
member 14 (CARD14), were identified as the cause of familial psoriasis vulgaris and familial
PRP in 2012 [56, 57]. CARD14 is mainly expressed and localized in epidermal keratinocytes.

CARD14 is regarded as a scaffold protein regulating the signaling pathway of NF-kB, and it

14
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contributes to inflammatory responses within the epidermis [56-58]. Shao S. et al. [59] reported
that neutrophils isolated from patients with GPP induced the up-regulated expression of
inflammatory genes including IL-1b, IL-36G, IL-18, TNF-a, and C-X-C motif chemokine ligands
in keratinocytes more than normal neutrophils did. Moreover, neutrophils from patients with
GPP secreted more exosomes than controls did, and these neutrophils were then rapidly
internalized by keratinocytes, increasing the expression of these inflammatory molecules by
activating the NF-xB and MAPK signaling pathways [59].

We and another group reported that CARD14 variants are associated with GPP and palmoplantar
pustular psoriasis [7, 8]. In addition, we reported the first autosomal dominant familial GPP
pedigree associated with CARD14 mutations [9]. Clinically, CARD14 mutations are observed in
only a minority of GPP cases [21]. Our group and Li et al. reported that GPP with psoriasis
vulgaris and GPP without psoriasis vulgaris have different genetic backgrounds in terms of

CARD14 mutations/variants [2, 7].

4.3 GPP associated with AP1S3 mutations

Adaptor-related protein complex 1 (AP-1) is an evolutionary conserved heterotetramer that
promotes vesicular trafficking between the trans-Golgi network and the endosomes [10]. In
2014, Setta-Kaffetzi et al. reported two founder mutations in AP1S3, the gene encoding AP-1
complex subunit sigma-3, in 15 unrelated individuals with severe pustular psoriasis, including
GPP [10]. AP1S3 expression is distinctively elevated in keratinocytes [60]. AP1S3 silencing in
their generated AP1S3-knockdown cell lines disrupts the endosomal translocation of the innate
pattern-recognition receptor TLR-3 and results in a marked inhibition of downstream signaling
[10]. In addition, Mahil et al. reported that AP1S3 knockout in several cell lines disrupts
keratinocyte autophagy, causing the abnormal accumulation of p62, an adaptor protein mediating

NF-kB activation, and as a consequence, AP1S3-deficient cells up-regulate IL-1 signaling and

15
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overexpress IL-36a [60]. To date, there are fewer mutational reports on AP1S3 than on IL36RN
or CARD14. However, we hypothesize that pustular psoriasis associated with AP1S3 mutations

may be possibly categorized as an AiKD.

5. Conclusion

One of the limitations of this review is that it includes only studies with small sample sizes and
retrospective designs, biased mostly to the Japanese population. As we mentioned above,
mutations in IL36RN and CARD14 have been identified as prevalent predisposing factors for GPP.
These facts have provided new insights into the pathogeneses of GPP. At the same time, recent
reports have clearly revealed the genetic background of patients with GPP and ethnic differences
in predisposing factors (Table 4). In recent years, various cytokines have been considered to be
involved in the pathogenesis of GPP, similarly to how they have been associated with the
pathogeneses of skin and systemic lesions in psoriasis vulgaris. Although it is difficult to evaluate
the efficacy of biologics from the small number of cases, recent findings suggest that biologics can
be a useful, powerful tool for controlling skin and systemic inflammation in GPP and for improving
the quality of life of GPP patients. However, few safe, effective therapies have been established

for this disorder, especially for infantile GPP.
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Figure legends

Figure 1. Characteristic clinical and histological features of GPP.

(@) An 18-month-old male. Pustules and scaly hyperkeratosis are seen on erythrodermic skin of
the legs. (b) Hematoxylin-eosin staining reveals the accumulation of neutrophils under the stratum
corneum, and neutrophilic infiltration within the spongiotic epidermis and the upper dermis. Scale

bar = 200 pm.
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366  Table 1. Clinical classification of pustular psoriasis

Invasive area Subtypes

Generalized Generalized pustular psoriasis Acute (von Zumbusch)

Generalization of acrodermatitis

continua of Hallopeau

Infantile (early-onset) generalized
pustular psoriasis

Impetigo herpetiformis

Circinate and annular forms of

pustular psoriasis

Localized Localized pustular psoriasis

Palmoplantar area Palmoplantar pustulosis

Acrodermatitis continua of Hallopeau

367
368
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Table 2. Primary parameters for the diagnosis of GPP

20

Parameter

Sensitivity (evaluated for 41
patients with GPP)

histological features (a-c)

a Systemic symptoms (e.g. high fever and fatigue) 83%

b Systemic or extensive flush accompanied by multiple | 95%
sterile pustules that sometimes merge to form lakes of
pus

c Neutrophilic subcorneal pustules histopathologically 95%
characterized by Kogoj’s spongiform pustules

d Repeated recurrence of the above clinical and 87%

A definitive diagnosis of GPP can be made in patients with all four parameters above, and GPP

would be suspected in those with two or three parameters [20].

