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I N TRODUC TION

Generalized pustular psoriasis (GPP) is a rare, auto- 
inf lammatory form of the skin disease psoriasis that 
places a significant burden on patients and is potentially 
life- threatening. It is characterised by recurrent episodes 
or f lares of widespread cutaneous erythema with macro-
scopic sterile pustules.1,2 Acute episodes of GPP are fre-
quently associated with systemic symptoms, including 

high- grade fever, fatigue and leukocytosis.3– 5 GPP can be 
further classified into acute GPP (von Zumbusch variant), 
pustular psoriasis of pregnancy (previously referred to 
as “impetigo herpetiformis”), annular pustular psoriasis 
and infantile/juvenile pustular psoriasis subtypes.1,6 The 
clinical course of GPP is heterogeneous and covers a spec-
trum ranging from relapsing disease with recurrent f lares 
occurring years after the initial diagnosis to a persistent 
disease continuously f laring over years. The severity of 
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Abstract
Generalized pustular psoriasis (GPP) is a rare auto- inflammatory skin disease char-
acterised by acute episodes of sterile pustule formation. Diagnosis and treatment of 
the disease have historically been complicated by a lack of awareness, and no consist-
ent global definition or clinical coding standards. Now acknowledged as a distinct 
clinical entity with a recognised genetic component, GPP can take a serious and life- 
threatening course due to systemic inflammatory complications and its association 
with various comorbidities. As with other rare diseases, there are significant chal-
lenges to understanding the epidemiology of GPP, notably a small patient population, 
non- standardised study methodologies and ethnic differences in its presentation. A 
clearer understanding of GPP is therefore required for clinicians to better manage 
patients with this rare condition. In this review article, we present an overview of 
the available data on GPP prevalence estimates in key demographics and report the 
frequency of genetic mutations associated with the disease. We detail the incidence 
of known comorbidities and summarise the data on mortality and assigned causes of 
death. Lastly, we discuss the various factors that impact the collection, interpretation 
and comparison of these data.
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symptoms may also vary with each f lare for an individ-
ual patient.7 Whilst often idiopathic in origin, a number 
of internal and external factors are linked to the initiation 
of GPP f lares, including pregnancy or withdrawal of cor-
ticosteroids.5,8 Bacterial and respiratory viral infections, 
including the SARS- CoV- 2 virus, are also associated with 
triggering GPP f lares across various clinical subtypes and 
genetic backgrounds.8– 11

A high proportion of patients with GPP also present with 
pre- existing plaque psoriasis, and closely interlinked immu-
nological pathways appear to underpin the pathogenesis of 
both conditions.8,12 However, GPP has also been shown to 
present independently, and is now recognised as a separate 
clinical entity, with clear distinctions in genetic and immu-
nologic determinants, and response to treatment.13– 15 GPP 
is predominantly characterised by an abnormal innate im-
mune response and is considered an auto- inflammatory dis-
ease; such diseases are defined as clinical disorders arising 
from genetic defect(s) leading to aberrant activation of the 
innate immune system and are characterised by continu-
ous or recurrent episodes of inflammation with a potential 
secondary pathogenic involvement of the adaptive immune 
system.16,17 In contrast, plaque psoriasis has both innate and 
adaptive immunopathogenic responses, and is considered 
an autoimmune condition.18,19 Different cytokine pathways 
appear predominant in the manifestation of each disease, 
with the interleukin (IL)- 23/IL- 17 axis seeming to under-
pin plaque psoriasis,20 while the IL- 36 pathway drives GPP 
pathogenesis.18,21

The role of the IL- 36 pathway was initially identified 
following the discovery of loss- of- function mutations in  
IL- 36 receptor antagonist (IL- 36Ra), encoded by the IL36RN 
gene.11,14 A growing body of evidence now indicates that 
dysregulation of the IL- 36 cytokine signalling pathway is 
central to the development of GPP, wherein uncontrolled 
expression and activation of IL- 36 cytokines lead to the acti-
vation of clonal T- cell responses and neutrophil recruitment 
in the epidermis with associated pustule formation.18,22 
Indeed, blocking IL- 36 signalling can efficiently control 
GPP flares.23 The significant role of the IL- 36 pathway is fur-
ther supported by histological analyses.18 IL36RN mutations 
are associated with a severe form of GPP, characterised by 
early onset, more systemic inflammation, lack of associated 
plaque psoriasis and dependence on systemic therapy.15,24,25

Immunomodulatory therapies, such as oral retinoids, 
cyclosporin and methotrexate, are often used as first- line 
treatment for GPP; however, their use is based upon current 
treatments for plaque psoriasis, with limited GPP- specific 
evidence, and no randomised controlled trial data avail-
able.3,26 While specific guidelines exist for GPP in some 
countries,26 there is no globally accepted guidance in place 
for acute management of GPP flares, nor for long- term treat-
ment of the disease. To date, biologics have been approved 
for the treatment of GPP in some countries; in Japan, the 
tumour necrosis factor (TNF)- blocking agents, adalim-
umab, infliximab and certolizumab pegol; the monoclonal  
antibodies that antagonise IL- 17/IL- 17R, secukinumab, 
brodalumab and ixekizumab; and the IL- 23 inhibitors, 

F I G U R E  1  Studies reporting GPP prevalence in patients with psoriasis (%) by region. Studies are ordered from highest to lowest prevalence; “Other” 
comprises studies from China,31,34 South Korea,29,40 USA33 and Tunisia.32 *Heterogeneous studies are those that included only hospitalised patients, 
psoriasis subtypes, or patients treated with specific drugs; †Prevalence of acute GPP (von Zumbusch type), all other studies report overall GPP prevalence. 
GPP, generalized pustular psoriasis
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risankizumab and guselkumab, are approved.5,26 However, 
no GPP- specific therapeutic agents are approved in the USA 
or Europe.5,27 The urgent need for well- designed trials to 
provide clinical evidence on the safety and efficacy of tar-
geted therapies specific for GPP is hindered by the rarity of 
cases and the relapsing– remitting nature of the disease.

Here, we conduct a literature review to identify studies 
providing estimates of mortality, prevalence and comor-
bidities in the GPP population, in addition to detailing the 
prevalence of specific mutations associated with the disease. 
We discuss the various factors that impact data collection 
and the potential limitations in the effective interpretation 
and comparison of study data in these areas. The literature 
search was conducted in Embase, Medline and the Cochrane 
Library in April 2021 and supplemented by a bibliographic 
review of relevant literature reviews and consensus studies 
identified in the electronic searches until October 2021; a 
congress abstract search was also conducted.

GPP PR EVA L E NCE

GPP prevalence in the general population

Generalized pustular psoriasis prevalence estimates in the 
general population vary considerably, between 1.76 and  
124 patients per million persons.28– 30 A retrospective epi-
demiological survey that collected in-  and outpatient data 
on 99 patients from 121 dermatological wards throughout 
France in 2004 reported a prevalence of 1.76 patients per mil-
lion persons.28 A second study, by Lee et al.,29 collected data 
from the Korean Health Insurance Review and Assessment 
Service database between 2011 and 2015. Annual GPP prev-
alence estimates were calculated from GPP prevalence in 
patients with psoriasis and psoriasis prevalence data in the 
general population; GPP prevalence in the general popula-
tion was between 88 and 124 patients per million persons 
per year.29 Prevalence data in a third study was obtained 
via questionnaires sent to 575 community centre hospitals 
throughout Japan, seeking details of visiting patients with 
GPP during 1983– 1989.30 This study included 541 patients 
with GPP and reported a GPP prevalence of 7.46 patients per 
million persons, with 2.87 patients per million persons pre-
senting with acute GPP.30 Considering the potential bias in-
troduced by hospital- only questionnaires, the Korean study, 
with a comprehensive national database as a data source and 
a high number of included patients, is perhaps the most re-
liable source.29 While these data indicate the prevalence of 
GPP in East Asian countries may be higher, given the small 
number of studies and varying types of data source, we are 
unable to confirm this conclusion.

