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Abstract
Purpose of Review  The purpose of this paper is to discuss the evaluation and management of the most encountered pustular 
dermatoses in the inpatient setting.
Recent Findings  Generalized pustular psoriasis (GPP), acute generalized exanthematous pustulosis (AGEP), and acneiform 
eruptions are three pustular dermatoses encountered in the inpatient setting. New insights into the pathophysiology of these 
diseases are guiding the investigation of novel treatments for pustular dermatoses. 
Summary  Although cases of pustular dermatoses are often benign and self-limited, careful evaluation and management are 
indicated as severe cases may pose legitimate health risks and require systemic therapy. Biologic agents are playing a larger 
role in the management of pustular dermatoses such as GPP.
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Introduction

A pustule is a fluid-filled raised lesion on the skin enclosing 
an accumulation of neutrophils. To be considered a pustule, 
the lesion must be colored white/yellow from inception. This 
differentiates the pustule from a vesicle which may become 
turbid over time as it is filled with leukocytes [1]. This dif-
ference is key during initial evaluation as there are separate 
differential diagnoses of these two primary lesions. This 
review article discusses the evaluation and management of 
pustular eruptions in the inpatient setting, with a particular 
focus on two of the most commonly encountered pustular 
dermatoses: generalized pustular psoriasis and acute gen-
eralized exanthematous pustulosis. In addition, acneiform 

drug eruptions are also discussed as this condition presents 
frequently in the inpatient setting with pustular lesions.

Ruling Out Infection

It is important to first rule out primary infection as a poten-
tial underlying cause for a pustular eruption. Some exam-
ples to consider that may present with pustules on the skin 
include infectious folliculitis, bullous impetigo, or cutaneous 
fungal infections such as from dermatophytes or candida. 
Rarely, conditions such as septic/infectious vasculitis (e.g., 
meningococcemia and gonococcemia) and herpes infections 
(e.g., herpes simplex or herpes zoster) may present with pus-
tules and need to be considered.

In 2014, the Infectious Diseases Society of America 
(IDSA) published practice guidelines for the evaluation 
and management of skin and soft tissue infections (SSI) 
[2]. Per the IDSA guidelines, culture and sensitivity of 
exudate or pus ought to be performed in moderate-severe 
cases of SSI [2]. These tests are helpful to investigate for 
various microorganisms (e.g., Staphylococcus aureus and 
group A streptococcus). Other studies can also be consid-
ered to rule out infections including skin biopsy, tissue 
culture, and viral testing.
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Generalized Pustular Psoriasis

Generalized pustular psoriasis (GPP) is a rare, heterogenous 
disease with characteristic abrupt flares of erythema and 
sterile, neutrophilic pustules generalized on the skin [3]. 
Prevalence ranges from 0.02 to 1.4 per 10,000 people with 
the highest rates reported in Germany and South Korea 
[3–7]. Onset of GPP is typically in the fifth or sixth dec-
ade of life [6, 8, 9]. GPP is rare in children, but when it  
occurs in this population, it may present more severely [3].  
Most commonly, patients may have periods of clear skin 
between flares, but persistent disease can occur [3, 10••, 11].

The clinical features of GPP include variable-sized, 
macroscopically visible pustules, typically on erythe-
matous skin [3]. Crusts and scales may also be present 
[3]. GPP typically does not affect acral surfaces and can 
occur with or without concurrent or previous history of 
plaque psoriasis [3]. The pustules may coalesce into larger 
lesions often referred to as “lakes of pus” which may last 
for multiple days or weeks [3]. Systemic symptoms such as 
fever, chills, arthralgia, and malaise may occur and these 
patients are often hospitalized as a consequence. If flares 
are unmanaged, patients may be at risk of complications 
such as multisystem organ failure, infections, systemic 
capillary leak syndrome, liver disease, acute renal failure, 
heart failure, arthritis, sepsis, and death [3, 12].

The etiology of GPP is incompletely understood [3]. 
The general consensus is that the disease is distinct from 
plaque psoriasis [3]. There is considerable evidence point-
ing to the involvement of IL-36 signaling in the patho-
genesis of GPP. Investigational studies have demonstrated 
loss-of-function mutations of the IL36 antagonist gene 
(IL36RN) and overexpression of IL-36 cytokines in skin 
lesions [13–17]. Additionally, mutations in the following 
genes are thought to be potentially associated with GPP: 
IL36N, CARD14, AP1S3, and SERPINA3 [3].

Triggers for GPP flares may include infection, pregnancy, 
hypocalcemia, and medication withdrawal. However, GPP may 
also erupt idiopathically [3]. The following medications have 
been associated with flares of GPP: systemic corticosteroids, 
biologics (TNFα inhibitors, ustekinumab, and secukinumab), 
lithium, amoxicillin, ceftriaxone, oxacillin, terbinafine, rituxi-
mab, codeine, pegylated interferon-alpha-2b, and cyclosporine 
[3, 18–25].

Making the Diagnosis

The diagnosis of GPP is a clinical diagnosis and may 
be made after taking a concordant medical history and 
observing characteristic findings on physical examination.  

However, laboratory evaluations and skin biopsy with  
histopathologic evaluation are helpful for establishing 
the diagnosis and may be useful in guiding therapy. Both 
the European Rare and Severe Psoriasis Expert Network 
(ERASPEN) and the Japanese Dermatologic Associa- 
tion have created diagnostic criteria that incorporate both 
clinical and histopathologic features; however, no current 
consensus exists in the USA. Per the Japanese Dermato-
logic Society, a diagnosis of GPP can be made if a patient 
exhibits four findings: (1) systemic symptoms, (2) systemic 
or extensive flush with multiple sterile pustules, (3) neu-
trophilic subcorneal pustules histopathologically, and (4) 
recurrence of the typical clinical and histologic findings. 
GPP could be suspected if the patient exhibits 2 or 3 of  
these findings [26].

Similarly, ERASPEN guidelines state that a diagno- 
sis of GPP requires the presentation of primary, sterile 
pustules on non-acral skin that can be appreciated mac- 
roscopically [10••]. ERASPEN also provides subclassifica- 
tion descriptors that include three factors: (1) the pres- 
ence of systemic inflammation, (2) the presence of plaque 
psoriasis, and (3) chronicity/temporality (i.e., relapsing  
vs persistent) [10••].

The differential diagnosis for GPP includes AGEP,  
subcorneal pustular dermatosis, IgA pemphigus, eryth-
rodermic or unstable plaque psoriasis, and infectious  
disease (e.g., bullous/non-bullous impetigo, abscesses,  
fungal infections).

