
Fig 1. Total percentage of SOC publications between 2000 and 2022 in the Journal of the
American Academy of Dermatology. SOC, Skin of color.
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Mortality in generalized pustular
psoriasis: A population-based
national register study
To the Editor: Generalized pustular psoriasis (GPP)
( prevalence, 1.8-124/million people1,2) is a severe
form of pustular psoriasis characterized by acute
flares with systemic inflammation.3 GPP is associated
with several comorbidities,1,4 and ;50% of patients
with GPP have concomitant psoriasis vulgaris
(PV).1,4 We have assessed mortality and cause of
death in GPP compared with the general population
(GP) and patients with PV.

From the Swedish National Patient Register, we
identified 1093 physician-diagnosed patients with
GPP using a criterion of 1 primary or secondary GPP
diagnosis (International Classification of Diseases,
10th revision, code L40.1) in 2004-2015. These were
matched (1:5) to controls from the GP and (1:3) to
controls with PV (and no GPP or palmoplantar
pustulosis), on the basis of sex and age ( flowcharts;
Supplement 1, available via Mendeley at https://data.
mendeley.com/datasets/5tt3kgr9kt/1). Individuals
deceased between 2004 and 2020 were identified
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Table I. Baseline characteristics and mortality outcomes (overall and by age at diagnosis) for the GPP cohort
and the matched control groups

GPP cohort

n = 1022

Matched control groups

General population*

n = 4842

Psoriasis

vulgarisy n = 3048

Women, n (%) 631 (61.7) 3015 (62.3) 1886 (61.9)
Patients with at least 2 GPP diagnoses
( given at different occasions) 2004-2015, n (%)

452 (44.2) N/A N/A

Patients with a psoriasis vulgaris diagnosisz

2004-2015, n (%)
555 (54.3) N/A N/A

Age at diagnosis, mean (SD) All 58.4 (16.6) 58.1 (16.5) 58.3 (16.5)
Men 58.0 (16.0) 57.6 (16.0) 57.8 (16.0)
Women 58.6 (16.9) 58.3 (16.8) 58.6 (16.9)

Age (intervals) at diagnosis, n (%) 18-44 211 (20.7) 1015 (21.0) 633 (20.8)
45-64 424 (41.5) 2038 (42.1) 1267 (41.6)
65-79 284 (27.8) 1331 (27.5) 845 (27.7)
$80 103 (10.1) 458 (9.5) 303 (9.9)

Follow-up time in years
(overall and across age at
diagnosis intervals), mean (SD)

Overall 9.3 (4.6) 10.0 (4.3) 10.1 (4.1)
18-44 11.3 (3.9) 11.2 (3.9) 11.5 (3.6)
45-64 10.4 (4.3) 11.0 (4.1) 11.1 (3.8)
65-79 8.1 (4.2) 8.9 (4.1) 9.0 (3.8)
$80 4.2 (3.5) 5.8 (3.7) 6.4 (3.6)

No. of deaths during follow-up, n (%) Overall 315 (30.8) 1027 (21.2) 679 (22.2)
18-44 7 (0.7) 9 (0.2) 6 (0.2)
45-64 81 (7.9) 198 (4.1) 145 (4.8)
65-79 135 (13.2) 463 (9.6) 291 (9.5)
$80 92 (9.0) 357 (7.4) 237 (7.8)

Person-years at riskx Overall 9550 48,236 30,926
18-44 2386 11,362 7302
45-64 4415 22,338 14,059
65-79 2314 11,861 7622
$80 435 2675 1943

Mortality rate ( per 1000 person-years) Overall 33.0 21.3 22.0
18-44 2.9 0.8 0.8
45-64 18.3 8.9 10.3
65-79 58.3 39.0 38.2
$80 211.3 133.5 122.0

Hazard ratios for all-cause mortality in
GPP vs general population controls,
(CI); (P value)

Overall 1.81 (1.58-2.08); ( p\ .001)
18-44 3.49 (1.30-9.42); (P = .013)
45-64 2.07 (1.58-2.70); (P\ .001)
65-79 1.61 (1.31-1.97); (P\ .001)
$80 1.88 (1.43-2.46; (P\ .001)

Hazard ratios for all-cause mortality in
GPP vs psoriasis vulgaris controls, (CI);
(P value)

Overall 1.90 (1.63-2.21); (P\ .001)
18-44 3.50 (1.18-10.41); (P = .024)
45-64 2.03 (1.52-2.71); (P\ .001)
65-79 1.66 (1.32-2.09); (P\ .001)
$80 2.14 (1.58-2.90); (P\ .001)

GPP, Generalized pustular psoriasis (L40.1 as primary or secondary diagnosis); N/A, not applicable; PPP, palmoplantar pustulosis; PV, psoriasis

vulgaris.

