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Background: Generalized pustular psoriasis (GPP) is a rare and severe inflammatory disease characterized by widespread pustular
eruptions and systemic inflammation.

Objective: To evaluate the clinical characteristics and disease burden of patients with GPP in Taiwan using a national claims
database.

Methods: Patients with GPP and no prior diagnosis of psoriasis vulgaris (PV) who experienced an incident flare between January 1,
2017, and September 30, 2020, were identified from Taiwan’s National Health Insurance Database. Clinical characteristics, comorbid-
ities, and treatment patterns were described. Recurrent flare frequency, healthcare resource utilization (HCRU) and costs were
compared with those of a propensity score—matched PV cohort at a ratio of up to 1:4. Outpatient-managed flares were classified as
moderate, whereas hospitalized flares were classified as severe.

Results: A total of 245 patients with GPP were included (mean age 51.3 years; 49.8% male). During follow-up, 1,156 moderate-to-
severe flares were identified. Compared with matched patients with PV, patients with GPP had a higher recurrent flare rate (rate ratio
1.14; 95% CI 1.06—1.23). Patients with GPP also had greater HCRU, including more outpatient visits (incidence rate ratio [IRR] 1.03
[95% CI 1.01-1.05]), emergency room visits (IRR 1.33, 95% CI 1.19-1.49), and hospital admissions (IRR 1.69 [1.50-1.91]). Median
monthly healthcare costs were approximately twice as high among patients with GPP as among matched patients with PV.
Conclusion: Patients with GPP experienced recurrent flares, greater healthcare utilization, and higher healthcare costs than matched
patients with PV, underscoring the substantial real-world clinical and economic burden of GPP.

Keywords: disease burden, generalized pustular psoriasis, healthcare costs, national health database, patient characteristics, pustular
psoriasis

Introduction

Generalized pustular psoriasis (GPP) is a rare, severe, and potentially life-threatening inflammatory skin disease
characterized by widespread erythema, sterile pustules, and systemic inflammation.’* Distinct from the more prevalent
psoriasis vulgaris (PV), which typically manifests as well-demarcated erythematous scaly plaques, GPP can cause
extensive pustular eruptions over large body areas and may require urgent medical attention.> The abrupt onset and
severity of GPP flares pose substantial clinical challenges, and severe episodes may be complicated by secondary
infection, sepsis, organ dysfunction, or other life-threatening complications.”
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The pathogenesis of GPP is complex and multifactorial, involving interacting genetic, immunological, and environ-
mental factors.” GPP is characterized by prominent innate immune activation and neutrophil-dominant inflammation, in
which dysregulation of the interleukin-36 (IL-36) pathway plays a central role.’> Mutations in the interleukin-36 receptor
antagonist (/L36RN) gene can lead to uncontrolled IL-36 signaling and represent a key genetic factor.*” This dysregula-
tion amplifies downstream cytokine and chemokine networks, including tumor necrosis factor (TNF)-a, IL-1p, IL-17, IL-
23, and IL-6, which promote systemic inflammation and neutrophil recruitment. Recruited neutrophils become activated
and accumulate within the epidermis, forming the sterile pustules characteristic of GPP.* Activated neutrophils further
amplify inflammation by releasing proteolytic enzymes, reactive oxygen species, and inflammatory mediators, contribut-
ing to tissue damage and systemic manifestations.® In parallel, IL-17/IL-23-related T helper 17 responses and keratino-
cyte activation contribute to a self-amplifying inflammatory loop that promotes keratinocyte proliferation and sustains
cutaneous inflammation.>® Environmental and physiological triggers, including infections, medication exposure or
withdrawal, pregnancy, and stress, may initiate or exacerbate this inflammatory cascade, thereby precipitating acute
GPP flares.*'°

Although GPP is rare, its epidemiologic and clinical burden is substantial. Reported prevalence ranges from 0.18 to
12.23 per 100,000 across countries, with generally higher estimates in some Asian populations.'' A Swedish population-
based register study reported an approximately 50% higher mortality rate among patients with GPP than among
comparator populations, underscoring its clinical severity.'? Patients with GPP frequently have multiple comorbidities,
while recurrent and prolonged flares impose substantial clinical, economic, and quality-of-life burdens," including
physical discomfort, impaired mobility, psychological distress, social stigmatization, and reduced work productivity.'*'

Despite this growing evidence, population-based real-world evidence on the clinical characteristics, treatment
patterns, healthcare resource utilization (HCRU), and costs of GPP remains limited.'® Leveraging a nationwide claims
database with nearly complete population coverage, this study had two objectives. The first was to characterize the
clinical profile, comorbidities, treatment patterns, flare characteristics, and disease burden among patients experiencing
GPP flares. The second was to compare all-cause HCRU and costs between patients with GPP flares and a matched
cohort of patients with PV during the 12 weeks following the index flare and over the entire follow-up period.

