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Objective: Acute Generalized Exanthematous Pustulosis (AGEP) is a rare but potentially life-threatening cutaneous adverse drug
reaction. Due to its poor clinical outcomes and unclear pathogenesis, this study aimed to systematically evaluate the drug-related risk
factors for AGEP using data from the FDA Adverse Event Reporting System (FAERS).

Methods: This real-world, retrospective pharmacovigilance study analyzed all AGEP-related reports submitted to the FAERS
database between Q1 2004 and Q4 2024. Disproportionality analysis was performed using reporting odds ratios (RORs), with
Bonferroni-adjusted p-values to identify high-risk drugs. Drugs identified by univariate analysis were further evaluated through
LASSO regression and multivariable logistic regression to determine risk factors associated with AGEP.

Results: A total of 6,880 AGEP cases were identified, with a predominance of female patients (54.5%) and a median age of 59 years.
Disproportionality analysis revealed 148 drugs with a significant signal for AGEP, mainly including antibiotics, nonsteroidal anti-
inflammatory drugs (NSAIDs), and antivirals. LASSO and multivariate logistic regression identified 17 drugs as risk factors for AGEP,
including ceftriaxone (OR = 49.87), pantoprazole (OR = 31.39), and hydroxychloroquine (OR = 28.38). The model showed moderate
predictive accuracy with an AUC of 0.69.

Conclusion: This study identified multiple drug classes significantly associated with AGEP using FAERS-based adverse event data.
The findings highlight a higher susceptibility in middle-aged and younger populations and underscore the importance of enhanced
monitoring for high-risk medications. Given the inherent limitations of spontaneous reporting systems, further prospective studies are
needed to confirm these associations and explore underlying mechanisms.
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Introduction
Acute Generalized Exanthematous Pustulosis (AGEP) is a rare but severe dermatologic condition, typically characterized
by the sudden onset of widespread sterile pustules on an erythematous and edematous base. Most AGEP cases are drug-
induced hypersensitivity reactions, although infections and other immune-related causes have also been reported.’
Clinically, AGEP presents with rapidly developing pustular eruptions, often within 2448 hours, accompanied by
fever, pruritus, and systemic discomfort. In severe cases, disease progression may lead to skin desquamation, multi-
organ involvement, and serious complications, with mortality reported in a minority of patients.*>

The risk factors for drug-induced AGEP are multifactorial, including drug class, dosage, duration of exposure, prior
sensitization, and individual immunologic susceptibility. Antibiotics and nonsteroidal anti-inflammatory drugs (NSAIDs)

are among the most frequently implicated agents, yet the underlying mechanisms remain incompletely understood.*
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A systematic investigation into pharmacologic triggers and clinical risk factors is therefore warranted to support
improved recognition and management.

The FDA Adverse Event Reporting System (FAERS) provides a large-scale pharmacovigilance platform with detailed
reports on drug exposure, dosing, concomitant therapies, and clinical outcomes. Leveraging this resource allows the
identification of safety signals and the evaluation of drug-specific risks associated with rare but serious adverse events
such as AGEP.’

Accordingly, this study analyzed FAERS data from 2004 to 2024 to characterize drug-related risk factors for AGEP.
We focused on implicated drug categories, patterns of use, and potential interactions associated with disease onset. The
findings are expected to provide useful evidence for drug safety monitoring and to facilitate early identification of
patients at risk.

Materials and Methods

Data Source and Collection

This real-world, retrospective pharmacovigilance study was conducted using data from the FAERS, covering the period
from the first quarter of 2004 to the fourth quarter of 2024. Adverse drug reactions (ADRs) related to AGEP were
identified using the Medical Dictionary for Regulatory Activities (MedDRA) terminology, specifically by selecting the
preferred term “Acute Generalized Exanthematous Pustulosis.”