Testing Overview

During flares, levels of systemic markers of inflammation  
such as erythrocyte sedimentation rate and C-reactive  
protein may be elevated [3]. Additional lab findings  
include anemia, thrombocytosis, hypoalbuminemia,  
electrolyte derangement, hypocalcemia, and leukocytosis  
with/without eosinophilia [3]. The histopathologic  
features of GPP include the migration of neutrophils into  
the epidermis with the formation of aggregates between 
degenerated keratinocytes (Kogoj’s spongiform pustules). 
Certain psoriasiform histologic changes may also be  
appreciated: parakeratosis, elongation of rete ridges, and  
a superficial perivascular mononuclear cell infiltrate [3].

Upon initial presentation, it may be difficult to distin-
guish between GPP and acute generalized exanthematous 
pustulosis. A recent study found that staining for plasma-
cytoid dendritic cells (IFN-α/β producer) and MxA (IFN-
α/β-inducible protein) could potentially assist in making  
the distinction as these findings significantly favor a diag-
nosis of pustular psoriasis [27].
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Management

Unfortunately, due to the paucity of clinical trials, there is 
no standardized management of GPP as of 2023 [3]. Large 
clinical trials are not considered feasible due to the rarity of 
the disease [3]. However, in countries such as Japan, Thai-
land, and Taiwan, several biologic agents (TNFα, IL17, and 
IL-23 inhibitors) have been approved for the treatment of 
GPP based on data from smaller clinical trials (Table 1) [12,  
28••, 29–32]. These agents are not approved for the management  
of GPP in the USA and Europe.

Management of GPP in the USA and Europe has largely 
consisted of agents such as methotrexate, cyclosporine, reti-
noids, and biologic agents [26, 30, 33•, 34]. The US Medical 
Board of the National Psoriasis Foundation published rec-
ommendations in 2012 and specifically recommended cyclo-
sporine, acitretin, methotrexate, or infliximab as first-line 
therapy [33•]. Although dosing recommendations for these 
agents have not been established, it can be helpful to note 
how these agents have been used previously in GPP cases. 
In a Chinese retrospective analysis of nine patients with GPP 
between 2016 and 2018, combination therapy with acitretin 
(0.5 mg/kg/day) and glycyrrhizin (Chinese herbal medicine) 
was administered for 2 weeks in what was considered the 
“acute” phase of management [35]. The acute phase was 
followed by tapering of acitretin (20–30 mg/day) [35]. Doses 
as high as 1.0 mg/kg/day for a duration of 4–8 weeks have 
also been reported [36]. An alternative retinoid, etretinate, 
has also been used at a starting dose of starting dose of 1 mg/
kg/day [37]. Cyclosporine has been successfully utilized at 
doses ranging from 1 to 2 mg/kg/day for 2 to 12 months [38].

Second-line treatments for GPP have generally included 
etanercept, adalimumab, psoralen plus ultraviolet-A (PUVA) 

phototherapy, and topical therapy (e.g., corticosteroids, tac-
rolimus) [33•]. Fortunately, targeted treatments for the treat-
ment of GPP are on the horizon. Spesolimab, a humanized 
anti-interleukin-36 (IL-36) receptor monoclonal antibody, 
may be a potentially valuable tool in the long-term manage- 
ment of GPP. Currently, spesolimab is the only drug with 
FDA approval for the treatment of GPP in the USA. The 
drug is administered intravenously over 90 min with a 900-
mg initial dose and the option for a supplemental 900-mg 
dose 1 week later. The IL-36 pathway is believed to be the 
key proinflammatory pathway involved in GPP [28••, 39]. In  
the Effisayil 1 study, use of spesolimab resulted in a higher 
incidence of pustule clearance than placebo [28••]. After 1 
week, 43% patients in the treatment group (received single 
900-mg dose) had a Generalized Pustular Psoriasis Physi-
cian Global Assessment (GPPGA) total score of 0 or 1 com-
pared with 11% in the placebo group. Regarding pustula- 
tion specifically, 54% of the patients in the treatment group 
demonstrated pustule clearance compared with 6% in the  
placebo group [28••]. However, spesolimab also resulted in an  
increased incidence of infection and systemic drug reactions. 
In the treatment group, 17% of the patients experienced an 
infection by week one compared to 6% of the placebo group 
[28••]. Two patients had a drug reaction with eosinophilia and  
systemic symptoms (DRESS) and one of these patients expe- 
rienced drug-induced hepatic injury [28••]. A follow-up trial,  
the Effisayil 2 study, is investigating maintenance therapy 
with intermittent injections of spesolimab in patients with a 
documented history of GPP [39]. The primary endpoint in 
this study is time to first GPP flare [39].

Additional biologics targeting the IL-1-/IL-36 inflam-
matory pathway have been used in the management of 
GPP. Specifically, anakinra (IL-1 receptor antagonist), 

Table 1   Biologic therapies approved for GPP. TNFαi tumor necrosis alpha inhibitor, IL-12/23i interleukin-12/23 inhibitor, IL-17i interleukin-17 
inhibitor, IL-17RAi interleukin-17 receptor A inhibitor, IL-23i interleukin-23 inhibitor, IL-36Ri interleukin-36 receptor inhibitor

Biologic name Dosing Countries approved Mechanism of action

Infliximab 5 mg/kg administered as a slow infusion over 2 h. Additional doses admin-
istered at weeks 2, 6, and every 8 weeks thereafter, as needed

Japan TNFαi

Adalimumab S.c. injection of 80 mg at week 0 followed by 40 mg every 2 weeks there-
after

Japan TNFαi

Ustekinumab S.c. injections of 45 mg at weeks 0 and 4 and every 12 weeks thereafter Japan IL-12/23i
Secukinumab S.c. injections of 300 mg on weeks 0, 1, 2, 3, and 4 and every 4 weeks 

thereafter (may be decreased to 150 mg)
Japan IL-17i

Ixekizumab S.c. injections of 160 mg at week 0, followed by 80 mg at weeks 2, 4, 6, 8, 
10 and 12, then 80 mg every 4 weeks thereafter

Japan IL-17i

Brodalumab S.c. injections of 210 mg at weeks 0, 1, 2 and then every 2 weeks thereaf-
ter

Japan, Taiwan, and Thailand IL-17RAi

Guselkumab S.c. injections of 100 mg at week 0, week 4, and every 8 weeks thereafter Japan IL-23i
Risankizumab S.c. injections of 150 mg at week 0 and week 4 and every 12 weeks there-

after
Japan IL-23i

Spesolimab S.c. injection of 900 mg at week 0 and an optional 900-mg injection 1 
week later

USA and European Union IL-36Ri
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canakinumab, and gevokizumab (both anti-IL-1β monoclo-
nal antibodies) demonstrated favorable results in case reports 
and case series [40–43].