Methods
Study Design and Data Source

This nationwide retrospective cohort study utilized the Taiwan National Health Insurance Research Database (NHIRD),
which provides comprehensive health data for over 99% of Taiwan’s population. The database contains beneficiary
registries, outpatient and inpatient claims, and pharmacy prescription records, offering demographic insights and valuable
information on healthcare processes and disease burden.'’

The analysis covered data from January 1, 2016, to December 31, 2020. This timeframe was chosen because Taiwan
transitioned to the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diag-
nostic coding system in 2016, while December 31, 2020, represented the latest available claims data at the time of data
extraction. Adoption of ICD-10-CM introduced a specific diagnosis code for GPP (ICD-10-CM: L40.1), which was
absent in the previous ICD-9-CM system. The use of this specific diagnosis code for GPP enabled accurate and consistent
identification of the study cohort. This study was approved by the Institutional Review Board of the Chang Gung Medical
Foundation (No. 202200813B0).

Study Population and Flare Definition

Patients were eligible for inclusion if they met both of the following criteria: (1) had a documented diagnosis of GPP
(ICD-10-CM: L40.1) or PV (ICD-10-CM: L40.0) and received systemic treatment between January 1, 2016, and
December 31, 2020; and (2) experienced an incident (index) flare during the cohort identification period between
January 1, 2017, and September 30, 2020. Patients younger than 18 years of age on the index date or with missing
sex information were excluded. For the GPP cohort, patients with a prior PV diagnosis before the initial GPP diagnosis
were excluded. Patients diagnosed with GPP exclusively during the third trimester of pregnancy were also excluded to
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focus on non-pregnancy-associated GPP and reduce clinical heterogeneity, because impetigo herpetiformis is considered
a pregnancy-associated pustular psoriasis that occurs most frequently during the last trimester. This exclusion also helped
minimize potential confounding by pregnancy-related HCRU.'® For the PV cohort, patients were excluded if they had
a prior or concurrent diagnosis of GPP.

Flares were identified using a treatment-based algorithm that reflected intensification (initiation or escalation) of
systemic dermatologic treatment. A flare-defining event was defined as the addition of a new systemic therapy, transition
from topical to systemic treatment, switching to an alternative systemic agent, resumption of systemic treatment after
a treatment gap of at least three months, or dose escalation of existing systemic treatment. The systemic therapies
considered were acitretin, adalimumab, brodalumab, cyclosporine, etanercept, guselkumab, ixekizumab, methotrexate,
prednisolone, secukinumab, and ustekinumab.

Flare severity was classified based on the healthcare setting in which the flare was managed: flares treated in the
outpatient department (OPD) were classified as moderate, whereas flares requiring admissions into the inpatient
department (IPD) were classified as severe. Because clinical severity scores, such as the Generalized Pustular
Psoriasis Area and Severity Index (GPPASI), Generalized Pustular Psoriasis Physician Global Assessment (GPPGA),
and Psoriasis Area and Severity Index (PASI), are unavailable in claims data, healthcare setting was used as a proxy for
flare severity. Accordingly, all flares captured in this study were classified as moderate to severe.

The index flare was defined as the first qualifying flare episode during the cohort identification period, with no flare
identified in the prior 365-day washout period. The index date was defined as the date of the first healthcare encounter
associated with the index flare. Each flare was operationalized as a 12-week episode beginning on the flare start date,
with any flare-defining treatment intensification occurring within this period considered part of the same episode. The
study timeline and cohort identification process are illustrated in Supplementary Figure S1.

Outcome and Follow-Up

Outcomes assessed after the index date included recurrent flares, all-cause HCRU, and all-cause healthcare costs.
Recurrent flares were defined as flare episodes occurring after the index date and were identified using the same
treatment-based flare algorithm and 12-week episode definition described above. Costs were defined as total reimbursed
claims amounts, encompassing inpatient, outpatient, and pharmacy costs, and were converted from New Taiwan dollar
(TWD) to U.S. dollar (USD) using the average 2017-2020 exchange rate rounded to 1 USD = 30 TWD.'"® Medication
costs were defined as reimbursed costs for prescribed drugs, whereas non-medication costs included all other reimbursed
medical costs, such as physician service, procedure, laboratory, diagnostic, and facility-related fees. Outcomes were
evaluated over two follow-up windows: (1) the 12 weeks following the index date and (2) the entire follow-up period.
Follow-up commenced on the index date and continued until death or the end of the study period (December 31, 2020),
whichever occurred first.

Statistical Analysis
Continuous variables are presented as mean + standard deviation (SD) or median (interquartile range), while categorical
variables are presented as counts and percentages.

