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IMPORTANCE Other than single-center case studies, little is known about generalized pustular
psoriasis (GPP) flares.

OBJECTIVE To assess GPP flares and their treatment, as well as differences between patients
with and patients without flares documented in US electronic health records (EHRs).

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included adult patients
with GPP (International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision code L40.1) identified in Optum deidentified EHR data between July 1, 2015,
and June 30, 2020. The index GPP diagnosis was the first occurrence in the EHR, with no
coded history of GPP for at least 6 months prior. Flare episodes were identified using an
algorithm based on diagnosis coding, care setting, type of clinician, GPP disease terms,
and flare terms and attributes in the EHR.

MAIN OUTCOMES AND MEASURES Flare episodes were characterized by the frequency of
occurrence per patient, the care setting in which they were identified, the type of specialist
managing the episode, associated symptoms, and the type of treatment before, during,
and after the episode. Patients were divided into groups based on whether or not they had a
flare episode documented in their EHR. Comparisons were made between the groups based
on demographic characteristics, comorbidity burden, health care use, and treatments.

RESULTS Of 1535 patients with GPP (1018 women [66.3%]; mean [SD] age, 53.4 [14.7] years),
271 had 513 flares documented. Compared with patients without flares, patients with flares
had a 34% higher mean (SD) Charlson Comorbidity Index score (2.80 [3.11] vs 2.09 [2.52]),
were almost 3 times more likely to have inpatient visits (119 of 271 [44%] vs 194 of 1264
[15%]), were more than twice as likely to have emergency department (ED) visits (126 of 271
[47%] vs 299 of 1264 [24%]), and had higher use of almost all treatment classes. Flares were
identified in outpatient (271 of 513 [53%]), inpatient (186 of 513 [36%]), and ED (48 of 513
[9%]) settings. The most common treatments during flares were topical corticosteroids
(35% of episodes [178 of 513]), opioids (21% [106 of 513]), other oral treatments,
(eg, methotrexate, cyclosporine, tacrolimus; 13% [67 of 513]), and oral corticosteroids
(11% [54 of 513]). Almost one-fourth of flare episodes (24% [122 of 513]) had no dermatologic
treatment 30 days before, during, or 30 days after a flare episode.

CONCLUSIONS AND RELEVANCE This cohort study suggests that there is significant unmet
need for the treatment of GPP and its flares, as evidenced by patients seeking treatment in
inpatient and ED settings, as well as the lack of advanced treatments.
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P ustular psoriasis is a rare variation of psoriasis, catego-
rized by generalized and localized forms and charac-
terized by noninfectious, neutrophil-containing pus-

tules on an erythematous background.1-5 Generalized pustular
psoriasis (GPP) is characterized by intermittent flares involv-
ing the sudden and widespread formation of sterile pustules
with associated erythema and pustules often coalescing to form
lakes of pus.6 Generalized pustular psoriasis flares often oc-
cur with systemic symptoms, such as fever, chills, malaise, an-
orexia, nausea, and severe pain. Moreover, pustules during
and after a GPP flare can last for months and lead to life-
threatening complications, often requiring emergency care.1-5

Estimates of mortality associated with GPP vary signifi-
cantly, with a recent review citing a range of 5% to 32% across
5 studies7; however, some studies were outdated or had un-
clear methods. Numerous studies have shown that patients
with GPP have substantially increased health care costs and a
higher comorbidity burden compared with patients with plaque
psoriasis as well as the general population.7-10

Generalized pustular psoriasis can present in patients
with a history of plaque psoriasis. However, the pathophysi-
ology and genetic factors that are associated with GPP are
distinct from those associated with plaque psoriasis.6,11 Most
cases of GPP with no history of plaque psoriasis are caused
by variants of the IL36RN gene (OMIM 605507), whereas
cases of GPP with a prior plaque psoriasis diagnosis are asso-
ciated with variants of the CARD14 (OMIM 607211) or AP1S3
(OMIM 615781) genes.11-13

To our knowledge, few existing studies address GPP flares.
The rarity of GPP, its relapsing nature, and unpredictability of
flare onset make it challenging to procure meaningful data.
Existing studies are limited because many have small sample
sizes,14,15 are single-center studies,15,16 include only hospital-
ized patients,16-18 are survey-based studies only,19,20 or are from
decades ago.21-23 The objectives of this study are to character-
ize GPP flares and their treatment and to describe differences
between patients with and patients without documented GPP
flares in US electronic health records (EHRs).