The data were retrieved from the FAERS Public Dashboard, a web-based interface that allows users to access adverse
event reports submitted by pharmaceutical companies, healthcare professionals, and consumers. Each report contains
multiple variables, including the suspected drug’s active ingredient, indication for use, severity of the adverse reaction,
date of event onset, patient demographics (eg, age, sex, weight), type and source of the reporter, concomitant medica-
tions, geographic location, and any associated literature references. In each report, drugs are assigned different roles in
relation to the adverse event (eg, primary suspect, secondary suspect, concomitant, or interacting drug). For this analysis,
only cases where the drug was designated as the “primary suspect” for AGEP were included.

Disproportionality analysis was performed using the Reporting Odds Ratio (ROR) and its corresponding 95%
confidence interval (CI) to evaluate the strength of association between suspected drugs and AGEP (Tables 1 and 2).
Drugs known to be used for the treatment of AGEP were excluded. A potential safety signal was considered present if the
lower bound of the 95% CI for the ROR exceeded 1 and the upper bound was greater than 3.°

P-adjust refers to the p-value after Fisher’s exact test and Bonferroni correction. A volcano plot was generated, with -
log(p-adjust) on the x-axis and logROR on the y-axis.

Table | Four Fold Table for Measures of disproportionality®

Target AEs | Non-Target AEs Total

Target Drug a b a+b
Non-target Drug c d c+d
Total at+c b+d a+b+c+d

Table 2 Formulas and Threshold Values of ROR®

Method Formula Threshold

ROR ROR = (a/c) / (b/d) = ad/bc a23and95% Cl > |
SE(INRROR) = sqrt((1/a) + (1/b) + (l/c) + (1/d))
95% CI = e("ROR) 4+ | 96 x SE(INRORY))
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Regression Analysis

Patient-level data including sex, age, and body weight were extracted from FAERS reports. Only reports with complete
information were included in the analysis. Records with implausible values—defined as age over 120 years or body
weight exceeding 400 kg—were excluded.

Univariate analysis was conducted for all suspected drugs. A drug was considered significant if it met the following
criteria: a lower bound of the 95% confidence interval (CI) for the reporting odds ratio (ROR) greater than 1, ROR > 100,
and an adjusted p-value (p-adjust) < 0.01. Drugs meeting these thresholds were then included in a Least Absolute
Shrinkage and Selection Operator (LASSO) regression model for feature selection. Variables selected by the LASSO
model, along with relevant patient characteristics, were subsequently included in a multivariate logistic regression to
identify potential risk factors associated with drug-induced AGEP.

Results

Baseline Characteristics of TEN

Baseline characteristics of drug-associated AGEP cases are summarized in Table 3 and Figure 1. Between the first quarter of
2004 and the fourth quarter of 2024, a total of 18,214,476 adverse events (AEs) were reported in the FAERS database, among
which 6,880 cases were identified as AGEP. Of these, 3,750 cases (54.5%) involved female patients, 2,471 cases (35.9%)
involved male patients, and 659 reports (9.6%) lacked gender information. The median age of AGEP patients was 59 years, and
the median body weight was 83 kg. Notably, 39.2% (n = 2,699) of reports were submitted by healthcare professionals. France, the
United States, and Spain contributed the highest number of AGEP case reports, with 1,977, 1,222, and 326 cases, respectively.

Drugs Associated with AGEP

A volcano plot was generated to visualize the association between suspected drugs and AGEP (Figure 2). In this plot, the
x-axis represents the logarithmic values of the reporting odds ratio (logROR), where a positive x—value indicates that

Table 3 Patient Demographics

(N=6880)

Gender,n (%)

Age (years)
Median [Min, Max]
Missing
Occupation, n (%)

Reported countries, n (%)
ITALY

OTHER COUNTRY

Female 3750 (54.5%)
Male 2471 (35.9%)
Missing 659 (9.6%)
Weight

Median [Min, Max] 83.0 [10.0, 207]
Missing 5678 (82.5%)

59.0 [0.300, 100]
971 (14.1%)

Consumer 443 (6.4%)
Lawyer 37 (0.5%)
Physician 330 (4.8%)
Other health-professional 1919 (27.9%)
Medical doctor 2699 (39.2%)
Missing 384 (5.6%)

207 (3.0%)

us 1222 (17.7%)
FRANCE 1977 (28.7%)
JAPAN 210 (3.1%)
SPAIN 326 (4.7%)