To reduce confounding in comparative analyses of HCRU and costs, propensity score matching was employed to
balance baseline characteristics between the GPP and PV cohorts. Propensity scores were estimated using logistic
regression, incorporating the following baseline covariates: age, sex, Charlson Comorbidity Index (CCI), comorbidities,
comedications, and index flare severity. A 365-day baseline period preceding the index date was used to collect data on
comorbidities and comedication use. The comorbidities assessed were hypertension, hyperlipidemia, hyperuricemia,
coronary artery disease, liver disease, asthma, thyroid disease, depression, uveitis, ulcerative colitis, and psoriatic
arthritis. Comedications were identified based on medication use prior to the index flare and included antidiabetic agents,
antihypertensive agents, lipid-lowering agents, and treatments for chronic obstructive pulmonary disease and asthma.
Matching between GPP and PV study cohorts was performed using greedy nearest neighbor matching without replace-
ment at a ratio of up to 1:4, with a caliper width of 0.2 SD of the logit of the propensity scores.
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Recurrent flare rates were calculated among patients who experienced at least one recurrence of flares, using the 12-
week flare episode definition described above. Conditional Poisson regression was used to compare the HCRU and rate
ratios for recurrent flare events between patients with GPP and PV. For cost analysis, a generalized linear model (GLM)
with a gamma distribution was applied when the number of zero-cost observations was fewer than 10, with zero replaced
by 1x107'° to allow for log transformation. If more than 10 zero-cost observations were present, a two-stage model was
used, consisting of logistic regression followed by a GLM with a gamma distribution to appropriately account for the
excess zeros.'® Cost ratios were estimated from generalized linear models with a log link and gamma distribution using
model-derived mean costs. 95% confidence intervals (Cls) were estimated for all comparisons. For the two-stage model,
the 95% Cls were calculated using 1,000 bootstrap replications.

All statistical analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Demographic and Baseline Characteristics

A total of 245 patients with GPP were identified based on the study criteria (Figure 1). The mean age at enrollment was
51.3 £ 16.8 years, and 49.8% were male (Table 1). The most common comorbidities were hypertension (27.8%), diabetes
(19.2%), dyslipidemia (15.5%), and thyroid disease (18.0%). The mean CCI score was 0.8 + 1.3. Regarding comedica-
tion use, antidiabetic agents were used by 13.5% of patients, antihypertensive agents by 35.5%, and lipid-lowering agents
by 15.1%. Severe index flares were observed in 9.0% of patients.

Before matching, compared with patients with PV, those with GPP were similar in age and comorbidity profile;
however, a lower proportion of GPP patients were male (49.8% vs. 67.2%), and a greater proportion experienced a severe
index flare (9.0% vs. 2.1%). After propensity score matching, baseline characteristics were well balanced between the
two cohorts (Table 1).

Generalized pustular psoriasis (GPP)

Psoriasis vulgaris (PV)

510 patients with GPP diagnosis and GPP-
related systemic treatment (2016-2020)

22,937 patients with PV diagnosis and PV-
related systemic treatment (2016-2020)

!

!

Exclusion:

* 6 patients with unknown sex

« 37 patients aged <18 years
at the index date

* 193 patients with PV

diagnosed before GPP

0 patients diagnosed with

GPP during the 3rd

trimester of pregnancy

481 patients with an incident (index) flare
episode during the identification period (365-
day flare-free washout)

21,001 patients with an incident (index) flare
episode during the identification period (365-
day flare-free washout)

A 4

245 patients with GPP diagnosis
contributing 1,156 moderate-to-severe flares

19,189 patients with PV diagnosis
contributing 80,724 moderate-to-severe flares

Exclusion:

186 patients with unknown
sex

305 patients aged <18 years
at the index date

1,321 patients with GPP
diagnosed before PV

Up to 1:4 propensity score matching

245 GPP patients
contributing 1,075 moderate flares
and 81 severe flares

967 PV patients
contributing 3,831 moderate flares
and 155 severe flares

!

!

243 GPP patients with recurrence
contributing 852 moderate recurrent flares
and 59 severe recurrent flares

961 PV patients with recurrence
contributing 2,940 moderate recurrent flares
and 79 severe recurrent flares

Figure | Flowchart of patient selection for GPP and PV cohorts.
Abbreviations: GPP, generalized pustular psoriasis; PV, plaque psoriasis.
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Table | Patient Baseline Demographic and Clinical Characteristics