Methods
This is a retrospective observational cohort study conducted
from July 1, 2015, to June 20, 2020, including adult (aged
≥18 years) patients with GPP (International Statistical Classi-
fication of Diseases and Related Health Problems, Tenth Revi-
sion [ICD-10] code L40.1) identified in Optum deidentified
EHR data between January 1, 2016, and December 31, 2019.
This database of more than 89 million US patients includes
commercial, Medicare, and Medicaid payers and self-pay
and represents data from 150 000 clinicians, 2000 hospitals,
and 7000 clinics. The mean (SD) follow-up time for patients
is 4.3 (4.4) years (median follow-up time, 2.9 years [range,
0-14.8 years]). The index GPP diagnosis was the first GPP
occurrence between 2016 and 2019 with no other GPP diag-
nosis in the 6 months prior (back to July 1, 2015). Only
patients with at least 12 months of health care activity docu-
mented in the EHR after the index diagnosis (through June

30, 2020) and with EHR notes were included. Our institution
does not require institutional review board review or patient
consent for retrospective analyses using deidentified data.
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Natural language processing of EHR notes was con-
ducted to identify GPP flares. The method accounted for
documented signs, disease, and symptoms (terms such as
rash); descriptions of the signs, disease, and symptoms
terms (attributes such as “worsening” rash); and care set-
tings. To ensure that flares were GPP flares, literature
reviews were conducted and clinical expert input was
obtained to develop the method. The terms to identify GPP
flares represented key characteristics: (1) rash or erythema,
(2) pustule or lesion, (3) other GPP symptoms, and (4) flares.
Lists of clinically relevant synonyms of these terms were
identified for each of these key characteristics (eTable 1 in
the Supplement). Flares were identified by searching for rec-
ords of each health care visit beginning on or after the index
date of the GPP diagnosis with documented notes that met
at least 1 of any of the following criteria:

For visits with a primary diagnosis of GPP (ICD-10 code
L40.1):
1. An encounter with place of service = emergency depart-

ment, observation, inpatient, or urgent;
2. Any term in the “flare” category (eg, flare, eruption);
3. Any term in the “pustule or lesion” category plus any flare

attribute;
4. Any term in the “rash” category plus any flare attribute; and
5. Any term in the “other GPP symptoms” category plus any

flare attribute.
For dermatology-related visits (ie, type of clinician was a

dermatologist or primary reason for visit was any skin-
related diagnosis defined by ICD-10 L* or R2* code):
1. Any term in the “flare” category and any term in the “pus-

tule or lesion” category; and
2. Any term in the “pustule or lesion” category plus any flare

attribute.
Flare episodes were defined as consecutive days that flares

were documented in the EHR and were characterized by the
frequency of occurrence per patient, the setting of care where

Key Points
Question What are the differences in treatment between patients
with generalized pustular psoriasis (GPP) with flares and those
without flares?

Findings In this cohort study comprising 1535 patients with GPP,
with 271 of them having 513 documented flares, patients with
flares had a higher comorbidity burden, were almost 3 times more
likely to have inpatient visits, were more than twice as likely to
have emergency department visits, and had higher use of almost
all treatment classes. Despite this high level of severity, advanced
treatments for GPP were very rarely used during flare episodes.

Meaning This study suggests that there is a significant unmet
need in the current treatment of GPP and its flares.
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the flare was identified, the type of specialist identifying the
episode, associated symptoms, and the type of treatment be-
fore, during, and after the episode.