GPP prevalence in patients with psoriasis

Estimates of GPP prevalence among patients with psoria-
sis range between 0.6% and 2.4% (Figure 1, Table S1).29,31– 46 Ye
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T A B L E  2  Genetic mutations and allelic variants associated with GPP

Year
Gene of 
interest Study design and population

Prevalence of mutation or 
allelic variation in study 
population Additional details Reference

2011 IL36RN Homozygosity mapping 
and direct sequencing 
of the IL36RN gene in 
nine Tunisian multiplex 
families with autosomal 
recessive GPP

A homozygous missense 
mutation in IL36RN was 
identified in all GPP cases 
(n = 16) with a carrier 
prevalence of approximately 
1% and an allele prevalence 
of 0.5% in this population

Authors identified significant linkage 
to an interval on chromosome 
2q13- q14.1 and a homozygous 
missense mutation in IL36RN 
in all familial cases of GPP 
(p.LeuL27Pro)

[11]

2011 IL36RN Five unrelated individuals of 
European descent with 
GPP were screened for 
mutations in IL36RN

Three of the five individuals 
(60%) presented one or two 
mutations in IL36RN

A homozygous c.338C>T 
(p.Ser113Leu) missense 
substitution of IL36RN was 
identified in two individuals. 
In a third subject, a compound 
heterozygote for c.338C>T 
(p.Ser113Leu) and a c.142C>T 
(p.Arg48Trp) missense 
substitution was identified

[14]

2012 CARD14 Two families, one of European 
and one of Taiwanese 
ancestry with multiple 
cases of psoriasis and 
psoriatic arthritis, were 
screened for mutations in 
the CARD14 gene

Identified mutations in CARD14 
were shown to be present in 
the psoriatic population at 
very low frequencies (<0.1% 
of cases)

Authors identified separate gain of 
function mutations c.349G>A 
(p.Gly117Ser) (in the family 
of European descent) and 
c.349þ5G>A (in the Taiwanese 
family)

[56]

2013 IL36RN Mutation analysis of the 
IL36RN gene in 14 
Japanese patients with 
GPP

Two of the 14 patients with GPP 
(14.2%) presented separate 
mutations in the IL36RN 
gene

One patient was compound 
heterozygous for mutations 
c.115+6T>C and c.368C>G 
(p.Thr123Arg), whereas the other 
carried compound heterozygous 
mutations c.28C>T (p.Arg10*) 
and c.115+6T>C in the IL36RN 
gene

[57]

2013 IL36RN Authors sequenced four 
IL36RN coding exons in 
84 patients with GPP from 
three cohorts (European, 
Asian: Malay, Asian: 
Chinese)

Homozygous/compound 
heterozygous alleles in 
IL36RN were observed in 
7/84 (8.3%) GPP cases

The most prevalent allele in the 
European population, the 
p.Ser113Leu substitution, was 
found in all three cohorts. The 
most frequent change in the 
Asian dataset was the c.115b6T4C 
variant

[13]

2013 IL36RN Authors screened for IL36RN 
mutations in two groups 
of Japanese patients with 
GPP: GPP without PP 
(n = 11) and GPP with PP 
(n = 20)

9/11 cases of GPP alone 
(81.8%) had homozygous 
or compound heterozygous 
mutations in IL36RN, while 
2/20 cases of GPP with 
PP (10%) had compound 
heterozygous mutations in 
IL36RN

Three IL36RN mutations were 
reported: c.28C>T homo, c.28C>T 
homo and c.28C>T hetero

[15]

2015 IL36RN A cross- sectional study 
investigating the risk 
factors predicting 
IL36RN mutation in 57 
Chinese patients with 
different clinical features 
of pustular psoriasis, 
including 32 with GPP

Patients with GPP exhibited the 
highest IL36RN mutation 
rate (75.0%)

The GPP subgroup consisting of 
patients who had features of ACH 
exhibited the highest c.115+6T>C 
IL36RN mutation rate (93.8%)

[58]
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Year
Gene of 
interest Study design and population

Prevalence of mutation or 
allelic variation in study 
population Additional details Reference

2015 IL36RN Case versus control study 
in the frequency of 
heterozygous IL36RN 
alleles in British (n = 22), 
Chinese (n = 72), Japanese 
(n = 66) and Malay 
(n = 110) adults with GPP, 
versus controls (n = 1332)

Heterozygous IL36RN alleles 
were observed in 9.1% 
(British), 5.6% (Chinese), 
4.5% (Japanese) and 4.5% 
(Malay) of GPP cases

Significant associations in the 
frequency of heterozygous 
IL36RN alleles were seen in 
patients with GPP in two of 
the four populations (Japanese 
[p = 0.019, OR 19.7], Malay 
[p = 0.006, OR 20.1])

[24]

2015 CARD14 Sequencing of CARD14 
coding sequences in 
patients with GPP versus 
controls in Chinese (GPP, 
n = 48; control, n = 400) 
and Japanese (GPP, 
n = 42; control, n = 844) 
populations

The p.Asp176His variant of 
CARD14 was more common 
in cases versus controls in 
Chinese (6.2% vs. 1.0%; 
p = 0.03) and Japanese 
(9.5% vs. 1.7%; p = 0.008) 
populations

Overall, the p.Asp176His variant of 
CARD14 showed a significant 
association with GPP in Asian 
populations (p = 8.4 × 10−5;  
OR 6.4)

[59]

2016 IL36RN Sequencing of the IL36RN 
gene in patients with 
GPP (n = 14) from 
three Algerian families. 
Assessed a range of 
IL36RN mutations on  
IL- 36Ra protein 
expression in functional 
assays

Authors identified two novel 
IL36RN homozygous 
mutations in Algerian 
patients with familial 
generalized pustular 
psoriasis

Two novel variants were c.41C>A/p. 
Ser14X and c.420_426del/p. 
Gly141MetfsX29, both of which 
led to enhanced production of IL- 
8. Functional assays revealed null 
mutations in IL36RN were unable 
to repress IL- 36- dependent 
activation of NF- κB pathways 
and were associated with severe 
clinical phenotypes including 
GPP and AGEP

[65]

2016 IL36RN, 
AP1S3

Screening for mutations in 
the IL36RN and AP1S3 
genes in two individuals 
of European heritage with 
GPP

NR Authors identified specific mutations 
in IL36RN (p.Ser113Leu/– ) and 
AP1S3 (p.Phe4Cys/– ) in two of 
three patients

[60]

2018 IL36RN A case– control study in Han 
Chinese individuals 
screening for mutations 
in the IL36RN gene (GPP, 
n = 43; control: n = 50)

Three IL36RN variants were 
detected in 26/43 patients 
with GPP (60.5%), with none 
of the same mutations found 
in controls

Among the three variants identified, 
c.115+6T>C (p.Arg10ArgfsX1, 
rs148755083), c.140A>G 
(p.Asn47Ser, rs28938777) 
and c.227C>T (p.Pro76Leu, 
rs139497891), c.115+6T>C was 
the most common, with a variant 
frequency of 55.81%

[66]

2018 IL36RN, 
CARD14, 
AP1S3

Previously identified 
mutations in IL36RN, 
CARD14 and AP1S3 
genes were sequenced 
in 61 patients with GPP 
(European, n = 51; other, 
n = 10)

36% of patients with GPP 
carried a rare variant in at 
least one of the three genes. 
Biallelic and monoallelic 
IL36RN mutations were 
identified in 15 and 
five patients with GPP, 
respectively

Selected variant details from  
51 European patients:

AP1S3: c.11T>G (p.Phe4Cys): 1% 
of patients with GPP; c.97C>T 
(p.Arg33Trp): 1% of patients with 
GPP

CARD14: c.206G>A (p.Arg69Gln): 1% 
of patients with GPP

c.349G>A (p.Gly117Ser): 1% of 
patients with GPP; 536G>A 
(p.Arg179His): 1% of patients 
with GPP

IL36RN: mutant alleles: 24.5% of 
patients with GPP

[62]

T A B L E  2  (Continued)

(Continues)
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Year
Gene of 
interest Study design and population

Prevalence of mutation or 
allelic variation in study 
population Additional details Reference