Characteristics Before Matching After Matching
GPP Patients | PV Patients | SMD | GPP Patients | PV Patients | SMD
(n=245) (n=19,189) (n=245) (n=967)
Age at index date (years, mean * SD) | 51.3 £ 168 50.0 + 15.6 0.08 513+ 168 509 + 154 0.02
Male sex, n (%) 122 (49.8) 12,890 (67.2) | —0.36 | 122 (49.8) 453 (46.8) 0.06
Comorbidities, n (%)
Asthma 5(2.0) 474 (2.5) -0.03 | 5(2.0) 23 (24) —0.02
Coronary artery disease 10 (4.1) 1,196 (6.2) —0.1 10 (4.1) 33 34) 0.04
Cerebrovascular disease 16 (6.5) 666 (3.5) 0.14 16 (6.5) 57 (5.9) 0.03
Chronic heart failure 9 (3.7) 377 (2.0) 0.1 9 (3.7) 31 3.2) 0.03
Chronic pulmonary disease 6 (2.4) 395 (2.1) 0.03 6 (2.4) 19 (2.0) 0.03
Chronic renal insufficiency 7 (2.9) 587 (3.1) —-0.01 7 (2.9) 26 (2.7) 0.01
Depression/Anxiety 9(3.7) 657 (3.4) 0.01 9 (3.7) 37 (3.8) —-0.01
Diabetes without chronic complication 39 (15.9) 2,702 (14.1) 0.05 39 (15.9) 126 (13.0) 0.08
Diabetes with chronic complication 8 (3.3) 861 (4.5) -0.06 | 8(3.3) 30 (3.1) 0.01
Dyslipidemia 38 (15.5) 3,512 (18.3) —0.07 | 38 (15.5) 138 (14.3) 0.03
Fatty liver/Hepatitis 22 (9.0) 2,096 (10.9) —0.06 | 22 (9.0) 75 (7.8) 0.04
Hyperuricemia ¥ 111 (0.6) -0.02 | -* 4 (0.4) 0
Hypertension 68 (27.8) 5,076 (26.5) 0.03 68 (27.8) 252 (26.1) 0.04
Malignant tumor 9 (3.7) 667 (3.5) 0.0l 9 (3.7) 40 (4.1) —0.02
Psoriatic arthritis 36 (14.7) 2,851 (14.9) 0 36 (14.7) 136 (14.1) 0.02
Rheumatic disease 9 (3.7) 629 (3.3) 0.02 9 (3.7) 39 (4.0) —0.02
Thyroid disease 44 (18.0) 3,356 (17.5) 0.01 44 (18.0) I51 (15.6) 0.06
Uveitis ¥ 52 (0.3) 0.02 ¥ 4 (0.4) 0
Ulcerative colitis ¥ 12 (0.1) 0.07 ¥ ¥ 0.06
CCI score, mean * SD 08+ 1.3 07+12 0.07 08+ 1.3 07+13 0.06
Comedications, n (%)
Antidiabetic agents 33 (13.5) 2,748 (14.3) —-0.02 | 33 (13.5) 113 (11.7) 0.05
Antihypertensive agents 87 (35.5) 6,130 (31.9) 0.08 87 (35.5) 331 (34.2) 0.03
COPD and asthma inhaled medications 9 (3.7) 423 (2.2) 0.09 9 (3.7) 33 (34 0.01
Lipid-lowering agents 37 (15.1) 3,420 (17.8) —0.07 | 37 (15.1) 132 (13.7) 0.04
Index flare severity, n (%)
Severe 22 (9.0) 407 (2.1) 0.3 22 (9.0) 76 (7.9) 0.04

Notes: *Cell numbers less than 3 were not allowed to be presented due to Taiwan’s NHIRD confidentiality policies.
Abbreviations: COPD, chronic obstructive pulmonary disease; GPP, generalized pustular psoriasis; PV, psoriasis vulgaris; SMD, standard mean difference.

GPP Flare Severity and Treatment
Among the patients with GPP, 1,156 moderate-to-severe flares were recorded during follow-up, of which 93.0% were
moderate and 7.0% were severe (Table 2). All flare episodes were treated with systemic therapy, most commonly
prednisolone (47.2%), methotrexate (39.3%), acitretin (30.2%), and cyclosporine (26.7%). Biologic therapy was less
frequently used, with adalimumab (9.1%) and ustekinumab (7.3%) being the most commonly prescribed biologic agents.
Topical treatments were used in 68.2% of flares, primarily corticosteroids (67.0%), while phototherapy was adminis-
tered in 11.3% of cases. Treatments for other indications were also common (44.5%), most commonly antibiotics
(32.6%), sedatives (12.5%), opioid analgesics (11.2%), and psychiatric medications (8.1%).