Results
Of 48.6 million patients with EHR notes available, 1535 with GPP
(1018 women [66.3%]; mean [SD] age, 53.4 [14.7] y) were iden-
tified; 271 of those patients had at least 1 flare episode docu-
mented in their EHR, accounting for 513 flare episodes during

the study period. Age and sex were similar among patients
with or without documented GPP flares (Table). Patients with
documented flares were more likely to be enrolled in Medi-
care and Medicaid and less likely to be enrolled in commercial
insurance. Patients with documented flares also had a higher
comorbidity burden than those without documented flares, as
evidenced by a 34% higher mean (SD) Charlson Comorbidity
Index score (2.80 [3.11] vs 2.09 [2.52]). Similarly, more pa-
tients with documented GPP flares had common comorbid
conditions, including autoimmune conditions, compared with
patients without documented flares.

Table. Baseline Characteristics of Patients With GPP

Characteristic

Patients, No. (%)
With GPP
(N = 1535)

With documented GPP
flares (n = 271)

Without documented
GPP flares (n = 1264)

Age, mean (SD), y 53.4 (14.7) 53.5 (15.2) 53.3 (14.5)

Age category, y

18-34 190 (12.4) 32 (11.8) 158 (12.5)

35-44 224 (14.6) 44 (16.2) 180 (14.2)

45-54 332 (21.6) 58 (21.4) 274 (21.7)

55-64 450 (29.3) 74 (27.3) 376 (29.7)

≥65 339 (22.1) 63 (23.2) 276 (21.8)

Sex

Male 517 (33.7) 90 (33.2) 427 (33.8)

Female 1018 (66.3) 181 (66.8) 837 (66.2)

Race and ethnicity

African American 118 (7.7) 25 (9.2) 95 (7.4)

Asian 25 (1.6) 9 (3.3) 16 (1.3)

Hispanic 85 (5.6) 14 (5.2) 71 (5.5)

White 1236 (80.5) 209 (77.1) 1027 (81.3)

Other or unknowna 71 (4.6) 14 (5.2) 57 (4.5)

Insurance type

Commercial 748 (48.7) 108 (39.9) 640 (50.6)

Medicaid 327 (21.3) 74 (27.3) 253 (20.0)

Medicare 328 (21.4) 67 (24.7) 261 (20.6)

Uninsured 28 (1.8) 4 (1.5) 24 (1.9)

Other or unknown 104 (6.8) 18 (6.6) 86 (6.8)

Charlson Comorbidity Index score, mean (SD) 2.22 (2.65) 2.80 (3.11) 2.09 (2.52)

Comorbid conditions

Anxiety 324 (21.1) 66 (24.4) 258 (20.4)

Asthma 176 (11.5) 30 (11.1) 146 (11.6)

Depression 308 (20.1) 58 (21.4) 250 (19.8)

Type 2 diabetes 304 (19.8) 63 (23.2) 241 (19.1)

Coronary artery disease 151 (9.8) 32 (11.8) 119 (9.4)

COPD 184 (12.0) 43 (15.9) 141 (11.2)

Hypercholesterolemia 119 (7.8) 17 (6.3) 102 (8.1)

Hypertension 679 (44.2) 131 (48.3) 548 (43.4)

Obesity 355 (23.1) 80 (29.5) 275 (21.8)

Other autoimmune disorders

Plaque psoriasis 199 (13.0) 46 (17.0) 153 (12.1)

Other psoriasis 969 (63.1) 211 (77.9) 758 (60.0)

Psoriatic arthritis 220 (14.3) 52 (19.2) 168 (13.3)

Rheumatoid arthritis 103 (6.7) 24 (8.9) 79 (6.3)

Ulcerative colitis 18 (1.2) 6 (2.2) 12 (0.9)

Crohn disease 34 (2.2) 11 (4.1) 23 (1.8)

Abbreviations: COPD, chronic
obstructive pulmonary disease;
GPP, generalized pustular psoriasis.
a Other or unknown race and

ethnicity was taken from the Optum
database with no further detail
available.
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Of the 271 patients with documented GPP flares, 182 (63%)
had only 1 flare documented in the follow-up period. Figure 1
shows the distribution of the number of flares documented
among the patients who sought care for the flares. The mean
number of flare episodes per patient per year was 0.88, and
the mean follow-up time was 724.8 days (median follow-up
time, 698 days).