2019 IL36RN, 
AP1S3, 
CARD14

Screening of IL36RN and 
AP1S3 genes in eight 
unrelated patient cohorts 
of pustular psoriasis (GPP, 
n = 251; PPP, n = 560; 
ACH, n = 28; and multiple 
diagnoses, n = 24). 
Mutation screening was 
carried out in 473 cases

AP1S3 alleles had a similar 
frequency (3%– 5%) across 
all disease subtypes; IL36RN 
mutations were observed 
with greater frequency in 
GPP (23.7%) compared with 
PPP (5.2%) cases

Mutations in IL36RN were less 
common in patients with PPP 
than in those with GPP (19%; 
p = 1.9 × 10−14). IL36RN disease 
alleles were also found to have 
a dose- dependent effect on age 
of onset in all forms of pustular 
psoriasis (p = 0.003). CARD14 
mutations were observed in a 
small minority of cases

[12]

2020 SERPINA3 Whole- genome sequencing of 
the SERPINA3 gene in  
25 patients with GPP

8% of patients with GPP 
presented with a specific 
deletion in the SERPINA3 
gene

Authors identified a heterozygous 
deletion c.966delTp.Tyr322Ter of 
SERPINA3 in patients with GPP 
(p = 2.65 × 10−4; OR 207)

[63]

2020 MPO Whole- exome sequencing of 
MPO in unrelated patients 
with GPP (n = 19) versus 
controls (n = 56,746)

The frequency of an MPO 
variant was observed in 
5.3% (1/19) of GPP cases 
compared with 0.003% 
(2/56,746) in controls 
(p = 0.001)

Authors identified a homozygous 
splice- site mutation (c.2031– 
2A>C) in MPO associated  
with GPP

[64]

2021 IL36RN Screening for mutations in the 
IL36RN gene in a single 
patient with paediatric- 
onset GPP

NR Authors identified two mutations 
(one novel) in an 11- year- old 
female patient with GPP; one was 
a previously unreported novel 
variant of c.59A>G in exon 3, and 
the other a previously reported 
variant of c.115+6T>C in intron 3

[61]

Note: The studies are presented by year.
Abbreviations: ACH, acrodermatitis continua of Hallopeau; AGEP, acute generalized exanthematous pustulosis; GPP, generalized pustular psoriasis; IL, interleukin; IL- 36Ra, 
IL- 36 receptor antagonist; NR, not reported; OR, odds ratio; PP, plaque psoriasis; PPP, palmoplantar pustulosis.

T A B L E  2  (Continued)

F I G U R E  2  Number of studies reporting specific GPP comorbidities. COPD, chronic obstructive pulmonary disease; GPP, generalized pustular 
psoriasis
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Although there are some reports of higher rates, up to 21.3%, 
these studies could be considered potentially heterogene-
ous because of their inclusion of only hospitalised patients, 
those with psoriasis subtypes or those treated with specific 
drugs.31– 36,45

Three of the five Japanese studies with similar prevalence 
utilised information from the Japanese Society for Psoriasis 
Research database.37,39,41 Similarly, a European study with a 
higher prevalence than other reports from this region was 
exclusive to patients admitted to hospitals for severe psoria-
sis.35 Of the remaining studies from outside Japan or Europe, 
the studies with the highest percentages included either hos-
pitalised patients31,32,34 or patients undergoing TNF- α in-
hibitor therapy.33 The final two studies included data either 
from a national database or from study centres/clinics and 
reported a lower range of 1.1%– 2.4%.29,40

Overall, these data indicate that GPP is a rare disease, 
with a consistently low prevalence in both the general popu-
lation and patients with psoriasis.

GPP relapse rates and number of flares

The relapse rate in patients with GPP varies considerably, 
from 32.3% to 61.4% (Table 1),8,25,28,44,47– 54 even when dis-
counting a study of three patients that showed a relapse rate 
of 100%.53 This can potentially be attributed to different pa-
tient population characteristics and reported GPP variants 
across these studies. There was also a considerable disparity 
in relapse definition, which included hospital readmission, 
resistance to treatment or relapse due to cessation of treat-
ment or infection (Table 1). In a retrospective study of 95 pa-
tients with acute GPP, 54 patients had only one flare (56.8%), 
28 had two to five flares (29.5%) and 13 had more than five 
flares (13.7%) over a mean follow- up of 5 years.8 Recent data 
from a survey of Corrona registry dermatologists in the USA, 
covering GPP diagnosis, symptoms and treatment, reported 
that most dermatologists (69%) estimate their patients have 
an average of no or one GPP flare per year, with an average 
of two or three flares per year reported by 28%.55

Prevalence of genetic mutations associated 
with GPP

Understanding the overall prevalence of specific genetic 
mutations in individuals with GPP is hindered by the fact 
that most reports have assessed only a limited number of 
genetic loci, in relatively small populations. Several stud-
ies have reported on the prevalence of specific mutations 
in genes associated with the IL- 36 inflammatory cascade 
in patients with GPP, with a small number of these ex-
amining family history of psoriasis (Table  2).11– 15,24,56– 66 
Mutations in IL36RN induce a loss of function in IL- 36Ra, 
leading to an amplification of downstream inflammatory 
responses.67 Many of these mutations appear exclusive 
to specific ethnic populations or geographical regions, Ye
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such as the homozygous missense mutation L27P origi-
nally identified by Marrakchi et al.11 in Tunisian families 
(Table 2). Specific alterations in the IL36RN gene have also 
been associated with an earlier age of onset and a more 
severe form of GPP.12,24 In addition, a study in a Chinese 
familial cohort has linked the prevalence of IL36RN muta-
tions to patients presenting with geographic tongue.66

Genetic mutations in additional components of the IL- 36 
signalling pathway have also been associated with the de-
velopment of GPP in different patient groups; mutations in 
CARD14, which facilitates the activation of proinflammatory 
transcription factors in keratinocytes, are linked to GPP in 
Asian populations.56,59,62 Mutations in AP1S3, which encodes 
a protein implicated in autophagosome formation, are also 
associated with GPP.12,60,62 Some patients with GPP display 
a loss- of- function mutation in the serine protease inhibitor, 
SERPINA3. The resulting lack of inhibition of neutrophil 
serine proteases, such as cathepsin G, increases activation of 
IL- 36β, promoting inflammation.63 Lastly, loss- of- function 
mutations in the gene encoding myeloperoxidase, MPO, 
which encodes an essential component of neutrophil gran-
ules, have recently been identified in patients with GPP.64

Almost 50% of patients with GPP have been shown to 
carry a variant in one or more genes that are associated with 
the disease, demonstrating a genetic component to pustular 
forms of psoriasis.68 In individuals with GPP that has a rec-
ognised genetic component, mutations in IL36RN appear to 
be the main predisposing factor.11– 13,15,24,57,60– 62 Further stud-
ies are required to identify any additional, as- yet- unknown 

genes, as well as more accurately define the pathogenic con-
tribution of genetic-  and ethnic- specific variations. Overall, 
the prevalence of IL36RN mutations in patients with GPP 
ranged from between 10% and 82%,18,58 with biallelic IL36RN 
mutations identified as causal or predisposing in 21%– 41% of 
cases.11,14,15,24,62

COMOR BIDITIE S OF GPP

Reported comorbidities in patients with GPP are shown in 
Figure 2. Twelve studies reported arthralgia or arthritis (me-
dian 16.7%), with psoriatic arthritis also reported from seven 
studies in a lower percentage of patients (median 7.8%). The 
geographic tongue was reported at an increased rate in Asian 
studies (four studies compared with two non- Asian stud-
ies), and Asian studies reported a higher average percent-
age of patients with GPP with geographic tongue (14.3%, 
38.5%, 61.9% and 83.9%)25,66,69,70 compared with the German 
and American studies (22.0% and 17.0%, respectively).6,62 It 
should be noted that this observation is limited by the small 
number of studies. Additional comorbidities, including renal 
abnormalities,31,49,71,72 anxiety and depression,49,72,73 car-
diovascular complications,8,47,49,71,72,74 chronic obstructive 
pulmonary disease49,72,75,76 and obesity8,74,75 were reported 
in fewer than five studies. Eight studies had a sample size of 
fewer than 12 patients with GPP,44,52,53,69,71,77– 79 while four 
studies included only paediatric cases of GPP,44,51,53,70 which 
may affect the generalisability of their comorbidity estimates.