Frequency of Recurrent Flares

In the GPP group, 243 of 245 (99.2%) patients experienced at least one recurrent flare during follow-up (Table 3).
Among patients with recurrence, the median follow-up was 2.9 (1.8-3.5) years for GPP and 2.7 (1.7-3.4) years for PV.
The overall recurrent flare event rate was 4.0 per 1,000 patient-days (95% CI, 3.7-4.2), with 3.7 per 1,000 patient-days
attributable to moderate flares and 0.3 per 1,000 patient-days to severe flares.
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Table 2 Clinical and Treatment Characteristics of GPP Flares During Follow-Up

Clinical and Treatment Characteristics Flares (n=1,156)
n %
Season
Spring (March—May) 265 229
Summer (June—August) 310 26.8
Autumn (September—November) 277 24.0
Winter (December—February) 304 26.3
Severity
Moderate (treated as outpatient) 1075 93.0
Severe (treated as inpatient) 8l 7.0
Systemic treatments
Ever used at least one of the following systemic treatments 1,156 100.0
Acitretin 349 30.2
Cyclosporine 309 26.7
Methotrexate 454 39.3
Prednisolone 546 47.2
Adalimumab 105 9.1
Brodalumab Il 1.0
Etanercept 33 29
Guselkumab 25 22
Ixekizumab 12 1.0
Secukinumab 52 4.5
Ustekinumab 84 7.3
Topical treatments
Ever used at least one of the following topical treatments 788 68.2
Corticosteroids 774 67.0
Tar 0 0.0
Tazarotene 0 0.0
Vitamin D analog 63 5.5
Phototherapy 131 1.3
Treatment for other indications during the flare
Ever used at least one of the following treatments for other indication | 514 44.5
Antibiotics 377 32.6
Opioid pain medications 129 1.2
Psychiatric medications 94 8.1
Sedatives 145 12.5

Abbreviation: GPP, generalized pustular psoriasis.

Table 3 Comparison of Recurrent Flare Event Rates Between Patients with GPP and PV Who Experienced Recurrence

Type of Recurrent Flare GPP Patients with Recurrent PV Patients with Recurrent Event Rate P Value
Flare (n=243)* Flare (n=961)* Ratio (GPP vs. PV)
Event Number Event Ratel Event Number Event Rate'
All recurrent flares 9l 4.0 (3.74.2) 3,019 3.5 (3.4-3.6) 1.14 (1.06-1.23) <0.001
Severe 59 0.3 (0.2-0.3) 79 0.1 (0.1-0.1) 2.82 (2.01-3.95) <0.001
Moderate 852 3.7 (3.54.0) 2,940 3.4 (3.3-35) 1.09 (1.01-1.18) 0.020

Notes: *The numbers of patients with GPP and PV differ from those in Table | because this analysis was restricted to patients who experienced at least one recurrent flare
during follow-up (243 of 245 GPP patients and 961 of 967 PV patients). fPatients were followed until death or the end of the study, with any flares occurring within a 12-
week period considered a single event. Event rates are calculated as the number of recurrent flare events divided by total follow-up time and presented per 1,000 patient-
days. Bold formatting indicates statistically significant comparisons, defined as ratio estimates with 95% Cls that do not include the null value of 1.0 and corresponding
P values <0.05.

Abbreviations: GPP, generalized pustular psoriasis; PV, psoriasis vulgaris.
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Compared with patients with PV, those with GPP exhibited a higher overall recurrent flare event rate (rate ratio, 1.14;
95% CI, 1.06—1.23). When stratified by severity, the rate ratio was 2.82 (95% CI, 2.01-3.95) for severe flares and 1.09
(95% CI, 1.01-1.18) for moderate flares.

HCRU

Table 4 summarizes HCRU among patients with GPP and PV. During the 12-week period following the index flare,
patients with GPP had a mean of 0.2 £+ 0.6 emergency room (ER) visits, 7.0 £ 4.7 OPD visits, 0.3 £ 0.6 IPD admissions,
and 0.0 £ 0.1 ICU stays. Compared with patients with PV, those with GPP showed higher utilization of services in the ER
(incidence rate ratios [IRR], 1.43 [95% CI 1.04-1.97]), OPD (1.11 [1.05-1.17]), and IPD (1.92 [1.46-2.51]) during this
early post-flare period.

The median duration of complete follow-up was 3.1 (2.0-3.7) years for patients with GPP and 3.0 (1.9-3.6) years for
patients with PV. Over the entire follow-up period, patients with GPP consistently demonstrated greater HCRU, including
more ER visits (1.33 [1.19-1.49]), OPD visits (1.03 [1.01-1.05]), and IPD admissions (1.69 [1.50—1.91]), compared with
patients with PV.

Healthcare Costs

During the 12-week period following the index flare, patients with GPP experienced a pronounced economic burden,
with a median total healthcare cost of USD 579.70, substantially higher than that observed among patients with PV
(USD 274.40) (Table 5). Outpatient care accounted for the largest share of costs in this early post-flare period, and
patients with GPP incurred significantly higher outpatient costs than those with PV (cost ratio, 1.40; 95% CI,
1.09-1.80).