For the 513 documented GPP flares among the 271 pa-
tients, 271 (53%) were identified in outpatient settings, 186
(36%) in inpatient settings, 48 (9%) in emergency depart-
ment settings (ED), and 8 (2%) in other settings. For the 271
flare episodes identified in outpatient settings, 198 (73%) were
documented by dermatologists, 28 (10%) by rheumatolo-
gists, and 24 (9%) by primary care professionals. Most flare epi-
sodes were documented within the same month as the index
GPP diagnosis (182 of 271 patients with flares or first flare epi-
sode [67%]), with 87% of those flares (158 of 182 patients with
flares or first flare episode in same month as index GPP diag-
nosis) documented within the same month, representing
58% of all flares (158 of 271 patients with flares or first flare
episode). Fourteen percent of flares (38 of 271) occurred in
months 1 to 6 after the index GPP diagnosis, 6% (16 of 271) in
months 7 to 12, 5% (13 of 271) in months 13 to 18, 4% (12 of 271)
in months 19 to 24, 3% (8 of 271) in 2 to 3 years, and 1% (2 of
271) in more than 3 years. The most common signs or symp-

toms documented during flare episodes were pain (61% of flare
episodes [312 of 513]) followed by rash (46% [236 of 513]) and
fever (45% [229 of 513]) (Figure 2).

The most common dermatologic treatment during a flare
episode was topical corticosteroids (35% of flare episodes
[178 of 513]) followed by other oral dermatologic treatments
(eg, methotrexate, cyclosporine, tacrolimus; 13% [67 of 513]),
and oral corticosteroids (11% [54 of 513]) (Figure 3). Opioids
were prescribed during 21% of flare episodes (106 of 513). Al-
most one-fourth of all flare episodes (24% [122 of 513]) had no
dermatologic treatment initiated 30 days before, during, or 30
days after a flare episode. Specific medications under each
treatment class can be found in eTable 2 in the Supplement.

With regard to overall treatments, patients with docu-
mented flares had greater use of drug treatments across al-
most all classes compared with patients without docu-
mented flares, including topical corticosteroids (194 of 271
[72%] vs 606 of 1264 [48%]), oral corticosteroids (105 of 271
[39%] vs 344 of 1264 [27%]), other oral dermatologic medica-
tions (82 of 271 [30%] vs 186 of 1264 [15%]), tumor necrosis
factor inhibitors (41 of 271 [15%] vs 97 of 1264 [8%]), other topi-
cal medications (39 of 271 [14%] vs 91 of 1264 [8%]), and in-
terleukin 17 (IL-17), IL-12/23, or IL-23 inhibitors (39 of 271 [14%]
vs 72 of 1264 [6%]) (Figure 4). In addition, more than half of
patients with documented flares (137 of 271 [51%]) were pre-

Figure 1. Number of Documented Generalized Pustular Psoriasis (GPP) Flares
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Figure 2. Most Commonly Documented Signs, Diseases, and Symptom Terms During a Generalized Pustular Psoriasis Flare
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scribed opioids during the study period compared with 390
of 1264 patients (31%) without documented flares.