One Japanese retrospective cohort analysis of 1516 
patients with GPP found better mortality outcomes with bio-
logic therapy when compared to oral agents (methotrexate 
etretinate, cyclosporine) or systemic corticosteroids [44]. In 
addition, it was noted that, among those treated with a bio-
logic agent, IL-17 inhibitors demonstrated equal in-hospital 
mortality and morbidity to TNF inhibitors [44]. In general, 
systemic corticosteroids have been used less frequently due 
to the concern for an increased risk of rebound flare with 
tapering. However, in a recent retrospective cohort study of 
1970 psoriasis patients receiving corticosteroids, only 1.42% 
experienced a flare [45].

In the pregnant population, data and general recommen-
dations are significantly limited. However, a few specific 
medications have been utilized and reported. Interestingly, 
cyclosporine 2.5–5 mg/kg per day has been used success-
fully despite being generally contraindicated in pregnant 
women [46]. Benefits of cyclosporine in this setting of GPP 
are considered to outweigh the potential risks of the medica-
tion [46]. Additional medications utilized include corticos-
teroids, TNFαi, and granulocyte and monocyte adsorption 
apheresis (GMA) [46]. GMA is considered a relatively safe 
option; however, data regarding use of GMA in pregnancy 
is severely limited [46].

Acute Generalized Exanthematous Pustulosis

Acute generalized exanthematous pustulosis (AGEP) is a 
cutaneous eruption, usually due to a medication, of small, 
sterile, non-follicular pustules overlying an erythematous 
base. AGEP is an uncommon condition with a reported 
incidence of 1–5 patients per million per year [47]. Cutane-
ous symptoms typically start in the main folds of the body 
(axillae, submammary folds, and inguinal folds) and spread 
to the trunk and limbs within hours to a few days [48]. 
Roughly one-fifth of patients with AGEP will experience 
mucosal involvement [48]. Although the clinical course is 
usually benign, evidence of systemic involvement is present 
in approximately 20% of cases [48]. AGEP with systemic 
involvement has mortality rates as high as 5% [48, 49]. After  
the underlying cause is addressed, symptoms usually resolve  
within a couple of weeks [48, 49]. As the pustules resolve, 
they leave behind collarettes of superficial desquamation. 
This eruption may also be localized to a single area of the 
body. When this occurs, the term “acute localized exanthe-
matous pustulosis” (ALEP) is more appropriate [48, 50].

Over 90% of cases of AGEP are associated with medica- 
tions such as aminopenicillins, sulphonamides, quinolones,  
pristinamycin, hydroxychloroquine, diltiazem, and terbin- 
afine [48–52, 53•]. It is estimated that the time from causative  

drug ingestion to reaction onset is less than 2 days [48, 53•]  
Other associated causes include infections such as E.coli, 
chlamydia, coxsackie, parvovirus, EBV, cytomegalovirus, 
mycoplasma, echinococcosis and coccidiomycosis [52, 
54–58]. Additionally, spider bites, psoralen combined with 
ultraviolet A light therapy, herbal medications, mercury, lac- 
quer, xenobiotics, and venoms have reportedly caused AGEP  
[59–63]. Iodinated contrast is also a reported trigger and of 
particular relevance when evaluating patients with AGEP in  
the inpatient setting [64].

AGEP is described as a sterile, T-cell mediated, neu-
trophilic inflammatory response involving drug-specific 
CD4 + T cells, cytotoxic CD8 + T cells, inflammatory 
cytokines, and chemokines [65–67]. T helper 17 cells and  
genetic variations in the interleukin-36 receptor antagonist  
gene (IL-36RN) have been implicated in the pathogenesis  
of AGEP [68, 69].

Diagnosis

The differential diagnosis of AGEP includes generalized 
pustular psoriasis, Sweet syndrome, subcorneal pustulosis 
(Sneddon-Wilkinson syndrome), drug rash with eosinophilia 
and systemic symptoms (DRESS), pustular vasculi-tis, 
immunobullous disease, cutaneous fungal infections, and  
bullous impetigo [70, 71]. It can be difficult to differenti-
ate between AGEP and GPP when they initially present. A 
diagnosis of GPP is favored when a patient presents with a 
history of psoriasis, lack of drug exposure, a longer duration 
of symptoms (i.e., pustules, fever), or histologic findings of 
acanthosis and papillomatosis [72].

The EuroSCAR study produced a scoring system with 
diagnostic criteria to assist clinicians in making the diagno- 
sis of AGEP [53•, 71]. The criteria include morphology of  
the cutaneous eruption, clinical course, and histopathologic  
findings (see Table 2).

As seen in Table 2, the principal laboratory finding consis- 
tent with AGEP is a neutrophilic-predominant leukocytosis on  
CBC (PMN > 7000/μL). Histologic findings include spongi-
form subcorneal pustules with/without intraepidermal pustules  
[73]. Necrosis of solitary keratinocytes, clear edema of the 
papillary dermis, and a superficial-to-mid-dermal infiltrate of  
neutrophils may be appreciated [73]. Additionally, eosinophils  
may be present in pustules or in the dermal layer [73].

In a retrospective review of 340 cases of AGEP, 7–9% of 
patients demonstrated evidence of hepatic involvement and/
or kidney insufficiency [74]. Hypocalcemia was also found 
in 65.7% of the patients [74].

Management

Many consider the priority in AGEP management to be the 
removal of the causative agent and medical treatment to be 
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unnecessary [75, 76]. However, agents such as topical and 
oral corticosteroids (e.g., prednisone) have been used suc-
cessfully in the management of AGEP. High-potency topical 
steroids (class I and class II) are typically applied for 5 to 10 
days during the acute phase to help alleviate symptoms [70, 
76]. Oral steroids have generally been reserved for severe 
disease with signs of systemic involvement. However, this 
is not supported by clinical trials and has not been shown 
to shorten disease, and cases of steroid-induced AGEP have 
been reported in the literature [48, 77–79]. Lastly, antihista-
mines have also been used for symptom management, typi-
cally in combination with oral or topical steroids [79].

Acneiform Drug Eruptions

Although acneiform drug eruptions may be caused by 
various drugs (Table 3), our review focuses on targeted 
chemotherapy induced acneiform eruptions due to their 
prevalence in inpatient settings. In fact, the prototypical 
cutaneous adverse reaction to an epidermal growth factor 
(EGFR) inhibitor or an MEK inhibitor is the acneiform erup-
tion [80–82]. These acneiform eruptions may cause pain, 
pruritus, and impairment of quality of life and may affect 
sensitive areas [83].

EGFR acneiform eruptions characteristically present as 
erythematous papules and pustules in areas with a high den-
sity of sebaceous glands. Unlike typical acne vulgaris, come-
dones are characteristically absent [84]. The upper trunk is 
frequently involved [85]. These eruptions typically peak 2–3 
weeks after the treatment onset and subsequently transition 
to a less severe chronic phase [86–88].