F I G U R E  3  Studies reporting GPP mortality rates (deaths per 100 patient- years) by region. Studies are ordered by year. *In four studies, all causes of 
mortality were directly related to GPP; †Mortality rate in patients with acute GPP (von Zumbusch type), other studies report mortality in patients with 
GPP overall. For most studies, mortality rate data include deaths where the cause of mortality was neither reported nor directly attributable to GPP; 
‡Assumes that deaths occur evenly over the entire study duration; assumes all patients remain in the study for the entire study duration. GPP, generalized 
pustular psoriasis
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In accordance with previously published data,8,12 our 
search identified twenty studies that reported a high pro-
portion of patients with GPP that also presented with 
plaque psoriasis (median 46.4%, range 15.4%– 83.0%). It 
should be highlighted that many of the comorbidities iden-
tified here are prevalent in both conditions; including hy-
pertension, psoriatic arthritis, diabetes and cardiovascular 
complications.80 This overlap in comorbidity presentation 
is perhaps unsurprising given the closely interlinked in-
flammatory pathways that appear to drive the pathogenesis 
of both conditions.81 It is therefore comorbidities charac-
terised by direct organ attacks from neutrophilic features 
of the auto-inflammatory process that might be expected 
to specifically characterise GPP. Three studies identified 
here present cases of sepsis in hospitalised patients with 
GPP,70,72,74 and sepsis or septic shock directly related to GPP 
represents the most common cause of mortality identified 
in our literature search. Several case reports have reported 
neutrophilic cholangitis as a comorbidity of GPP,82,83 and 
in the study by Viguier et al.84 neutrophilic cholangitis was 
identified in two patients who underwent a biopsy follow-
ing pronounced liver test abnormalities. Acute respiratory 
distress syndrome has also been identified as an extracuta-
neous comorbidity of GPP.5,26

Comorbidities of GPP in Japanese studies

Eight studies were conducted in Japan (Table 3),30,52,71,74,75,77– 79 
with five reporting a sample size of fewer than 12 patients, 
which could suggest that their comorbidity estimates may 
not be representative of the general GPP population. Those 
studies reporting a larger number of participants with 
GPP30,74,75 are therefore assumed to be more representa-
tive of the wider population. Arthralgia or arthritis was the 
most commonly reported comorbidity in Japanese studies, 
observed in four reports and ranging from 8.3% to 50.0% of 
GPP cases.52,77– 79 Three studies reported diabetes mellitus in 
10.0%– 22.8% of patients with GPP.71,74,79

Comorbidities of GPP in European studies

Comorbidities were presented in seven European studies 
(Table  4).44,47,49,62,84– 86 Two studies reported arthralgia or 
arthritis in 8.8%– 13.6% of patients with GPP,47,84 and two 
additional studies stated that psoriatic arthritis was present 
in up to 29.5% of cases.49,62

Comorbidities of GPP in countries outside 
Europe or Japan

Fourteen studies assessing comorbidities of GPP were 
conducted in countries outside of Europe and Japan, 
including China, USA, Malaysia and Tunisia (Table   
5) .6,8,12,25,48,51,53,54,66,69,70,72,73,87 Three studies were conducted 

in patients with juvenile GPP, which may have affected co-
morbidity rates51,53,70 as conditions such as hyperlipidaemia 
and type 2 diabetes are less prevalent in children.

GPP MORTA LIT Y

GPP mortality rates

Generalized pustular psoriasis mortality rates var-
ied considerably, from 0 to 3.3 deaths per 100 patient- 
years across studies that reported at least one death  
(Figure  3) .6,8,25,28,47– 49,52,69– 71,78,79,85– 89 European stud-
ies presented the highest mortality rates: three studies 
presented mortality rates greater or equal to two deaths 
per 100 patient- years,28,85,86 while Asian studies had 
the lowest rates with most reporting a rate of 0.5 or less  
(Figure 3).8,48,52,70,71,78,79,87– 89 Mortality rates were generally 
lower in more recently published studies versus older stud-
ies; the average mortality rate for studies published prior to 
2000 was 1.6 deaths per 100 patient- years, compared with 
0.2 deaths per 100 patient- years in those published after 
2000 (Figure 3). A study from 2021 reported a 4.3% mortal-
ity rate in patients with GPP who required hospitalization, 
with no data on deaths per 100 patient- years available.74

Causes of mortality

Most studies with at least one occurrence of death linked to GPP 
provided the cause (Table 6),6,8,25,28,47– 49,52,54,62,69– 72,78,79,85– 90  
the most common were sepsis or septic shock and cardio-
vascular complications. A limited number of studies pro-
vided details on treatment- related causes of death; the study 
by Ryan and Baker in 1971 included deaths clearly attrib-
utable to therapy and deaths to which steroid and metho-
trexate may have contributed,85 while the report by Mössner 
et al.62 detailed an unconfirmed potentially treatment- 
related death. A 2021 study was able to provide more details 
on treatment- related deaths; patients who received biologics 
were younger, had fewer comorbidities, and had a signifi-
cantly lower in- hospital mortality rate (1.0%) compared with 
patients receiving oral agents (3.7%) or corticosteroids only 
(9.1%, p < 0.001).74

CONCLUSIONS

There are considerable challenges in the collection and in-
terpretation of data on GPP prevalence, mortality and co-
morbidity. This is an inevitable consequence of the rarity of 
the disease and the sudden episodic nature of GPP flares, 
which limit the availability of suitable patients with active 
disease to power randomised controlled trials.91 Most stud-
ies included here are observational in nature (retrospective, 
clinical survey reviews and database analyses) and the ma-
jority include fewer than 100 individuals. Data derived from 
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hospital settings are likely to include patients with more 
serious manifestations of GPP; with hospitalised inpatient 
records assumed to represent more severe cases compared 
with outpatient data. Patient characteristics also vary con-
siderably, with study duration and treatment options rarely 
reported. Another key factor is the very recently accepted 
European consensus on GPP disease definition and diag-
nostic criteria,2 meaning that studies prior to 2017 and those 
in which diagnosis was left to clinicians' discretion may not 
be directly comparable. This is particularly relevant given 
the differences observed when comparing GPP prevalence, 
comorbidity and mortality data from European and Asian 
studies.

Overall, no consistent trends in GPP prevalence were 
identified, with the heterogeneity in estimates likely to be 
attributable to the considerable differences in study design 
and setting. These include variations in GPP disease defi-
nition, in countries and by year; for example, newer studies 
have presented various non- standardised disease measures, 
such as diagnosis at clinicians' discretion and utilisation of 
clinical global impression scoring.78 Varied data sources 
were used, comprising hospital records, national databases 
and insurance company audits. A wide range of patient 
inclusion criteria are also represented, with some studies 
including only hospitalised patients, juvenile patients or in-
dividuals referred to specialist centres, and some focusing 
exclusively on specific subtypes of psoriasis, such as plaque 
psoriasis. There was also considerable variability in sample 
size, with select studies reporting on a very limited number 
of individuals.

The impact of select diagnostic criteria was recently 
highlighted in a large Swedish population- based study 
published by Löfvendahl et al.,92 which reported a GPP 
prevalence of 90.1 per million persons in patients with a 
GPP diagnostic code of L40.1 from at least one physician 
visit. While these data are within the range reported here 
(1.76– 124 patients per million persons), this study also 
reported that when a stricter case definition was applied 
(a diagnostic code of L40.1 at two physician visits, one of 
which was in dermatology or internal medicine), the prev-
alence of GPP decreased by approximately half, to 38 per 
million persons.92 Such variation highlights the need for a 
validated diagnostic algorithm to accurately identify GPP 
in electronic health record databases, and a requirement 
for similar diagnostic criteria to be used across studies to 
enable comparison of data.92,93

Regarding mortality in patients with GPP, data here 
indicate that GPP f lares are potentially life- threatening 
because of a range of complications, including sepsis and 
multisystem organ failure.72,74,84 The limited information 
available on reported mortality attributable to treatment 
means it was not possible to explore any meaningful re-
lationships in these data. Data on mortality rates are 
further confounded by the recent availability of novel 
forms of therapy or, in earlier studies, by drug side ef-
fects. However, the high- mortality rates of GPP compared 
with other forms of psoriasis highlight the need for new 

treatments that improve the management of the disease. 
Further studies examining the long- term effects of differ-
ent therapies or that are powered to differentiate between 
the presentation of GPP with other psoriatic conditions 
are also required.