Use of biologics and other advanced treatments (eg, phos-
phodiesterase 4 and Janus-kinase inhibitors) was low. Many
patients with GPP also have comorbid autoimmune condi-
tions (ie, plaque psoriasis, other psoriasis, psoriatic arthritis,
rheumatoid arthritis, Crohn disease, ulcerative colitis, and uve-
itis) that are also indicated for use of biologics. Among those
with biologics use, 99% of patients with documented flares (67
of 68) and 94% of patients without documented flares (144 of
153) also had a comorbid autoimmune condition. When ex-
cluding the category of other psoriasis, these percentages de-
creased to 75% (51 of 68) and 73% (112 of 153), respectively.

Although little to no differences were observed between
the groups in outpatient visits (93% vs 98%), patients with
documented flares were almost 3 times more likely to have any
inpatient visits (119 of 271 [44%] vs 194 of 1264 [15%]) and twice
as likely to have any emergency department visits (126 of 271
[47%] vs 299 of 1264 [24%]) than patients without docu-

mented flares. Moreover, the mean (SD) number of inpatient
stays for patients with documented flares was 2.63 (2.40),
which was 32% higher than those without documented flares,
with a mean (SD) number of inpatient stays of 1.99 (1.82).

Discussion
Patients with GPP who had documented flares in this study
have a greater disease burden than those who did not have
flares. They have more comorbid conditions, as evidenced by
not only higher percentages of common conditions but also
higher scores on the Charlson Comorbidity Index. They also
had higher all-cause inpatient and emergency department use.
This study provides greater evidence of the potential severity
of flares, given that 36% of all flares were identified in inpa-
tient settings and 9% were identified in emergency depart-
ment settings. In addition, pain was the most common symp-
tom documented during flare episodes; thus, many patients

Figure 3. Treatments Initiated Before, During, or After Generalized Pustular Psoriasis Flare Episodes

40

30

20

10

0

Fl
ar

e 
ep

is
od

es
, %

Topical
corticosteroid

Other topical
treatment

Oral
corticosteroid

Oral
retinoid

Other oral
treatmenta

Phototherapy TNF inhibitor Interleukin
inhibitorb

PDE-4
inhibitor

Opioids

Up to 30 d prior to episode During episode Up to 30 d after episode

PDE-4 indicates phosphodiesterase 4; and TNF, tumor necrosis factor.
a Includes methotrexate, cyclosporine, and tacrolimus.
b Includes interleukin 17, interleukin 12/23, and interleukin 23 inhibitors.

Figure 4. Comparison of Treatments Between Patients With Generalized Pustular Psoriasis Who Did Have Documented Flare Episodes
and Those Who Did Not
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were treated with opioids. However, despite the severity of the
flare episodes, topical corticosteroids were the most com-
mon treatment during flares, and use of biologics or similar ad-
vanced treatments was low. Moreover, 24% of patients re-
ceived no additional treatment prior to, during, or immediately
after the medical care they sought for their flare.

To our knowledge, few studies have documented flares in
patients with GPP and their treatment, and none have com-
pared differences between patients with documented flares
and patients without flares. Anecdotal accounts of GPP flares
and patient surveys suggest that flares are quite severe, often
requiring acute care.16,20 Although several previous large
population-based administrative data analyses have docu-
mented the clinical and economic burden of GPP, these stud-
ies were unable to identify GPP flares.8,24 Current evidence of
flares comes from case reports or single-center studies. To ob-
tain a significant number of patients, some studies have in-
cluded patients identified as having GPP for 2 decades or
more,16,18,20 which undermines the ability to examine cur-
rent practice. Given the effect of flares on the lives of patients
with GPP, it is important to gain knowledge of GPP, its flares,
and current treatments beyond anecdotal accounts, case re-
ports, or studies with small sample sizes.