The pathophysiology of an acneiform drug eruption is 
incompletely understood. However, it is known that direct 

Table 2   Diagnostic score for acute generalized exanthematous pustulosis from EuroSCAR study score interpretation: 0 no; 1–4 possible; 5–7 
probable; 8–12 definitive

Variable Score

Morphology
  Pustules Typical morphology + 2

Compatible with disease + 1
Insufficient 0

  Erythema Typical morphology + 2
Compatible with disease + 1
Insufficient 0

  Distribution/pattern Typical morphology + 2
Compatible with disease + 1
Insufficient 0

Course
  Mucosal involvement Yes/no − 2/0
  Acute onset Yes/no 0/ − 2
  Resolution (< 15 days) Yes/no 0/ − 2
  Fever > 38.5 °C Yes/no + 1/0
  Polymorphonuclear cells > 7000/mm2 Yes/no + 1/0

Histology
  Other disease Present − 10
  Not representative Present 0
  Exocytosis of PMN cells Present + 1
  Subcorneal and/or intraepidermal non-spongiform or NOS pustule(s) with papillary edema 

or subcorneal and/or intraepidermal spongiform or NOS pustules without papillary 
oedema

Present + 2

  Spongiform subcorneal and/or intraepidermal pustules with papillary oedema Present + 3

Table 3   Drugs associated with acneiform eruptions

Drug name or class

MEK inhibitors
EGFR inhibitors
Halogens (bromides, iodides)
Antibiotics (isoniazid, rifampicin, and tetracyclines)
Lithium
Anticonvulsants (phenobarbital, phenytoin)
Hormones (corticotropin, androgens, oral contraceptives)
Topical and systemic corticosteroids
Immunosuppressants
Vitamins (B2, B6, B12)
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inhibition of EGFR by tyrosine kinase inhibitors or mono-
clonal antibodies downregulates levels of phosphorylated 
EGFR in basal and suprabasal keratinocytes and outer layer 
of hair follicles [89–93]. This results in diminished prolif-
eration of basal keratinocytes, growth arrest and apoptosis 
of keratinocytes, premature and accelerated differentiation, 
and decreased migration of differentiating keratinocytes due 
to enhanced cell attachment. EGFR inhibitors also cause 
a cytokine-mediated (e.g., IL1, TNF-alpha) inflammatory 
response [85, 89, 94, 95].

Histopathologic findings of a biopsy of an acneiform 
eruption typically include a superficial perifolliculitis, neu-
trophilic infiltrate adjacent to hyperkeratotic and/or ectatic 
follicular infundibula, and a neutrophilic, florid, suppurative 
folliculitis with separation of the epithelial lining [96, 97].

Acneiform drug eruptions are not often considered life-
threatening. However, undermanagement of lesions may lead  
to secondary infection and cutaneous sequelae such as post-
inflammatory hyperpigmentation, scarring, telangiectasias, and  
erythema [98, 99]. Superinfection should be considered if the 
following signs or symptoms are present: yellow discharge or 
crusting, lack of response to treatment, worsening of condition, 
pain upon palpation, or peripheral erythema.

Roughly 60% of patients with acneiform eruption from 
EGFR inhibitor use reported diminished quality of life with 
symptoms such as pain, burning, irritation, and pruritus. A 
retrospective study found that acneiform eruption severity 
positively correlated with median scores on the Skindex-16, 
a validated questionnaire that measures symptoms and per-
ceptions of toxicity [99, 100].

Diagnosis

Diagnosis of an acneiform drug eruption is clinical and straight- 
forward if the patient is demonstrating the typical morphology  
and distribution of the rash in the setting of drug treatment. Skin  
biopsies are typically unnecessary unless the patient does not  
respond to therapy. If superinfection is suspected, skin cultures  
of exudate should be obtained.

The National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (CTCAE) is the standard scale 
to grade the severity of cutaneous adverse reactions during 
cancer treatment [101]. Grade is determined by the extent of 
the lesions and by the presence or absence of systemic symp-
toms and infection. The grade of severity of acneiform rash 
can be subsequently used to guide management (Table 4).

Management

Preemptive Therapy (for Patients Starting EGFR Inhibitors)

Prophylactic oral antibiotics and topical corticosteroids for 
those patients starting EGFR inhibitors may be considered Ta
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[94]. On the same day as the initiation of EGFR therapy, pre-
scribe a 6-week course of doxycycline 100 mg BID or mino-
cycline 100 qd [94]. Alternatives include cephalosporins 
or trimethoprim-sulfamethoxazole (160 mg/800 mg twice 
daily) [94]. In addition, it is recommended to begin a low-
potency topical steroid (e.g., hydrocortisone 2.5%) applied 
to the face and chest twice daily [94].

Additional measures to prevent an EGFR-induced acnei-
form eruption include avoidance of hot water (e.g., baths, 
hand washing, showers), antibacterial or perfumed soaps and 
detergents, skin irritants, and UV exposure [94]. Application 
of thick, moisturizing cream twice daily and broad-spectrum 
sunscreen is recommended [94].

Therapeutic Management

For low-grade acneiform rash (grades 1, 2), the causative 
chemotherapeutic drug may be continued, but topical corti-
costeroids in combination with oral tetracycline antibiotics 
(e.g., doxycycline 100 mg BID) for 6 weeks or more are rec-
ommended [94]. For a grade 3 rash or above, oral antibiotics 
are combined with a steroid taper starting with 0.5–1-mg/kg 
body weight for 7 days which is recommend [94]. Also, for 
a grade 3 rash, the causative chemotherapeutic drug maybe 
paused and skin cultures may be obtained [94]. Moderate- to 
high-potency topical steroids are often warranted for acnei-
form rashes. Agents such as dapsone and oral retinoids 
have also been used [82, 94]. For patients failing standard 
therapies, skin cultures should be considered as antibiotic-
resistant bacteria can occur during treatment [103].

Other Sterile Eruptions

Several additional conditions are included in an extensive 
differential diagnosis for pustular dermatoses (Table 5).

Conclusions

Although several pustular dermatoses are benign and self-
limited, it is important to be aware of the full differential as 
certain conditions may pose a true health risk to patient and 
require systemic therapy. It is important to understand that 
not all pustular dermatoses are infectious in etiology and that 
conditions such as GPP, AGEP, and acneiform eruptions are 
managed with significantly different agents and strategies.

Funding  J.Q.J. has received research grant funding from the National 
Psoriasis Foundation and institutional funding from the University of 
California, San Francisco. T.B. has received research grant funding 
from Novartis and Regeneron. W.L. has received research grant fund-
ing from Abbvie, Amgen, Janssen, Leo, Novartis, Pfizer, Regeneron, 
and TRex Bio.

Data Availability  Data sharing is not applicable as no new data were 
created or analyzed in this study.

Compliance with Ethical Standards 

Conflict of Interest  Dr. Tina Bhutani is a principal investigator for  
trials sponsored by Abbvie, Castle, CorEvitas, Dermavant, Galderma, 
Mindera, and Pfizer. She has served as an advisor for Abbvie, Arcutis,  
Boehringer-Ingelheim, Bristol Myers Squibb, Janssen, Leo, Lilly, 
Novartis, Pfizer, Sun, and UCB. The remaining authors have nothing 
to disclose.