*Matched on year of birth, sex, and residential area.
yMatched on year of birth, sex, and index year (ie, year of first PPP or PV diagnosis).
zL40.0 or L40.9 as primary diagnosis.
xThe total sum of the number of years that each member of a study population has been under observation.
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in the Swedish Cause of Death Register. Survival was
compared between groups using Kaplan-Meier
curves. Age-stratified hazard ratios (HRs) for all-
cause mortality were determined by Cox regression
models. In subgroup analysis, we limited analyses to
patients with $2 GPP diagnoses (a stricter GPP
criterion) given at different occasions during the
study period and matched controls.



Fig 1. Kaplan-Meier survival estimates for the overall GPP
cohort and the 2 matched control populations represent-
ing the general population and patients with psoriasis. As
both the general population and PV controls were
matched against the GPP cohort (but not against each
other), direct comparisons between the control groups
cannot be made. GPP, Generalized pustular psoriasis; PV,
psoriasis vulgaris.
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In the final GPP cohort (n ¼ 1022), 44% had $2
GPP diagnoses and 54% had concomitant PV. The
GPP cohort had relativelymore deaths over the study
period and ;50% higher mortality rate compared
with both control populations (Table I and
Supplement 2, available via Mendeley at https://
data.mendeley.com/datasets/5tt3kgr9kt/1). Kaplan-
Meier survival curves for the GPP cohort (Fig 1 and
Supplement 3, available via Mendeley at https://
data.mendeley.com/datasets/5tt3kgr9kt/1) showed
a drop in survival immediately after diagnosis, which
may be due to GPP life-threatening complication,
triggered by factors such as infections, drugs, or
hypocalcemia.3 Thereafter, survival for GPP
decreased steadily over the study period and was
consistently lower than survival curves for the con-
trol groups. The mortality rate was higher in the GPP
cohort (33/1000 person-years) compared with both
GP and PV control populations (21 and 22/1000
person-years), with higher risks (HRs[ 1.5) across
all age groups. The highest relative risks (HRs[ 2)
were observed for the younger age groups.
However, the absolute death risk was low in these
groups (Table I).

The leading cause of death, grouped by
International Classification of Diseases chapters,
was diseases of the circulatory system. The GPP
cohort hadmore deaths from circulatory, respiratory,
and digestive diseases compared with GP controls
(P\.001) and from digestive system compared with
PV controls (P ¼ .011) (Supplement 4, available via
Mendeley at https://data.mendeley.com/datasets/
5tt3kgr9kt/1).
When limiting the analysis to patients with at least
2 codes for GPP (Supplement 5, available via
Mendeley at https://data.mendeley.com/datasets/
5tt3kgr9kt/1), we found a higher GPP mortality rate
(overall 39.2/1000 person-years) and higher HRs
(overall 2.13 compared with both control groups),
suggesting that the stricter criterion resulted in
selection of patients with more severe disease.

The GPP mortality was in the higher range
compared with small clinical studies (mortality rate
range, 0-33/1000 person-years)1 and a large
Japanese study (n ¼ 1516) on hospitalized patients
with GPP (4.2% died over a 10-year period).5

Limitations include potential GPP misclassification
due to lack of standard case definition. Strengths of
our study include the large national and representa-
tive GPP cohort, the longitudinal design, and the
comparison with 2 control populations.
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Table I. Reporting Odds Ratio (ROR) values for
TNFAIs and ILIs

Drug/adverse event Any indication FDR

Tuberculosis
Adalimumab (TNFAI) 2.84 (2.69, 3.01) \0.001
Certolizumab (TNFAI) 5.19 (4.71, 5.73) \0.001
Etanercept (TNFAI) 1.98 (1.84, 2.12) \0.001
Golimumab (TNFAI) 5.77 (5.24, 6.35) \0.001
Infliximab (TNFAI) 11.02 (10.48, 11.6) \0.001
Brodalumab (IL17I) 3.27 (1.23, 8.72) 0.02
Ixekizumab (IL17I) 2.27 (1.55, 3.31) \0.001
Secukinumab (IL17I) 2.16 (1.89, 2.45) \0.001
Ustekinumab (IL12/23I) 5.06 (4.5, 5.68) \0.001
Guselkumab (IL23I) 1.9 (0.99, 3.66) 0.061
Risankizumab (IL23I) 3.18 (1.59, 6.36) 0.0015
Tildrakizumab (IL23I) 4.27 (0.6, 30.37) 0.15
Mycophenolate
mofetil (MMF)