Over the entire follow-up period, the median total healthcare cost among patients with GPP was USD 187.10 per
patient per month, approximately twice that of patients with PV (USD 92.60). Outpatient services remained the
dominant contributor to overall costs, with consistently higher outpatient expenditures observed in the GPP group
(cost ratio, 1.31; 95% CI, 1.07-1.59). In contrast, differences in IPD and ER costs between groups were not
statistically significant across either time horizon. Mean healthcare costs for the corresponding analyses are provided
in Supplementary Table S1.

Table 4 Comparison of HCRU Between Patients with GPP and PV Following Disease Flares

GPP (n=245) PV (n=967) Incidence Rate P Value
Ratio (IRR)

Patients with >1 Visit*, | Number of Visits, | Patients with >I Visit*, | Number of Visits,
n (%) Mean = SD n (%) Mean * SD

All-cause HCRU during 12 weeks following the index flare

ER visits 40 (16.3) 02+06 99 (10.2) 02+06 1.43 (1.04-1.97) | 0.029
OPD visits 243 (99.2) 70+ 47 961 (99.4) 63+ 44 1.11 (1.05-1.17) | <0.001
IPD admissions | 60 (24.5) 03+06 128 (13.2) 02+05 1.92 (1.46-2.51) | <0.001
ICU stays 3(1.2) 000l 21 (2.2) 0.0 +02 0.56 (0.17-1.89) | 0.355

All-cause HCRU during entire follow-up period

ER visits 140 (57.1) 1.7 +32 447 (46.2) 12£25 1.33 (1.19-1.49) | <0.001
OPD visits 243 (99.2) 615510 965 (99.8) 57.5 + 48.1 1.03 (1.01-1.05) | 0.004
IPD admissions | 142 (58.0) 1.6+23 337 (34.9) 09+ 21 1.69 (1.50-1.91) | <0.001
ICU stays 19 (7.8) 02+07 69 (7.1) 0.1 +05 137 (0.95-1.96) | 0.091

Notes: *Patients with 2 visit indicates the number and proportion of patients experiencing at least one instance of the specified HCRU during the defined observation
period. Bold formatting indicates statistically significant comparisons, defined as ratio estimates with 95% Cls that do not include the null value of 1.0 and corresponding
P values <0.05.

Abbreviations: ER, emergency room; GPP, generalized pustular psoriasis; HCRU, healthcare resource utilization; ICU, intensive care unit; IPD, inpatient department; OPD,
outpatient department; PV, psoriasis vulgaris; SD, standard deviation.
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Table 5 Healthcare Costs Among Patients with GPP and PV Following Disease Flares

Cost Category GPP (n=245) PV (n=967) Cost Ratio (95% CI)

Costs during 12 weeks following the index flare

Total costs (USD) 579.7 (191.2-1,392.2) | 274.4 (115.1-692.9) | 1.21 (0.95-1.53)
Medication 65.4 (13.9-213.8) 54.6 (13.9-157.6) | 1.29 (0.85-1.86)
Non-medication 322.8 (102.1-1,130.0) | 149.8 (51.7-427.5) | 1.19 (0.90-1.56)

Inpatient/ER costs (USD) | 0.0 (0.0-157.4) 0.0 (0.0-0.0) 0.96 (0.62-1.57)
Medication 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.92 (0.22-2.53)
Non-medication 0.0 (0.0-100.3) 0.0 (0.0-0.0) 0.96 (0.61-1.61)

Outpatient costs (USD) | 346.0 (135.6-693.7) | 235.6 (104.4-432.2) | 1.40 (1.09-1.80)
Medication 62.6 (11.3-190.3) 5011 (127-1453) | 1.40 (0.94-2.09)
Non-medication 188.8 (68.7—416.4) 124.5 (45.9-291.4) | 1.41 (1.04-1.91)

Costs per patient per month during entire follow-up period

Total costs (USD) 187.1 (71.7-578.4) 92.6 (42.6-2829) | 1.18 (0.80-1.73)
Medication 51.3 (18.9-155.3) 311 (13.4-77.6) 110 (0.70-1.76)
Non-medication 120.5 (40.9-321.1) 557 22.1-177.5) | 1.21 (0.84-1.76)

Inpatient/ER costs (USD) | 22.2 (0.0-104.5) 1.5 (0.0-37.4) 0.99 (0.47-2.36)
Medication 0.0 (0.0-4.3) 0.0 (0.0-0.0) 0.49 (0.17-2.08)
Non-medication 15.5 (0.0-83.2) 0.6 (0.0-30.3) 121 (0.59-2.51)