Human and Animal Rights and Informed Consent  This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  

Table 5   Additional pustular dermatoses

Generalized
  IgA pemphigus
  Sneddon-Wilkinson
  DRESS

Localized pustular dermatoses
  Pustulosis palmaris et plantaris
  Acrodermatitis continua of Hallopeau
  Acne vulgaris
  Rosacea
  Perioral dermatitis
  Folliculitis
  Eosinophilic folliculitis (HIV, non-HIV-associated)
  Erosive pustular dermatosis

Infantile and neonatal pustular eruptions
  Erythema toxicum neonatorum
  Transient Neonatal Pustular Melanosis
  Neonatal and infantile acne
  Acropustulosis of infancy
  Eosinophilic pustular dermatosis of infancy

http://creativecommons.org/licenses/by/4.0/


222	 Current Dermatology Reports (2023) 12:215–224

1 3

•  Of importance  
••  Of major importance

	 1.	 Mengesha YM, Bennett ML. Pustular skin disorders: diagnosis 
and treatment. Am J Clin Dermatol. 2002;3:389–400.

	 2.	 Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein 
EJC, Gorbach SL, et al. Practice guidelines for the diagno-
sis and management of skin and soft tissue infections: 2014 
update by the infectious diseases society of America. Clin 
Infect Dis. 2014;59:147–59.

	 3.	 Puig L, Choon SE, Gottlieb AB, Marrakchi S, Prinz JC, 
Romiti R, et al. Generalized pustular psoriasis: a global Del-
phi consensus on clinical course, diagnosis, treatment goals 
and disease management. J Eur Acad Dermatol Venereol. 
2023;37:737–52.

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

	 5.	 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.

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

	 7.	 Duarte GV, Esteves de Carvalho AV, Romiti R, Gaspar A, Gomes 
de Melo T, Soares CP, et al. Generalized pustular psoriasis in 
Brazil: a public claims database study. JAAD Int. 2022;6:61–7.

	 8.	 Jin H, Cho H-H, Kim W-J, Mun J-H, Song M, Kim H-S, et al. 
Clinical features and course of generalized pustular psoriasis in 
Korea. J Dermatol. 2015;42:674–8.

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

	10.••	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. 
The European Rare and Severe Psoriasis Expert Network 
(ERASPEN) created diagnostic criteria for generalized pus-
tular psoriasis.

	11.	 Kromer C, Loewe E, Schaarschmidt M-L, Pinter A, Gerdes S, 
Herr R, et al. Drug survival in the treatment of generalized pus-
tular psoriasis: a retrospective multicenter study. Dermatol Ther. 
2021;34:e14814.

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

	13.	 Marrakchi S, Guigue P, Renshaw BR, et al. Interleukin-36- 
receptor antagonist deficiency and generalized pustular psoriasis.  
N Engl J Med. 2011;365:620–8.

	14.	 Berki DM, Liu L, Choon S-E, et al. Activating CARD14 muta-
tions are associated with generalized pustular psoriasis but rarely 
account for familial recurrence in psoriasis vulgaris. J Invest 
Dermatol. 2015;135:2964–70.

	15.	 Setta-Kaffetzi N, Simpson MA, Navarini AA, et al. AP1S3 muta-
tions are associated with pustular psoriasis and impaired Toll-like  
receptor 3 trafficking. Am J Hum Genet. 2014;94:790–7.

	16.	 Frey S, Sticht H, Wilsmann-Theis D, et al. Rare loss-of-function  
mutation in SERPINA3 in generalized pustular psoriasis. J Invest  
Dermatol. 2020;140:1451-1455.e13.

	17.	 Vergnano M, Mockenhaupt M, Benzian-Olsson N, 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.

	18.	 Lowe NJ, Ridgway HB. Generalized pustular psoriasis precipi-
tated by lithium carbonate. Arch Dermatol. 1978;114:1788–9.

	19.	 Sugiura K, Shoda Y, Akiyama M. Generalized pustular psoriasis 
triggered by amoxicillin in monozygotic twins with compound 
heterozygous IL36RN mutations: comment on the article by 
Navarini et al. J Invest Dermatol. 2014;134:578–9.

	20.	 Duckworth L, Maheshwari MB, Thomson MA. A diagnos-
tic challenge: acute generalized exanthematous pustulosis 
or pustular psoriasis due to terbinafine. Clin Exp Dermatol. 
2012;37:24–7.

	21.	 Chadli Z, Ladhari C, Kerkeni E, Djobbi A, Fredj NB, Chaabane 
A, et al. Codeine-induced acute generalized exanthematous 
pustulosis without IL36RN mutations. Pharmacogenomics. 
2018;19:889–93.

	22.	 Zheng J, Gao Y, Yi X, Ding Y. A case of ceftriaxone-induced 
acute generalized exanthematous pustulosis/generalized pustular 
psoriasis overlap. Case Rep Dermatol. 2018;10:69–75.

	23.	 Gammoudi R, Ben Salem C, Boussofara L, Fathallah N, Ghariani  
N, Slim R, et al. Acute generalized exanthematous pustulosis 
induced by oxacillin confirmed by patch testing. Contact Der-
matitis. 2018;79:108–10.

	24.	 Jayasekera P, Parslew R, Al-Sharqi A. A case of tumour necrosis 
factor-α inhibitor- and rituximab-induced plantar pustular pso-
riasis that completely resolved with tocilizumab. Br J Dermatol. 
2014;171:1546–9.

	25.	 Wu M-C, Lee JY-Y. Generalized flare of pustular psoriasis 
induced by PEGylated interferon-α2b therapy for chronic hepa-
titis C. Australas J Dermatol. 2012;53:e69-72.

	26.	 Fujita H, Terui T, Hayama K, et al. Japanese guidelines for 
the management and treatment of generalized pustular psoria-
sis: the new pathogenesis and treatment of GPP. J Dermatol. 
2018;45:1235–70.

	27.	 Vyas NS, Charifa A, Desman GT, McNiff JM. Distinguishing 
pustular psoriasis and acute generalized exanthematous pustulo-
sis on the basis of plasmacytoid dendritic cells and MxA protein. 
J Cutan Pathol. 2019;46:317–26.

	28.••	Bachelez H, Choon S-E, Marrakchi S, et  al. Trial of spe-
solimab for generalized pustular psoriasis. N Engl J Med. 
2021;385:2431–40. In the Effisayil 1 study, the use ofspesoli-
mab resulted in a higher incidence of pustule clearance than 
placebo but also resulted in an increased incidence of infec-
tion and systemic drug reactions.