Interconnected immunological pathways appear to 
drive the pathogenesis of both GPP and plaque psoria-
sis,81 and in line with previous reports,8,12 this literature 
review identified a high rate of dual presentation, with 
almost half of patients with GPP also presenting with 
plaque psoriasis (median 46.4%, range 15.4%– 83.0%), 
not significantly different from the estimate of 43.4% 
in the aforementioned study by Löfvendahl et al.92 The 
prevalence of GPP in patients with plaque psoriasis is 
also greatly increased compared with the general popu-
lation.28– 30 Here, the overlap in the presentation of these 
two diseases was greater than that with arthralgia or ar-
thritis, the highest reported comorbidity in patients with 
GPP (median 16.7%). This would make plaque psoriasis 
a highly prevalent comorbidity of GPP, and vice versa. 
Ultimately, however, it has not yet been finally clarified 
pathogenetically whether GPP is a maximum variant of 
psoriasis or whether both diseases are independent enti-
ties that may coincide because of overlapping pathogenic 
pathways, and should therefore be regarded as comorbid-
ities, i.e., the simultaneous occurrence of two indepen-
dent diseases. GPP may also present with other forms of 
psoriasis and understanding these different phenotypes, 
and how they may affect treatment, will be key to de-
veloping effective, targeted therapies. A study from the 
International Rare And Severe Psoriasis Expert Network 
(IRASPEN), in collaboration with the Global Psoriasis 
Atlas, beginning soon will attempt to align phenotypic 
descriptions and diagnostic criteria for GPP, including bi-
ological samples and biomarkers to measure and correlate 
with clinical outcomes. Establishing new, or enhancing 
the limited number of current GPP registries, as well as 
more high- quality, long- term observational studies with 
adequate patient numbers and consistent follow- up dura-
tion that can address these issues, are required to provide 
a more accurate epidemiological assessment of patients 
with GPP.

AC K NOW L E D G E M E N T S
All authors meet criteria for authorship as recommended 
by the International Committee of Medical Journal 
Editors (ICMJEs) and made the decision to submit the 
manuscript for publication. The authors did not receive 
payment related to the development of the manuscript. 
Agreements between Boehringer Ingelheim (BI) and the 
authors included the confidentiality of the study data. In 
the preparation of this manuscript James Parkinson, PhD 
from OPEN Health Communications (London, UK) pro-
vided medical writing, editorial support and/or formatting 
support, which was contracted and funded by BI. BI was 
given the opportunity to review the manuscript for medi-
cal and scientific accuracy as well as intellectual property 

 14683083, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18720 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [20/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 271PRINZ ET AL.

considerations. Open Access funding enabled and organ-
ised by Projekt DEAL.

F U N DI NG I N FOR M AT ION
Medical writing support was funded by Boehringer 
Ingelheim.

C ON F L IC T OF I N T E R E S T
JCP declares paid activities as an advisor, speaker or consultant 
for Almirall, Boehringer Ingelheim, Janssen- Cilag, Novartis 
and Pfizer. SEC declares paid activities as an advisor, speaker 
or consultant for AbbVie, Boehringer Ingelheim, Eli Lilly, 
Janssen, LEO Pharma, MSD, Novartis, Pfizer, Sanofi and UCB. 
CEMG declares receiving grants or contracts from AbbVie, 
Almirall, Amgen, AnaptsysBio, BMS, Eli Lilly, LEO Pharma, 
Janssen and Novartis; consulting fees from BMS, Boehringer 
Ingelheim and GSK; and speaker's fees from AbbVie, 
Almirall, Amgen, AnaptsysBio, BMS, Eli Lilly, LEO Pharma, 
Janssen and Novartis. JFM is a consultant and/or investiga-
tor for AbbVie, Amgen, Biogen, BMS, Boehringer Ingelheim, 
Dermavant Sciences, Eli Lilly, Janssen, LEO Pharma, Novartis, 
Pfizer, Regeneron, Sanofi, Sun Pharmaceuticals and UCB. 
AM declares receiving research grants, consulting fees and/
or speaker's fees from AbbVie, BMS, Boehringer Ingelheim, 
Celgene, Eisai, Eli Lilly, Janssen, Kyowa Kirin, LEO Pharma, 
Maruho Pharmaceuticals, Mitsubishi Tanabe, Nichi- Iko, 
Nippon Kayaku, Novartis, Pfizer, Sun Pharmaceutical 
Industries, Taiho Pharmaceutical, Torii Pharmaceutical, 
Ushio, and UCB. DMA declares receiving grants or contracts 
from AbbVie, Almirall, Celgene, Eli Lilly, Janssen, The LEO 
Foundation, Novartis and UCB. MV declares paid activities 
as an advisor, speaker or consultant for AbbVie, Almirall, 
Biogen, Boehringer Ingelheim, BMS, Eli Lilly, Janssen- Cilag, 
Medac and Novartis.

DATA AVA I L A BI L I T Y S TAT E M E N T
Data sharing is not applicable to this article as no new data 
were created or analysed in this study.

ORC I D
Jörg C. Prinz   https://orcid.org/0000-0002-8857-5495 
Siew Eng Choon   https://orcid.org/0000-0002-7796-5746 
Christopher E. M. Griffiths   https://orcid.
org/0000-0001-5371-4427 
Joseph F. Merola   https://orcid.org/0000-0001-6514-4353 
Akimichi Morita   https://orcid.org/0000-0001-8372-3754 
Darren M. Ashcroft   https://orcid.
org/0000-0002-2958-915X 
Manuelle Viguier   https://orcid.org/0000-0001-9049-8700 

R E F E R E N C E S
 1. Benjegerdes KE, Hyde K, Kivelevitch D, Mansouri B. Pustular pso-

riasis: pathophysiology and current treatment perspectives. Psoriasis 
(Auckl). 2016;6:131– 44.

 2. Navarini AA, Burden AD, Capon F, Mrowietz U, Puig L, Köks S, et al. 
European consensus statement on phenotypes of pustular psoriasis.  
J Eur Acad Dermatol Venereol. 2017;31:1792– 9.

 3. Robinson A, Van Voorhees AS, Hsu S, Korman NJ, Lebwohl MG, Bebo 
BF Jr, et al. Treatment of pustular psoriasis: from the medical board of the 
National Psoriasis Foundation. J Am Acad Dermatol. 2012;67:279– 88.

 4. Kharawala S, Golembesky AK, Bohn RL, Esser D. The clinical, hu-
manistic, and economic burden of generalized pustular psoriasis:  
a structured review. Expert Rev Clin Immunol. 2020;16:239– 52.

 5. Gooderham MJ, Van Voorhees AS, Lebwohl MG. An update on gener-
alized pustular psoriasis. Expert Rev Clin Immunol. 2019;15:907– 19.

 6. Zelickson BD, Muller SA. Generalized pustular psoriasis: a review of 
63 cases. Arch Dermatol. 1991;127:1339– 45.

 7. Umezawa Y, Ozawa A, Kawasima T, Shimizu H, Terui T, Tagami H, 
et al. Therapeutic guidelines for the treatment of generalized pustular 
psoriasis (GPP) based on a proposed classification of disease severity. 
Arch Dermatol Res. 2003;295:S43– 54.