Abbreviations: GPP, generalized pustular psoriasis.
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Table 3. Summary of the efficacy and adverse events of each biologic treatment for GPP

(only open-label, multicenter, phase 3 clinical trials (at least 52 weeks of observation) in

Japan)
Drug Dose Number | Assessment Overall PASI All/ Adverse
of point (number | efficacy 50/75/ | severe events
patients | of patients described in | 90/100 | adverse
enrolled | assessed as of | the paper (%) events
week 52) (%)
Adalimu- | 80 mg at 10 52 weeks Seven 80/60/ | 90/30 Bacterial
mab [33] | week 0 and (n=10) patients 60/NA enterocolitis
then 40 mg/ 2 (70%) and
weeks from achieved the worsening
week 2. Dose primary of pustular
escalation (80 efficacy psoriasis in
mg) allowed endpoint of one patient;
from week 8. CR at week chronic
16. CR rates sinusitis in
reached one patient;
50% at dehydration,
week 2 and cardiac
remained failure and
approximate renal failure
ly stable in one
thereafter patient.
through
week 52.
Ixekizu- 160 mg at 5 52 weeks All patients | NA/N | 100/0 Not
mab [31] | week 0 and (n=5) had a GIS A/NA/ described.
then 80 mg/ 2 of resolved | NA
weeks (from or improved
week 2 to from Week
week 12), 80 12 onwards.
mg/ 4 weeks By Week 64
(from week (Retreatmen
13 to week t Week 12),
52). 2/5 patients
had a GIS
of resolved
and 3/5
patients had
a GIS of
improved.
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Secukinu- | 150 mg once | 12 52 weeks Treatment NA/72. | 100/25 Bowen’s
mab [30] | weekly at (n=9) success was | 7/63.6/ disease and
weeks 0, 1, 2, achieved by | 27.3 cellulitis,
3and 4, and 83.3% drug-
then every 4 (n=10) of induced
weeks until patients at liver injury,
week 52. Two week 16 upper
patients were with CGlI gastrointesti
up-titrated to evaluated as nal
300 mg at “very much hemorrhage,
weeks 8 and improved” hypoglycem
24, (n=9) and iaand
respectively. “much abnormal
improved” hepatic
(n=1). The function.
improveme
nts were
sustained
throughout
52 weeks.
Brodalu- 140 mg at 12 52 weeks Atweek 52, | NA/83. | 91.7/25 | Lumbar
mab [32] | week 0 and (n=12) CGl 3/83.3/ vertebral
then 140 mg/ remission or | 58.3 fracture,
2 weeks improveme exacerbatio
(n=9) or 210 nt was n of
mg/ 2 weeks achieved in pustular
(dose 91.7 % psoriasis,
escalation, (12/12) of hepatocellul
n=3) from patients ar
week 2. with GPP. carcinoma.
Guselku- | 50 mg at 10 52 weeks Atweek 16, | NA/N | 100/10 Squamous
mab [34] | weeks 0, 4, (n=8) the A/NA/ cell
12, and then proportion NA carcinoma.
50 mg/ 8 of GPP
weeks (n=5) patients
or 100 mg/ 8 achieving
weeks (dose treatment
escalation, success was
n=5) from 77.8% (7/9).
week 20. Guselkuma
b treatment
demonstrate
d efficacy in
Japanese
patients
with GPP
through
week 52.

Abbreviations: GPP, generalized pustular psoriasis; CR, clinical response, defined as remission

(total skin score, 0) or reduction of 1 point or more if the baseline total skin score was 3, or 2
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points or more if the baseline total skin score was 4 or more; CGl, clinical global impression;

GIS, global improvement score; PASI, Psoriasis Area and Severity Index; NA, not analyzed.
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Table 4. Frequencies of IL36RN mutations in GPP patients reported around the world

24

Nation/ ethnicity European | European | East South | Malaysian | Chinese | Japanese
(mostly | Asian Asian (Sichuan
German) region)
Frequency of 34.7 % 29.4 % 288% | 0% 11.5% 605% |452%
IL36RN mutation-
positive patients*
Allele frequency NA 24.5 % NA 0% 8.5% 55.8% |435%
of IL36RN
mutations in GPP
patients
Reference [21] [25] [21] [21] [21] [22] [23, 24]

*Patients were classified as IL36RN-positive if they carried at least one mutation.

Abbreviations: NA, not analyzed.
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