	29.	 Rivera-Díaz R, Daudén E, Carrascosa JM, de la Cueva P, Puig 
L. Generalized pustular psoriasis: a review on clinical charac-
teristics, diagnosis, and treatment. Dermatol Ther (Heidelb). 
2023;13:673–88.

	30.	 Krueger J, Puig L, Thaçi D. Treatment options and goals for 
patients with generalized pustular psoriasis. Am J Clin Derma-
tol. 2022;23:51–64.

	31.	 Sano S, Kubo H, Morishima H, Goto R, Zheng R, Nakagawa H. 
Guselkumab, a human interleukin-23 monoclonal antibody in Japa-
nese patients with generalized pustular psoriasis and erythrodermic 
psoriasis: Efficacy and safety analyses of a 52-week, phase 3, mul-
ticenter, open-label study. J Dermatol. 2018;45:529–39.

	32.	 Yamanaka K, Okubo Y, Yasuda I, Saito N, Messina I, Morita A. 
Efficacy and safety of risankizumab in Japanese patients with 
generalized pustular psoriasis or erythrodermic psoriasis: pri-
mary analysis and 180-week follow-up results from the phase 3, 
multicenter IMMspire study. J Dermatol. 2023;50:195–202.

	33.•	 Robinson A, Van Voorhees AS, Hsu S, Korman NJ, Lebwohl 
MG, Bebo BF, et al. Treatment of pustular psoriasis: from the 
Medical Board of the National Psoriasis Foundation. J Am Acad 
Dermatol. 2012;67:279–88. In 2012, the US Medical Board of 
the National Psoriasis Foundation provided recommenda-
tionsand specifically recommended cyclosporine, acitretin, 
methotrexate or infliximab as first-line therapy for GPP.



223Current Dermatology Reports (2023) 12:215–224	

1 3

	34.	 Genovese G, Moltrasio C, Cassano N, Maronese CA, Vena GA, 
Marzano AV. Pustular psoriasis: from pathophysiology to treat-
ment. Biomedicines. 2021;9:1746.

	35.	 Yu N, Li Y, Ding Y, Shi Y. Combination therapy with acitretin 
and glycyrrhizin in generalized pustular psoriasis with liver test 
abnormalities: a case series. Dermatol Ther. 2020;33:e13318.

	36.	 Chen P, Li C, Xue R, Chen H, Tian X, Zeng K, et al. Efficacy and 
safety of acitretin monotherapy in children with pustular psoria- 
sis: results from 15 cases and a literature review. J Dermatolog 
Treat. 2018;29:353–63.

	37.	 Wolska H, Jabłonska S, Langner A, Fraczykowska M. Etreti-
nate therapy in generalized pustular psoriasis (Zumbusch 
type). Immediate and long-term results. Dermatologica. 
1985;171:297–304.

	38.	 Kiliç SS, Hacimustafaoğlu M, Celebi S, Karadeniz A, Ildirim I. 
Low dose cyclosporin A treatment in generalized pustular pso-
riasis. Pediatr Dermatol. 2001;18:246–8.

	39.	 Morita A, Choon SE, Bachelez H, et al. Design of Effisayil™ 2: 
a randomized, double-blind, placebo-controlled study of spesoli-
mab in preventing flares in patients with generalized pustular 
psoriasis. Dermatol Ther (Heidelb). 2023;13:347–59.

	40.	 Mansouri B, Richards L, Menter A. Treatment of two patients 
with generalized pustular psoriasis with the interleukin-1β inhibi- 
tor gevokizumab. Br J Dermatol. 2015;173:239–41.

	41.	 Skendros P, Papagoras C, Lefaki I, Giatromanolaki A,  
Kotsianidis I, Speletas M, et al. Successful response in a case 
of severe pustular psoriasis after interleukin-1β inhibition. Br J 
Dermatol. 2017;176:212–5.

	42.	 Hüffmeier U, Wätzold M, Mohr J, Schön MP, Mössner R. Suc-
cessful therapy with anakinra in a patient with generalized 
pustular psoriasis carrying IL36RN mutations. Br J Dermatol. 
2014;170:202–4.

	43.	 Viguier M, Guigue P, Pagès C, Smahi A, Bachelez H. Suc-
cessful treatment of generalized pustular psoriasis with the 
interleukin-1-receptor antagonist Anakinra: lack of correlation 
with IL1RN mutations. Ann Intern Med. 2010;153:66–7.

	44.	 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. 2022;86:1266–74.

	45.	 Gregoire ARF, DeRuyter BK, Stratman EJ. Psoriasis flares fol-
lowing systemic glucocorticoid exposure in patients with a his-
tory of psoriasis. JAMA Dermatol. 2021;157:198–201.

	46.	 Seishima M, Fujii K, Mizutani Y. Generalized pustular psoriasis 
in pregnancy: current and future treatments. Am J Clin Dermatol.  
2022;23:661–71.

	47.	 Beaulieu V, Fournier S, Bernard J. A rare case of acute generalized  
exanthematous pustulosis (AGEP) in a 1-year-old child. J  
Am Acad Dermatol. 2019;81:AB160.

	48.	 Feldmeyer L, Heidemeyer K, Yawalkar N. Acute generalized 
exanthematous pustulosis: pathogenesis, genetic background, 
clinical variants and therapy. Int J Mol Sci. 2016. https://​doi.​
org/​10.​3390/​ijms1​70812​14.

	49.	 Fernando SL. Acute generalised exanthematous pustulosis. Aus-
tralas J Dermatol. 2012;53:87–92.

	50.	 Sidoroff A. Acute generalized exanthematous pustulosis. Chem 
Immunol Allergy. 2012;97:139–48.

	51.	 Roujeau JC, Bioulac-Sage P, Bourseau C, Guillaume JC, Bernard P, 
Lok C, et al. Acute generalized exanthematous pustulosis. Analysis 
of 63 cases. Arch Dermatol. 1991;127:1333–8.

	52.	 McBride MO, Davis MS, Casey MA, Lam TS. Acute general-
ized exanthematous pustulosis associated with coccidiomycosis 
infection. JAAD Case Rep. 2021;9:36–8.

	53.•	 Sidoroff A, Dunant A, Viboud C, Halevy S, Bavinck JNB, Naldi 
L, et al. Risk factors for acute generalized exanthematous pus-
tulosis (AGEP)—results of a multinational case–control study 

(EuroSCAR). Br J Dermatol. 2007;157:989–96. Discussion of 
the EuroSCAR which study produced a scoring system with 
diagnostic criteria to assist clinicians in making the diagnosis 
of AGEP.

	54.	 Cannistraci C, Parola ILLA, RiganO R, Bassetti F, Ortona E, 
Santucci B, et al. Acute generalized exanthematous pustulosis 
in cystic echinococcosis: immunological characterization. Br J 
Dermatol. 2003;148:1245–9.