 8. Choon SE, Lai NM, Mohammad NA, Nanu NM, Tey KE, Chew SF. 
Clinical profile, morbidity, and outcome of adult- onset generalized 
pustular psoriasis: analysis of 102 cases seen in a tertiary hospital in 
Johor, Malaysia. Int J Dermatol. 2014;53:676– 84.

 9. Sbidian E, Madrange M, Viguier M, Salmona M, Duchatelet S, 
Hovnanian A, et al. Respiratory virus infection triggers acute psoria-
sis f lares across different clinical subtypes and genetic backgrounds. 
Br J Dermatol. 2019;181:1304– 6.

 10. Bozonnat A, Assan F, LeGoff J, Bourrat E, Bachelez H. Sars- cov- 2 in-
fection inducing severe flare up of deficiency of interleukin thirty- six 
(IL- 36) receptor antagonist (ditra) resulting from a mutation inval-
idating the activating cleavage site of the IL- 36 receptor antagonist.  
J Clin Immunol. 2021;41:1511– 4.

 11. Marrakchi S, Guigue P, Renshaw BR, Puel A, Pei XY, Fraitag S, et al. 
Interleukin- 36- receptor antagonist deficiency and generalized pustu-
lar psoriasis. N Engl J Med. 2011;365:620– 8.

 12. Twelves S, Mostafa A, Dand N, Burri E, Farkas K, Wilson R, et al. 
Clinical and genetic differences between pustular psoriasis subtypes. 
J Allergy Clin Immunol. 2019;143:1021– 6.

 13. Setta- Kaffetzi N, Navarini AA, Patel VM, Pullabhatla V, Pink AE, Choon SE, 
et al. Rare pathogenic variants in IL36RN underlie a spectrum of psoriasis- 
associated pustular phenotypes. J Invest Dermatol. 2013;133:1366– 9.

 14. Onoufriadis A, Simpson MA, Pink AE, di Meglio P, Smith CH, 
Pullabhatla V, et al. Mutations in IL36RN/IL1F5 are associated with 
the severe episodic inflammatory skin disease known as generalized 
pustular psoriasis. Am J Hum Genet. 2011;89:432– 7.

 15. Sugiura K, Takemoto A, Yamaguchi M, Takahashi H, Shoda Y, 
Mitsuma T, et al. The majority of generalized pustular psoriasis with-
out psoriasis vulgaris is caused by deficiency of interleukin- 36 recep-
tor antagonist. J Invest Dermatol. 2013;133:2514– 21.

 16. Samotij D, Szczęch J, Reich A. Generalized pustular psoriasis: diver-
gence of innate and adaptive immunity. Int J Mol Sci. 2021;22:9048.

 17. Ben- Chetrit E, Gattorno M, Gul A, Kastner DL, Lachmann HJ, 
Touitou I, et al. Consensus proposal for taxonomy and definition of 
the autoinflammatory diseases (AIDS): a delphi study. Ann Rheum 
Dis. 2018;77:1558– 65.

 18. Johnston A, Xing X, Wolterink L, Barnes DH, Yin ZQ, Reingold L, 
et al. IL- 1 and IL- 36 are dominant cytokines in generalized pustular 
psoriasis. J Allergy Clin Immunol. 2017;140:109– 20.

 19. Liang Y, Sarkar MK, Tsoi LC, Gudjonsson JE. Psoriasis: a mixed 
autoimmune and autoinflammatory disease. Curr Opin Immunol. 
2017;49:1– 8.

 20. Furue K, Yamamura K, Tsuji G, Mitoma C, Uchi H, Nakahara T, et al. 
Highlighting interleukin- 36 signalling in plaque psoriasis and pustu-
lar psoriasis. Acta Derm Venereol. 2018;98:5– 13.

 21. Zhou J, Luo Q, Cheng Y, Wen X, Liu J. An update on genetic basis of 
generalized pustular psoriasis (review). Int J Mol Med. 2021;47:118.

 22. Arakawa A, Vollmer S, Besgen P, Galinski A, Summer B, Kawakami 
Y, et al. Unopposed IL- 36 activity promotes clonal CD4+ T- cell re-
sponses with IL- 17A production in generalized pustular psoriasis.  
J Invest Dermatol. 2018;138:1338– 47.

 23. Bachelez H, Choon SE, Marrakchi S, Burden AD, Tsai TF, Morita A, 
et al. Trial of spesolimab for generalized pustular psoriasis. N Engl J 
Med. 2021;385:2431– 40.

 14683083, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18720 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [20/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-8857-5495
https://orcid.org/0000-0002-8857-5495
https://orcid.org/0000-0002-7796-5746
https://orcid.org/0000-0002-7796-5746
https://orcid.org/0000-0001-5371-4427
https://orcid.org/0000-0001-5371-4427
https://orcid.org/0000-0001-5371-4427
https://orcid.org/0000-0001-6514-4353
https://orcid.org/0000-0001-6514-4353
https://orcid.org/0000-0001-8372-3754
https://orcid.org/0000-0001-8372-3754
https://orcid.org/0000-0002-2958-915X
https://orcid.org/0000-0002-2958-915X
https://orcid.org/0000-0002-2958-915X
https://orcid.org/0000-0001-9049-8700
https://orcid.org/0000-0001-9049-8700


272 |   PREVALENCE, COMORBIDITY AND MORTALITY OF GPP

 24. Hussain S, Berki DM, Choon SE, Burden AD, Allen MH, Arostegui 
JI, et al. IL36RN mutations define a severe autoinflammatory phe-
notype of generalized pustular psoriasis. J Allergy Clin Immunol. 
2015;135:1067– 70.e9.

 25. Lau B, Lim D, Capon F, Barker J, Choon S. Juvenile generalized pus-
tular psoriasis is a chronic recalcitrant disease: an analysis of 27 pa-
tients seen in a tertiary hospital in Johor, Malaysia. Int J Dermatol. 
2017;56:392– 9.

 26. Fujita H, Terui T, Hayama K, Akiyama M, Ikeda S, Mabuchi T, et al. 
Japanese guidelines for the management and treatment of general-
ized pustular psoriasis: the new pathogenesis and treatment of GPP.  
J Dermatol. 2018;45:1235– 70.

 27. Morita A, Kotowsky N, Gao R, Shimizu R, Okubo Y. Patient charac-
teristics and burden of disease in Japanese patients with generalized 
pustular psoriasis: results from the medical data vision claims data-
base. J Dermatol. 2021;48:1463– 73.

 28. Augey F, Renaudier P, Nicolas JF. Generalized pustular psoria-
sis (Zumbusch): a French epidemiological survey. Eur J Dermatol. 
2006;16:669– 73.

 29. Lee JY, Kang S, Park JS, Jo SJ. Prevalence of psoriasis in Korea:  
a population- based epidemiological study using the Korean national 
health insurance database. Ann Dermatol. 2017;29:761– 7.

 30. Ohkawara A, Yasuda H, Kobayashi H, Inaba Y, Ogawa H, Hashimoto I,  
et al. Generalized pustular psoriasis in Japan: two distinct groups 
formed by differences in symptoms and genetic background. Acta 
Derm Venereol. 1996;76:68– 71.

 31. Hu Y, Yin L, Xu J, Yin Z. Renal function of psoriatic patients: erythro-
dermic psoriasis has more significant hyperuricemia. Biomed Res. 
2017;28:2515– 8.

 32. Zribi J, Mseddi M, Abdlmaksoud W, Masmoudi A, Hariz W, Meziou 
T, et al. In patient clinic admission of psoriasis: what are the motives. 
J Eur Acad Dermatol Venereol. 2010;24:25.

 33. Shmidt E, Wetter DA, Ferguson SB, Pittelkow MR. Psoriasis and pal-
moplantar pustulosis associated with tumor necrosis factor- alpha 
inhibitors: the Mayo clinic experience, 1998 to 2010. J Am Acad 
Dermatol. 2012;67:e179– 85.

 34. Liu ZH, Wang XD, Xu AE, Shen H. MRSA bacteremia in psoriasis pa-
tients in ward. 1st Eastern Asia Dermatology Congress, Fukuoka, Japan; 
2010.