Outpatient costs (USD) | 107.1 (46.4-243.4) 706 (36.0-161.2) | 1.31 (1.07-1.59)
Medication 41.1 (16.3-108.7) 28.2 (12.3-63.1) 1.45 (1.15-1.82)
Non-medication 56.1 (24.4-134.5) 39.8 (18.5-92.9) 122 (0.97-1.53)

Notes: Costs were converted from NTD to USD using the average 2017-2020 exchange rate rounded to | USD = 30
TWD and are presented as medians (interquartile ranges) rounded to one decimal place for reporting clarity. Medication
costs were reimbursed costs for prescribed drugs; non-medication costs included all other reimbursed medical costs, such
as physician service, procedure, laboratory, diagnostic, and facility-related fees. Bold cost ratios indicate estimates with 95%
Cls that do not include the null value of 1.0. Mean healthcare costs are provided in Supplementary Table SI. Healthcare
costs among patients with GPP and PV flares who experienced each specific type of cost are presented in Supplementary
Table S2.

Abbreviations: ER, emergency room; GPP, generalized pustular psoriasis; PV, psoriasis vulgaris.

Discussion
This study comprehensively examined the clinical characteristics and disease burden associated with GPP, providing
valuable insights into its demographic, clinical, and economic aspects and underscoring its significant impact on patients.

Our analysis showed that patients with GPP in Taiwan had a mean age of approximately 51 years, with a nearly equal
distribution between males and females. This finding aligns with previous research indicating that GPP affects a broad
age range, with mean or median ages around 50 years.”’>? Interestingly, a multiethnic study reported variations in the
age of onset among different ethnic groups, with Chinese patients exhibiting an earlier peak onset (20-39 years)
compared with Malay and Indian patients (40-49 years).”® Additionally, the prevalence of GPP varied across ethnicities,
with the highest prevalence observed in the Chinese population (271 per million), followed by Malay (186 per million)
and Indian (179 per million) populations. This difference may be attributable to a higher prevalence of /L36RN mutations
among Chinese patients (27%) compared with Malay (17%) and Indian (0%) patients.** These findings are consistent
with another study which indicated that the prevalence of GPP appears to be higher in Asia,'' highlighting potential
ethnic differences and variability in disease manifestation across populations.

Consistent with our findings, studies have reported that GPP affects both sexes relatively equally.”’~* In contrast,
a population-based study conducted in Malaysia reported a higher GPP prevalence among females, with a female-to-male
ratio of 2:1 ratio and period prevalence rates of 267 and 127 per million in females and males, respectively. In that study,
prevalence was consistently higher among females across all age groups, peaking at 4059 years, while prevalence
among males peaked after the age of 60 years.>® The differing sex distributions observed between our study and this prior
report warrant further investigation to determine whether they reflect population-specific characteristics or other under-
lying factors.
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Our study revealed a high prevalence of comorbid conditions among patients with GPP, consistent with broader
observations in psoriasis populations. Cardiovascular and metabolic comorbidities were particularly prevalent, followed
by thyroid disease, while approximately 4% of patients had a psychiatric disorder. Similarly, a previous study identified
hypertension, hyperlipidemia, and diabetes as common comorbidities of GPP, along with thyroid disorders, depression,
and anxiety as frequently observed conditions.*’

GPP is characterized by recurrent and prolonged flares that substantially contribute to the overall disease burden.
A systematic review by Bhutani et al'® reported that patients typically experience annual flares lasting from two weeks to
three months, and that more than 80% of patients experience residual disease following flare resolution. Such episodes
can significantly impact daily activities and mental health, often leading to or exacerbating anxiety and depression.'
Prior literature on these interrelationships underscores the importance of a comprehensive, multidisciplinary approach to
GPP management that addresses dermatologic manifestations as well as associated systemic and psychological
comorbidities.*®

HCRU among patients with GPP was high, with a mean of 61.5 OPD visits per patient over a median follow-up time
of 3.1 years. IPD and ER visits were more frequent in the GPP group than in the PV group, likely reflecting the acute and
systemic nature of GPP flares. Widespread pustular eruptions and epidermal barrier disruption may contribute to pain,
fluid loss, secondary infection, sepsis, organ dysfunction, and other complications requiring urgent or intensive medical
care. Studies from Japan, Sweden, and the United States have similarly reported higher HCRU among patients with GPP,
including longer hospital stays and more frequent healthcare provider visits compared to both the general population and
patients with PV or plaque psoriasis.?’ 2’ These findings highlight the substantial disease burden and economic impact of
GPP compared with PV.