Therefore, this study provides insights into GPP, its flares,
and the patients who have flares documented in their EHR,
given the number of patients included in the study and the abil-
ity to identify flares in the EHRs. With the large study popu-
lation, this study focused on current treatments within the past
several years. The algorithm to identify flares is an important
contribution to the ability to identify GPP flares consistently
in administrative data in a manner that can be replicated across
studies. Moreover, the findings are consistent with previous
smaller studies and care reports as well as anecdotal ac-
counts and results from physician and patient surveys. The
findings of greater acute care and emergency department bur-
den are also consistent with other studies of patients with GPP
compared with the general population as well as those with
plaque psoriasis.8,24

Limitations
Like other studies using clinical data, this study had several
limitations. The algorithm to identify GPP flares needs to be
validated in future research. To ensure that only GPP flares were
included in the study, the algorithm was intentionally conser-
vative; key disease characteristics and flare terminology were
necessary for the classification of flares. The method also cap-
tured only flares documented in the EHRs. Given the number
of patients with no treatment initiated during or immediately
after a flare, patients likely do not seek medical care for flares,
knowing that no treatment changes are possible. In addition,
most EHR data sources in the US, including Optum EHR data,
are derived primarily from integrated-delivery health sys-
tems. If patients receive care outside of the health system, it
is possible that this care is not captured in the database. Given
this conservative approach, it is likely that the study under-
estimates the number of flares experienced by patients with
GPP and that the flares identified are likely to be of higher se-
verity than those not documented. Validation of the flare iden-

tification algorithm is warranted to ensure misclassification
does not present bias in the results.

Another limitation was that the study population in-
cluded only patients with a GPP diagnosis during the study pe-
riod. Owing to the rarity and unawareness of GPP, additional pa-
tients with true GPP remain undiagnosed or are miscoded with
other forms of psoriasis. This finding is further supported by
the high percentage of patients with GPP who also have visits
coded with “other psoriasis.” Therefore, it is likely that some pa-
tients with GPP have never had visits coded with GPP specifi-
cally and would not have been included in this study.

Requiring 12 months of follow-up as an inclusion crite-
rion is standard for these types of studies to ensure that pa-
tients included in the study have sufficient time in the data for
follow-up care and treatment. However, excluding patients who
are lost to follow-up, as defined by having at least 12 months
of follow-up, also excludes patients who have died prior to 12
months after the index GPP diagnosis. In addition, treat-
ments were based on prescriptions written or administered in
the office or facility. Written prescriptions may not indicate
whether the prescription was filled or actually taken by the pa-
tients. Moreover, changes in prescriptions that did not result
in a new prescription being written or administered would not
be captured. This is especially important when interpreting
treatments before, during, and after flare episodes. The eFig-
ure in the Supplement breaks down Figure 3 for flare epi-
sodes with or without treatment during a flare episode. Across
almost all treatment categories, the percentage of flare epi-
sodes with treatment before an episode was higher for those
without treatment during the episode than those with treat-
ment during the episode. It is possible that dosing of existing
treatments was increased without the need to write an addi-
tional prescription during the episode. This limitation of not
being able to capture dosing escalations and the simplifica-
tion of treatments that do not include combination therapy also
contributes to the potential to underestimate flare episodes.
Further research and refinement of the flare identification al-
gorithm should examine treatment escalation as a potential in-
dicator of flare episodes. In addition, the duration of flare epi-
sodes could not be assessed with this study method because
episode duration is not commonly documented in the EHR.
Similarly, the 30-day period after the last day of flare docu-
mentation in the EHR is likely not after the actual flare epi-
sode because flares can last for months. Moreover, subse-
quent flare episodes were not examined in association with
the first flare episode in the data. Although this study offers
new information regarding treatments for patients with GPP
who do or do not have flares documented in their EHR and by
flare episodes, additional research is needed to build on this
initial examination of treatments, including the use of com-
bination treatments. Despite these limitations, this study of-
fers important insights into GPP flares.

Conclusions
To our knowledge, little is known about GPP flares and the
differences between patients with GPP who seek care for
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flares and those who do not. This cohort study examined
GPP flares among a large population of patients with GPP.
Generalized pustular psoriasis flares can be severe, often
requiring emergency department care or acute care. Despite

this high level of severity, advanced treatments are very
rarely used during flare episodes, leaving a significant unmet
treatment need for patients with GPP and for health care
professionals.
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