	55.	 Manzano S, Guggisberg D, Hammann C, Laubscher B. Acute 
generalized exanthematous pustulosis: first case associated with a  
Chlamydia pneumoniae infection. Arch Pediatr. 2006;13:1230–2.

	56.	 Haro-Gabaldón V, Sánchez-Sánchez-Vizcaino J, Ruiz-Avila P,  
Gutiérrez-Fernández J, Linares J, Naranjo-Sintes R. Acute gener- 
alized exanthematous pustulosis with cytomegalovirus infection. Int 
J Dermatol. 1996;35:735–7.

	57.	 Calistru AM, Lisboa C, Cunha AP, Bettencourt H, Azevedo F. 
Acute generalized exanthematous pustulosis to amoxicillin asso-
ciated with parvovirus B19 reactivation. Cutan Ocul Toxicol. 
2012;31:258–61.

	58.	 Makris M, Spanoudaki N, Giannoula F, Chliva C, Antoniadou A, 
Kalogeromitros D. Acute generalized exanthematous pustulosis 
(AGEP) triggered by a spider bite. Allergol Int. 2009;58:301–3.

	59.	 Davidovici BB, Pavel D, Cagnano E, Rozenman D, Halevy S, 
EuroSCAR and RegiSCAR study group. Acute generalized 
exanthematous pustulosis following a spider bite: report of 3 
cases. J Am Acad Dermatol. 2006;55:525–9.

	60.	 Choi MJ, Kim HS, Park HJ, Park CJ, Lee JD, Lee JY, et al. 
Clinicopathologic manifestations of 36 Korean patients with 
acute generalized exanthematous pustulosis: a case series and 
review of the literature. Ann Dermatol. 2010;22:163–9.

	61.	 Belhadjali H, Mandhouj S, Moussa A, Njim L, Amri M, 
Zakhama A, et al. Mercury-induced acute generalized exan-
thematous pustulosis misdiagnosed as a drug-related case. 
Contact Dermatitis. 2008;59:52–4.

	62.	 Bonnetblanc JM, Combeau A, Dang PM. Hydroxychloroquine-
puvatherapy photoinduced acute generalized exanthematous 
pustulosis. Ann Dermatol Venereol. 1995;122:604–5.

	63.	 Raison-Peyron N. “Cutaneous adverse drug reactions” are not 
always drug-induced. Eur J Dermatol. 2013;23:439–42.

	64.	 Alniemi DT, Wetter DA, Bridges AG, El-Azhary RA, Davis 
MDP, Camilleri MJ, et al. Acute generalized exanthematous 
pustulosis: clinical characteristics, etiologic associations, treat- 
ments, and outcomes in a series of 28 patients at Mayo Clinic, 
1996–2013. Int J Dermatol. 2017;56:405–14.

	65.	 Britschgi M, Pichler WJ. Acute generalized exanthematous 
pustulosis, a clue to neutrophil-mediated inflammatory pro-
cesses orchestrated by T cells. Curr Opin Allergy Clin Immu-
nol. 2002;2:325–31.

	66.	 Britschgi M, Steiner UC, Schmid S, Depta JP, Senti G, Bircher 
A, et al. T-cell involvement in drug-induced acute generalized 
exanthematous pustulosis. J Clin Invest. 2001;107:1433–41.

	67.	 Schmid S, Kuechler PC, Britschgi M, Steiner UC, Yawalkar N, 
Limat A, et al. Acute generalized exanthematous pustulosis: 
role of cytotoxic T cells in pustule formation. Am J Pathol. 
2002;161:2079–86.

	68.	 Tokura Y, Mori T, Hino R. Psoriasis and other Th17-mediated 
skin diseases. J UOEH. 2010;32:317–28.

	69.	 Kabashima R, Sugita K, Sawada Y, Hino R, Nakamura M, 
Tokura Y. Increased circulating Th17 frequencies and serum 
IL-22 levels in patients with acute generalized exanthematous 
pustulosis. J Eur Acad Dermatol Venereol. 2011;25:485–8.

	70.	 Guevara-Gutierrez E, Uribe-Jimenez E, Diaz-Canchola M, 
Tlacuilo-Parra A. Acute generalized exanthematous pustulo-
sis: report of 12 cases and literature review. Int J Dermatol. 
2009;48:253–8.

https://doi.org/10.3390/ijms17081214
https://doi.org/10.3390/ijms17081214


224	 Current Dermatology Reports (2023) 12:215–224

1 3

	71.	 De A, Das S, Sarda A, Pal D, Biswas P. Acute generalised 
exanthematous pustulosis: an update. Indian J Dermatol. 
2018;63:22–9.

	72.	 Sidoroff A, Halevy S, Bavinck JN, Vaillant L, Roujeau JC. 
Acute generalized exanthematous pustulosis (AGEP)–a clinical  
reaction pattern. J Cutan Pathol. 2001;28:113–9.

	73.	 Halevy S, Kardaun SH, Davidovici B, Wechsler J, EuroSCAR 
and RegiSCAR study group. The spectrum of histopathological  
features in acute generalized exanthematous pustulosis: a study  
of 102 cases. Br J Dermatol. 2010;163:1245–52.

	74.	 Creadore A, Desai S, Alloo A, et al. Clinical characteristics, 
disease course, and outcomes of patients with acute general-
ized exanthematous pustulosis in the US. JAMA Dermatol. 
2022;158:176–83.

	75.	 Beylot C, Doutre MS, Beylot-Barry M. Acute general-
ized exanthematous pustulosis. Semin Cutan Med Surg. 
1996;15:244–9.

	76.	 Posso-De Los Rios CJ, Pope E. New insights into pustu-
lar dermatoses in pediatric patients. J Am Acad Dermatol. 
2014;70:767–73.

	77.	 Buettiker U, Keller M, Pichler WJ, Braathen LR, Yawalkar 
N. Oral prednisolone induced acute generalized exanthema-
tous pustulosis due to corticosteroids of group A confirmed 
by epicutaneous testing and lymphocyte transformation tests. 
Dermatology. 2006;213:40–3.

	78.	 Chang S-L, Huang Y-H, Yang C-H, Hu S, Hong H-S. Clinical 
manifestations and characteristics of patients with acute gener-
alized exanthematous pustulosis in Asia. Acta Derm Venereol. 
2008;88:363–5.

	79.	 Mustafa SS, Ostrov D, Yerly D. Severe cutaneous adverse drug 
reactions: presentation, risk factors, and management. Curr 
Allergy Asthma Rep. 2018;18:26.

	80.	 Anforth R, Liu M, Nguyen B, Uribe P, Kefford R, Clements A, 
et al. Acneiform eruptions: a common cutaneous toxicity of the 
MEK inhibitor trametinib. Australas J Dermatol. 2014;55:250–4.