In our study, patients with GPP exhibited higher recurrence rates, more severe flares, and greater HCRU, translating
into higher healthcare costs compared with patients with PV. This finding is consistent with prior studies reporting higher
direct healthcare costs and more intensive healthcare needs among patients with GPP than those with PV, plaque
psoriasis, or the general population.”®>® For example, Wang et al reported that a higher proportion of patients with
GPP required hospitalization than patients with PV (22.0% vs. 7.8%), and that hospital stays were longer among patients
with GPP, underscoring the severe and resource-intensive nature of the disease.®'

Notably, although we anticipated that costs would be concentrated in the immediate post-flare period, total costs
during the 12 weeks following the index flare were not disproportionately higher than those observed over the entire
follow-up period. This pattern likely reflects a highly skewed, zero-inflated distribution of inpatient and ER utilization, in
which many patients did not require acute care during the initial 12-week window, whereas a small subgroup accounted
for the majority of early expenditures. Accordingly, when restricting analyses to patients who incurred any inpatient or
ER costs (Supplementary Table S2), 12-week post-flare expenditures were markedly higher than the overall per-patient

average, indicating substantial cost concentration among those requiring acute care. In addition, because our estimates
represent all-cause rather than GPP-attributable costs, flare-related differences may be attenuated.

Treatment and cost patterns should also be interpreted in the context of the 20162020 study period, when no GPP-
specific therapy had been approved. Management during this period largely relied on conventional systemic agents,
corticosteroids, and biologics approved for plaque psoriasis or psoriatic disease. Spesolimab, an IL-36 receptor antagonist
and the first approved treatment for GPP flares, was approved after the observation period. Thus, the treatment patterns,
HCRU, and costs observed in this study reflect the pre-GPP-specific therapy era and may differ from current practice, in
which targeted IL-36 pathway inhibition is available. In addition, biologic uptake may be limited in routine clinical

practice,>>*?

and treatment initiation can be delayed by access and reimbursement processes, such that biologic-related
costs may accrue beyond the initial 12-week period. Taken together, these findings suggest that the economic impact of
GPP arises from both acute flares and sustained care needs over time, underscoring the importance of effective
management strategies to reduce flares and mitigate downstream HCRU.

Our study has several strengths. First, it leveraged large-scale national insurance data, providing a comprehensive
overview of GPP in Taiwan. Given the rarity of GPP, use of a population-based database is especially valuable for
capturing a sufficiently large sample to enable robust analyses of clinical characteristics, disease burden, HCRU, and

economic impact. Analysis of real-world claims data offers valuable insights into disease management across diverse
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patient populations. Second, inclusion of a comparison cohort of patients with PV strengthened the study’s validity by
enabling direct comparisons and highlighting unique features to GPP. Third, the detailed examination of treatment
patterns further enriched the understanding of GPP management strategies.

Despite its strengths, this study has several limitations. First, because this study relies on administrative claims data,
GPP cases were identified based on ICD codes rather than confirmed through chart review, which may have resulted in
underestimation of disease burden due to misdiagnosed or undiagnosed cases. Second, clinical severity scores, including
GPPASI, GPPGA, and PASI, were unavailable in the claims database. Therefore, flare severity was operationalized using
healthcare setting as a proxy. Although this approach reflects clinically meaningful differences in healthcare intensity, it
may not fully capture skin involvement, systemic manifestations, or physician-assessed disease severity. Third, key
clinical details, such as /L36RN mutation status, are also unavailable in the claims database. In addition, chronic
infections were not included in the predefined baseline covariate set, although they may influence subsequent risk
profiles, HCRU, and costs. These unmeasured or unaccounted factors may have contributed to residual confounding.
Finally, we could not distinguish GPP-specific HCRU and costs from those attributable to other causes. Consequently,
our analysis reflects overall HCRU and costs rather than those directly attributable to GPP. Future studies incorporating
disease-specific information could improve the accuracy of disease characterization and provide more precise assess-
ments of HCRU and economic burden.

Building on these findings, coordinated multidisciplinary care that addresses cardiometabolic, endocrine, and mental
health comorbidities may be warranted. Earlier, proactive control of flares with timely use of biologics or other advanced
therapies, when appropriate, may help reduce recurrence, HCRU, and costs. Further research comparing treatment
approaches and their cost-effectiveness could help clarify optimal care pathways, alongside investigations into genetic
and environmental contributors to support more individualized management. A systematic assessment of psychosocial
impact and quality of life could further inform comprehensive patient-centered care.

Conclusion

This study underscores the substantial clinical and economic burden of GPP. Patients with GPP had frequent comorbid-
ities and recurrent flares and, compared with matched patients with PV, they experienced higher HCRU and outpatient
costs. These findings highlight the need for comprehensive management strategies to reduce flares, prevent complica-
tions, and mitigate downstream HCRU. Continued evaluation of emerging treatment approaches has the potential to
further optimize the care and management of patients with GPP.
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