 35. Finet A, Viguier M, Chazouilleres O, Amatore F, Paul C, Richard MA, 
et al. Liver test abnormalities in patients admitted for severe psoriasis: 
prevalence and associated risk factors. J Eur Acad Dermatol Venereol. 
2016;30:1742– 8.

 36. Kishimoto M, Komine M, Kamiya K, Sugai J, Mieno M, Ohtsuki M. 
Drug survival of biologic agents for psoriatic patients in a real- world 
setting in Japan. J Dermatol. 2020;47:33– 40.

 37. Ito T, Takahashi H, Kawada A, Iizuka H, Nakagawa H. Epidemiological 
survey from 2009 to 2012 of psoriatic patients in Japanese Society for 
Psoriasis Research. J Dermatol. 2018;45:293– 301.

 38. Alpsoy E, Polat M, FettahlioGlu- Karaman B, Karadag AS, Kartal- 
Durmazlar P, YalCın B, et al. Internalized stigma in psoriasis: a mul-
ticenter study. J Dermatol. 2017;44:885– 91.

 39. Takahashi H, Nakamura K, Kaneko F, Nakagawa H, Iizuka H. 
Analysis of psoriasis patients registered with the Japanese Society for 
Psoriasis Research from 2002- 2008. J Dermatol. 2011;38:1125– 9.

 40. Kwon H, Kwon I, Youn J. Clinical study of psoriasis occurring over 
the age of 60 years: is elderly- onset psoriasis a distinct subtype? Int J 
Dermatol. 2012;51:53– 8.

 41. Kawada A, Tezuka T, Nakamizo Y, Kimura H, Nakagawa H, Ohkido 
M, et al. A survey of psoriasis patients in Japan from 1982 to 2001.  
J Dermatol Sci. 2003;31:59– 64.

 42. Atkar R, Derrick E. Psoriasis audit: secondary care vs. intermediate 
care for the assessment and management of psoriasis. Br J Dermatol. 
2014;1:155– 6.

 43. Perez- Barrio S, Garcia- Vivar ML, Galindez- Agirregoikoa E, Blanco 
J, Yague J, Blanch L, et al. Pustular psoriasis and psoriatic arthritis: 
13 cases reported in a multidisciplinanary unit. J Eur Acad Dermatol 
Venereol. 2016;30:33– 4.

 44. Popadic S, Nikolic M. Pustular psoriasis in childhood and ado-
lescence: a 20- year single- center experience. Pediatr Dermatol. 
2014;31:575– 9.

 45. Kawasaki Y, Kamata M, Shimizu T, Nagata M, Fukaya S, Hayashi K, 
et al. Thymus and activation- regulated chemokine (TARC) in pa-
tients with psoriasis: increased serum TARC levels in patients with 
generalized pustular psoriasis. J Dermatol. 2020;47:1149– 56.

 46. Özkesici- Kurt B, Dönmez L, Nazlim B, Bozkurt S, Akman- Karakaş 
A, Yilmaz E, et al. Defining the natural course of psoriasis: a single- 
center cohort study of 100 patients. Turk J Dermatol. 2018;12:33– 7.

 47. Borges- Costa J, Silva R, Gonçalves L, Filipe P, Soares de Almeida L, 
Marques Gomes M. Clinical and laboratory features in acute general-
ized pustular psoriasis: a retrospective study of 34 patients. Am J Clin 
Dermatol. 2011;12:271– 6.

 48. Jin H, Cho HH, Kim WJ, Mun JH, Song M, Kim HS, et al. Clinical 
features and course of generalized pustular psoriasis in Korea.  
J Dermatol. 2015;42:674– 8.

 49. Kromer C, Loewe E, Schaarschmidt ML, Pinter A, Gerdes S, Herr 
R, et al. Drug survival in the treatment of generalized pustu-
lar psoriasis: a retrospective multicenter study. Dermatol Ther. 
2021;34:e14814.

 50. Zhang X, Liang J, Li C. Investigation of the efficacy and safety of ac-
itretin treatment in children with pustular psoriasis. Br J Dermatol. 
2017;177:e272.

 51. Wang Y, Cheng R, Lu Z, Guo Y, Yan M, Liang J, et al. Clinical profiles 
of pediatric patients with GPP alone and with different IL36RN gen-
otypes. J Dermatol Sci. 2017;85:235– 40.

 52. Sano S, Kubo H, Morishima H, Goto R, Zheng R, Nakagawa H. 
Guselkumab, a human interleukin- 23 monoclonal antibody in 
Japanese patients with generalized pustular psoriasis and erythrod-
ermic psoriasis: efficacy and safety analyses of a 52- week, phase 3, 
multicenter, open- label study. J Dermatol. 2018;45:529– 39.

 53. Zaouak A, Magdoud O, Ben Jannet S, Hammami H, Fenniche S. 
Management of pustular psoriasis during pregnancy: report of 3 cases. 
6th Congress of the Skin Inflammation and Psoriasis International 
Network, Paris, France; 2019.

 54. Hela G, Emna B, Mariem N, Noura B, Sonia B, Abderrahmen M, et al. 
Generalized pustular psoriasis in the south of Tunisia: 44 cases. J Eur 
Acad Dermatol Venereol. 2019;33:24– 5.

 55. Strober B, Kotowsky N, Medeiros R, Mackey RH, Harrold LR, 
Valdecantos WC, et al. Unmet medical needs in the treatment and 
management of generalized pustular psoriasis f lares: evidence from a 
survey of Corrona registry dermatologists. Dermatol Ther (Heidelb). 
2021;11:529– 41.

 56. Jordan CT, Cao L, Roberson ED, Pierson KC, Yang CF, Joyce CE, 
et al. PSORS2 is due to mutations in CARD14. Am J Hum Genet. 
2012;90:784– 95.

 57. Farooq M, Nakai H, Fujimoto A, Fujikawa H, Matsuyama A, Kariya 
N, et al. Mutation analysis of the IL36RN gene in 14 Japanese patients 
with generalized pustular psoriasis. Hum Mutat. 2013;34:176– 83.

 58. Wang TS, Chiu HY, Hong JB, Chan CC, Lin SJ, Tsai TF. Correlation of 
IL36RN mutation with different clinical features of pustular psoriasis 
in Chinese patients. Arch Dermatol Res. 2016;308:55– 63.

 59. Berki DM, Liu L, Choon SE, Burden AD, Griffiths CEM, Navarini 
AA, et al. Activating CARD14 mutations are associated with gener-
alized pustular psoriasis but rarely account for familial recurrence in 
psoriasis vulgaris. J Invest Dermatol. 2015;135:2964– 70.

 60. Mahil SK, Twelves S, Farkas K, Setta- Kaffetzi N, Burden AD, Gach JE, 
et al. AP1S3 mutations cause skin autoinflammation by disrupting 
keratinocyte autophagy and up- regulating IL- 36 production. J Invest 
Dermatol. 2016;136:2251– 9.

 61. Li H, Liao D, Meng S, Liu J, Li S, Ni S, et al. Novel IL36RN mutation 
identified in pediatric- onset generalized pustular psoriasis causes 
IL36 antagonist degradation. J Clin Immunol. 2021;41:701– 4.

 62. Mössner R, Wilsmann- Theis D, Oji V, Gkogkolou P, Löhr S, Schulz 
P, et al. The genetic basis for most patients with pustular skin disease 
remains elusive. Br J Dermatol. 2018;178:740– 8.

 14683083, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18720 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [20/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 273PRINZ ET AL.

 63. Frey S, Sticht H, Wilsmann- Theis D, Gerschütz A, Wolf K, Löhr S, 
et al. Rare loss- of- function mutation in SERPINA3 in generalized 
pustular psoriasis. J Invest Dermatol. 2020;140:1451– 5.e13.

 64. Vergnano M, Mockenhaupt M, Benzian- Olsson N, Paulmann M, 
Grys K, Mahil SK, et al. Loss- of- function myeloperoxidase mutations 
are associated with increased neutrophil counts and pustular skin 
disease. Am J Hum Genet. 2020;107:539– 43.