	81.	 Infante JR, Fecher LA, Falchook GS, et al. Safety, pharmacoki-
netic, pharmacodynamic, and efficacy data for the oral MEK 
inhibitor trametinib: a phase 1 dose-escalation trial. Lancet 
Oncol. 2012;13:773–81.

	82.	 Zhao Y, Adjei AA. The clinical development of MEK inhibitors. 
Nat Rev Clin Oncol. 2014;11:385–400.

	83.	 Jatoi A, Nguyen PL. Do patients die from rashes from epidermal 
growth factor receptor inhibitors? A systematic review to help counsel  
patients about holding therapy. Oncologist. 2008;13:1201–4.

	84.	 Hu JC, Sadeghi P, Pinter-Brown LC, Yashar S, Chiu MW. Cuta-
neous side effects of epidermal growth factor receptor inhibitors: 
clinical presentation, pathogenesis, and management. J Am Acad 
Dermatol. 2007;56:317–26.

	85.	 Busam KJ, Capodieci P, Motzer R, Kiehn T, Phelan D, Halpern 
AC. Cutaneous side-effects in cancer patients treated with the 
antiepidermal growth factor receptor antibody C225. Br J Der-
matol. 2001;144:1169–76.

	86.	 Jacot W, Bessis D, Jorda E, Ychou M, Fabbro M, Pujol J-L, 
et al. Acneiform eruption induced by epidermal growth factor 
receptor inhibitors in patients with solid tumours. Br J Dermatol. 
2004;151:238–41.

	87.	 de Noronha e Menezes NMBV, Lima R, Moreira A, Varela P, 
Barroso A, Baptista A, et al. Description and management of 
cutaneous side effects during erlotinib and cetuximab treatment 
in lung and colorectal cancer patients: a prospective and descrip-
tive study of 19 patients. Eur J Dermatol. 2009;19:248–51.

	88.	 Potthoff K, Hofheinz R, Hassel JC, et al. Interdisciplinary man-
agement of EGFR-inhibitor-induced skin reactions: a German 
expert opinion. Ann Oncol. 2011;22:524–35.

	89.	 Han SS, Lee M, Park GH, Bang SH, Kang YK, Kim TW, et al. 
Investigation of papulopustular eruptions caused by cetuximab 
treatment shows altered differentiation markers and increases in 
inflammatory cytokines. Br J Dermatol. 2010;162:371–9.

	90.	 Albanell J, Rojo F, Averbuch S, et al. Pharmacodynamic stud-
ies of the epidermal growth factor receptor inhibitor ZD1839 in 
skin from cancer patients: histopathologic and molecular conse-
quences of receptor inhibition. J Clin Oncol. 2002;20:110–24.

	91.	 Baselga J, Rischin D, Ranson M, et al. Phase I safety, pharma-
cokinetic, and pharmacodynamic trial of ZD1839, a selective 
oral epidermal growth factor receptor tyrosine kinase inhibitor, 
in patients with five selected solid tumor types. J Clin Oncol. 
2002;20:4292–302.

	92.	 Rodeck U, Jost M, Kari C, Shih DT, Lavker RM, Ewert DL, et al. 
EGF-R dependent regulation of keratinocyte survival. J Cell Sci. 
1997;110(Pt 2):113–21.

	93.	 Lorch JH, Klessner J, Park JK, Getsios S, Wu YL, Stack MS, 
et al. Epidermal growth factor receptor inhibition promotes des-
mosome assembly and strengthens intercellular adhesion in squa-
mous cell carcinoma cells. J Biol Chem. 2004;279:37191–200.

	94.	 Lacouture ME, Sibaud V, Gerber PA, van den Hurk C, Fernández- 
Peñas P, Santini D, et  al. Prevention and management of  
dermatological toxicities related to anticancer agents: ESMO clinical  
practice guidelines☆. Ann Oncol. 2021;32:157–70.

	95.	 Guttman-Yassky E, Mita A, De Jonge M, Matthews L, McCarthy S,  
Iwata KK, et al. Characterisation of the cutaneous pathology in non-
small cell lung cancer (NSCLC) patients treated with the EGFR 
tyrosine kinase inhibitor erlotinib. Eur J Cancer. 2010;46:2010–9.

	96.	 Agero ALC, Dusza SW, Benvenuto-Andrade C, Busam KJ, 
Myskowski P, Halpern AC. Dermatologic side effects associ-
ated with the epidermal growth factor receptor inhibitors. J Am 
Acad Dermatol. 2006;55:657–70.

	97.	 Brodell LA, Hepper D, Lind A, Gru AA, Anadkat MJ. His-
topathology of acneiform eruptions in patients treated with 
epidermal growth factor receptor inhibitors. J Cutan Pathol. 
2013;40:865–70.

	98	 Burtness B, Anadkat M, Basti S, et al. NCCN Task Force Report: 
management of dermatologic and other toxicities associated with 
EGFR inhibition in patients with cancer. J Natl Compr Canc 
Netw. 2009;7(Suppl 1):S5–21; quiz S22–24.

	99.	 Segaert S, Van Cutsem E. Clinical signs, pathophysiology and 
management of skin toxicity during therapy with epidermal 
growth factor receptor inhibitors. Ann Oncol. 2005;16:1425–33.

	100.	 Atherton PJ, Burger KN, Loprinzi CL, Wittich MAN, Miller RC, 
Jatoi A, et al. Using the Skindex-16 and Common Terminology 
Criteria for Adverse Events to assess rash symptoms: results of a 
pooled-analysis (N0993). Support Care Cancer. 2012;20:1729–35.

	101.	 Chen AP, Setser A, Anadkat MJ, Cotliar J, Olsen EA, Garden 
BC, et al. Grading dermatologic adverse events of cancer treat-
ments: the Common Terminology Criteria for Adverse Events 
Version 4.0. J Am Acad Dermatol. 2012;67:1025–39.

	102.	 Common Terminology Criteria for Adverse Events (CTCAE) | Proto-
col development | CTEP. https://​ctep.​cancer.​gov/​proto​colDe​velop​ment/​ 
elect​ronic_​appli​catio​ns/​ctc.​htm. Accessed 7 Aug 2023.

	103.	 Hirotsu K, Dang TM, Li S, Neal JW, Pugliese S, Subramanian A,  
et al. Association of antibiotic resistance with antibiotic use for 
epidermal growth factor receptor inhibitor-related papulopustular  
eruption. JAMA Dermatol. 2019;155:848–50.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm

	Inpatient Evaluation and Management of Generalized Pustular Dermatoses
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Ruling Out Infection
	Generalized Pustular Psoriasis
	Making the Diagnosis
	Testing Overview
	Management

	Acute Generalized Exanthematous Pustulosis
	Diagnosis
	Management
	Acneiform Drug Eruptions
	Diagnosis
	Management
	Preemptive Therapy (for Patients Starting EGFR Inhibitors)
	Therapeutic Management

	Other Sterile Eruptions

	Conclusions
	References