4.69 (4.3, 5.12) \0.001

Lymphoma
Adalimumab (TNFAI) 1.73 (1.66, 1.81) \0.001
Certolizumab (TNFAI) 1.35 (1.19, 1.53) \0.001
Etanercept (TNFAI) 1.64 (1.56, 1.72) \0.001
Golimumab (TNFAI) 1.25 (1.09, 1.43) 0.0015
Infliximab (TNFAI) 3.42 (3.24, 3.61) \0.001
Brodalumab (IL17I) 6.43 (3.99, 10.36) \0.001
Ixekizumab (IL17I) 1.49 (1.09, 2.05) 0.014
Secukinumab (IL17I) 0.81 (0.71, 0.94) 0.005
Ustekinumab (IL12/23I) 2.23 (1.99, 2.49) \0.001
Guselkumab (IL23I) 2.03 (1.32, 3.12) 0.0016
Risankizumab (IL23I) 2.18 (1.24, 3.84) 0.0085
Tildrakizumab (IL23I) 1.95 (0.27, 13.88) 0.51
Cyclosporine 3.29 (3.06, 3.55) \0.001

Suicidality
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Adalimumab (TNFAI) 0.24 (0.23, 0.25) \0.001
Certolizumab (TNFAI) 0.1 (0.08, 0.13) \0.001
Etanercept (TNFAI) 0.1 (0.09, 0.11) \0.001
Golimumab (TNFAI) 0.11 (0.09, 0.14) \0.001
Infliximab (TNFAI) 0.19 (0.18, 0.22) \0.001
Brodalumab (IL17I) 3.34 (2.42, 4.6) \0.001
Ixekizumab (IL17I) 0.18 (0.11, 0.28) \0.001
Secukinumab (IL17I) 0.25 (0.22, 0.28) \0.001
A case-control pharmacovigilance
study of TNF-alpha inhibitors and
interleukin inhibitors on
tuberculosis, Candida, lymphoma
and suicidality using the FAERS
database (2014-2020)
Ustekinumab (IL12/23I) 0.2 (0.16, 0.24) \0.001
Guselkumab (IL23I) 0.16 (0.07, 0.33) \0.001
Risankizumab (IL23I) 0.34 (0.17, 0.67) 0.0027
Tildrakizumab (IL23I) 0.91 (0.23, 3.64) 0.89
Hydromorphone 1.55 (1.47, 1.63) \0.001

Candida
Adalimumab (TNFAI) 0.97 (0.89, 1.06) 0.48
Certolizumab (TNFAI) 0.2 (0.12, 0.33) \0.001
Etanercept (TNFAI) 0.71 (0.63, 0.79) \0.001
Golimumab (TNFAI) 1.78 (1.5, 2.11) 0.0014
Infliximab (TNFAI) 0.97 (0.83, 1.12) \0.001
Brodalumab (IL17I) 5.11 (2.3, 11.4) \0.001
Ixekizumab (IL17I) 6.07 (4.79, 7.69) \0.001
Secukinumab (IL17I) 4.17 (3.78, 4.6) \0.001
Ustekinumab (IL12/23I) 1.73 (1.42, 2.11) \0.001
Guselkumab (IL23I) 0.66 (0.21, 2.05) 0.48

Continued
To the Editor: There are 4 classes of biologic therapy:
tumor necrosis factor-� inhibitors (TNFAIs), inter-
leukin inhibitors (ILIs), B-cell inhibitors and T-cell
inhibitors. TNFAIs have a higher reported risk of
tuberculosis and lymphoma compared to ILIs,
whereas interleukin-17 inhibitors (IL17Is) are impli-
cated in Candida infections.1 Furthermore, some
TNFAIs (adalimumab, certolizumab, golimumab
and infliximab) are suspected of posing a greater
tuberculosis risk than others (etanercept).2 Certain
drugs (eg, brodalumab) are associated with specific
adverse drug reactions (ADRs) such as suicidality.
Online ADR databases are useful for identification of
suspicious drug-reaction pairings (a practice known
as pharmacovigilance) for further analysis.3 This
study’s main objective is to report on safety signals
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