 65. Tauber M, Bal E, Pei XY, Madrange M, Khelil A, Sahel H, et al. 
IL36RN mutations affect protein expression and function: a basis 
for genotype- phenotype correlation in pustular diseases. J Invest 
Dermatol. 2016;136:1811– 9.

 66. Liang J, Huang P, Li H, Zhang J, Ni C, Wang Y, et al. Mutations 
in IL36RN are associated with geographic tongue. Hum Genet. 
2017;136:241– 52.

 67. Iznardo H, Puig L. Exploring the role of IL- 36 cytokines as a new tar-
get in psoriatic disease. Int J Mol Sci. 2021;22:4344.

 68. Capon F. IL36RN mutations in generalized pustular psoriasis: just the 
tip of the iceberg? J Invest Dermatol. 2013;133:2503– 4.

 69. Tay YK, Tham SN. The profile and outcome of pustular psoriasis in 
singapore: a report of 28 cases. Int J Dermatol. 1997;36:266– 71.

 70. Wang Q, Wei Zhang L. Clinical features of von Zumbusch type of 
generalized pustular psoriasis in children: a retrospective study of  
26 patients in southwestern China. An Bras Dermatol. 2017;92:319– 22.

 71. Morita A, Yamazaki F, Matsuyama T, Takahashi K, Arai S, Asahina 
A, et al. Adalimumab treatment in Japanese patients with generalized 
pustular psoriasis: results of an open- label phase 3 study. J Dermatol. 
2018;45:1371– 80.

 72. Hanna ML, Singer D, Bender SD, Valdecantos WC, Wu JJ. 
Characteristics of hospitalizations and emergency department visits 
due to generalized pustular psoriasis in the United States. Curr Med 
Res Opin. 2021;37:1697– 703.

 73. Kotowsky N, Gao N, Singer D, Garry E, Golembesky A. Insights into 
generalized pustular psoriasis (GPP) using real- world data. European 
Conference on Rare Diseases (ECRD), Virtual; 2020.

 74. Miyachi H, Konishi T, Kumazawa R, Matsui H, Shimizu S, Fushimi 
K, et al. Treatments and outcomes of generalized pustular psoriasis: 
a cohort of 1516 patients in a nationwide inpatient database in Japan.  
J Am Acad Dermatol. 2021;86:1266– 74.

 75. Okubo Y, Kotowsky N, Gao R, Saito K, Morita A. Clinical character-
istics and health- care resource utilization in patients with general-
ized pustular psoriasis using real- world evidence from the Japanese 
Medical Data Center database. J Dermatol. 2021;48:1675– 87.

 76. Golembesky A, Kotowsky N, Gao R, Yamazaki H. Healthcare re-
source utilization (HRCU) in patients with generalized pustular pso-
riasis (GPP) in Japan: a claims database study. ISPOR, Virtual; 2020.

 77. Hayashi M, Nakayama T, Hirota T, Saeki H, Nobeyama Y,  
Ito T, et al. Novel IL36RN gene mutation revealed by analysis of  
8 Japanese patients with generalized pustular psoriasis. J Dermatol 
Sci. 2014;76:267– 9.

 78. Yamasaki K, Nakagawa H, Kubo Y, Ootaki K. Efficacy and safety of 
brodalumab in patients with generalized pustular psoriasis and pso-
riatic erythroderma: results from a 52- week, open- label study. Br J 
Dermatol. 2017;176:741– 51.

 79. Imafuku S, Honma M, Okubo Y, Komine M, Ohtsuki M, Morita A, 
et al. Efficacy and safety of secukinumab in patients with generalized 
pustular psoriasis: a 52- week analysis from phase III open- label mul-
ticenter Japanese study. J Dermatol. 2016;43:1011– 7.

 80. Gisondi P, Bellinato F, Girolomoni G, Albanesi C. Pathogenesis of 
chronic plaque psoriasis and its intersection with cardio- metabolic 
comorbidities. Front Pharmacol. 2020;11:11.

 81. Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker JN. Psoriasis. 
Lancet. 2021;397:1301– 15.

 82. Chandran NS, Chong WS. A dramatic response to a single dose of 
infliximab as rescue therapy in acute generalized pustular psoriasis of 
von Zumbusch associated with a neutrophilic cholangitis. Australas J 
Dermatol. 2010;51:29– 31.

 83. Allez M, Roux ME, Bertheau P, Erlinger S, Degott C, Morel P, et al. 
Recurrent cholestatic jaundice associated with generalized pustu-
lar psoriasis: evidence for a neutrophilic cholangitis. J Hepatol. 
2000;33:160– 2.

 84. Viguier M, Allez M, Zagdanski AM, Bertheau P, de Kerviler E, 
Rybojad M, et al. High frequency of cholestasis in generalized pus-
tular psoriasis: evidence for neutrophilic involvement of the biliary 
tract. Hepatology. 2004;40:452– 8.

 85. Ryan TJ, Baker H. The prognosis of generalized pustular psoriasis.  
Br J Dermatol. 1971;85:407– 11.

 86. Wolska H, Jablonska S, Langner A, Fraczykowska M. Etretinate ther-
apy in generalized pustular psoriasis (Zumbusch type). Immediate 
and long- term results. Dermatologica. 1985;171:297– 304.

 87. Youshou G, Wenyan X, Zhiqiang C. Evaluation of the effectiveness of 
various pustular psoriasis treatments in 90 cases. J Dermatolog Treat. 
1994;5:33– 5.

 88. Saeki H, Nakagawa H, Nakajo K, Ishii T, Morisaki Y, Aoki T, et al. 
Efficacy and safety of ixekizumab treatment for Japanese patients 
with moderate to severe plaque psoriasis, erythrodermic psoriasis 
and generalized pustular psoriasis: results from a 52- week, open- 
label, phase 3 study (UNCOVER- J). J Dermatol. 2017;44:355– 62.

 89. Suleiman AA, Khatri A, Oberoi RK, Othman AA. Exposure- response 
relationships for the efficacy and safety of risankizumab in Japanese 
subjects with psoriasis. Clin Pharmacokinet. 2020;59:575– 89.

 90. Roth PE, Grosshans E, Bergoend H. Psoriasis: lethal evolution and 
complications. Ann Dermatol Venereol. 1991;118:97– 105. [French].

 91. Choon SE, Lebwohl MG, Marrakchi S, Burden AD, Tsai TF, Morita 
A, et al. Study protocol of the global effisayil 1 phase II, multicentre, 
randomised, double- blind, placebo- controlled trial of spesolimab in 
patients with generalized pustular psoriasis presenting with an acute 
flare. BMJ Open. 2021;11:e043666.

 92. Löfvendahl S, Norlin JM, Schmitt- Egenolf M. Prevalence and inci-
dence of generalized pustular psoriasis in Sweden: a population- 
based register study. Br J Dermatol. 2022;186:970– 6.

 93. Choon SE, Bachelez H. Time to accurately determine the burden of 
generalized pustular psoriasis at the population level. Br J Dermatol. 
2022;186:919– 20.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Prinz JC, Choon SE, Griffiths 
CEM, Merola JF, Morita A, Ashcroft DM, et al. 
Prevalence, comorbidities and mortality of generalized 
pustular psoriasis: A literature review. J Eur Acad 
Dermatol Venereol. 2023;37:256– 273. https://doi.
org/10.1111/jdv.18720

 14683083, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdv.18720 by C

ochrane G
erm

any, W
iley O

nline L
ibrary on [20/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/jdv.18720
https://doi.org/10.1111/jdv.18720

	Prevalence, comorbidities and mortality of generalized pustular psoriasis: A literature review
	Abstract
	INTRODUCTION
	GPP PREVALENCE
	GPP prevalence in the general population
	GPP prevalence in patients with psoriasis
	GPP relapse rates and number of flares
	Prevalence of genetic mutations associated with GPP

	COMORBIDITIES OF GPP
	Comorbidities of GPP in Japanese studies
	Comorbidities of GPP in European studies
	Comorbidities of GPP in countries outside Europe or Japan

	GPP MORTALITY
	GPP mortality rates
	Causes of mortality

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