2938 (42.8%)
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Figure | Overview of reports related to drug-induced AGEPYEAR: Number of AGEP reports submitted each year AGE: Distribution of AGEP reports by patient age group.
OUTCOME: Clinical outcomes reported in AGEP-related adverse events, Case outcomes were categorized as death (DE), life-threatening (LT), hospitalization (HO),
disability (DS), congenital anomaly (CA), required intervention to prevent permanent impairment/damage (Rl), and other outcomes (OT).
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Figure 2 Volcano Plot of Drugs Associated with AGEP; ROR, reporting odds ratio; P-adjust, p-value after Bonferroni correction.
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Figure 3 Results of LASSO Regression Analysis,The plot shows the coefficient profiles of 17 drug variables across log(A) values and the ten-fold cross-validation curve for A
selection using AUC as the metric, with dotted lines indicating the optimal A values.

adverse events associated with a given drug are reported more frequently in AGEP cases than in other adverse events.
The y-axis represents the negative logarithm of the Bonferroni-adjusted p-value obtained from Fisher’s exact test, with
higher values indicating stronger statistical significance. The color of each point reflects the logarithm of the number of
case reports, with redder shades indicating a larger number of reports. Therefore, drugs located in the upper right
quadrant of the plot are considered to have both strong association signals and high reporting frequency.

A total of 148 drugs were found to be significantly associated with AGEP (see Supplementary Table S1). The top 10
drug classes included: antibiotics (44/148), nonsteroidal anti-inflammatory drugs (NSAIDs; 10/148), antifungals (6/148),
antineoplastic agents (6/148), antiepileptics (5/148), calcium channel blockers (5/148), antituberculosis agents (4/148),
contrast agents (4/148), glucocorticoids (4/148), and proton pump inhibitors (4/148).

Risk Factors for Drug-Associated AGEP

We performed univariate analysis on suspected drugs that met the following criteria: more than 100 reported AGEP cases,
ROR > 1, and both the lower bound of the 95% confidence interval and the Bonferroni-adjusted p-value < 0.01. Drugs that
met these thresholds were subsequently included in the Least Absolute Shrinkage and Selection Operator (LASSO)
regression model. Seventeen drugs were identified by LASSO (Figure 3) and further analyzed using multivariate logistic
regression, incorporating relevant patient characteristics (Table 4).The results indicated that 17 drugs—including

Table 4 Results of Multivariate Logistic Regression

Analysis

Variables OR (95% CI) P-Adjust

AGEI

Ql (<36) 0.375(0.296-0.472) <0.001

Q2 (37-53) 0.550(0.445-0.682) <0.001

Q3 (54-66) 0.684(0.564-0.833) <0.001

Q4 (>66) 0.867(0.720-1.048) 0.134
(Continued)
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Table 4 (Continued).

Variables OR (95% CI) P-Adjust
Gender

Female 1.560(0.668-5.039) 0.375
Male 1.697(0.726-5.487) 0.315
Pantoprazole 31.390(23.467—41.057) | <0.001
Omeprazole 22.000(13.956-32.772) | <0.001
Terbinafine 6.253(4.247-8.836) <0.001
Metronidazole 20.398(13.749-29.006) | <0.001
Ceftriaxone 49.874(34.643-69.283) | <0.001
Vancomycin 27.898(13.904-49.323) | <0.001
Amoxicillin;Clavulanate | 2.080(0.948-3.889) 0.039
Amoxicillin 23.103(13.222-37.127) | <0.001
Clindamycin 6.287(3.443-10.412) <0.001
Ciprofloxacin 4.418(2.773-6.631) <0.001
Hydroxychloroquine 28.383(18.988-40.604) | <0.001
Levetiracetam 8.483(4.062—-15.373) <0.001
Valaciclovir 7.172(1.779-18.682) <0.001
Aciclovir 13.201(8.786-18.956) | <0.001
Ibuprofen 11.559(5.769-20.393) | <0.00I
Paracetamol 5.306(3.099-8.397) <0.001
Diltiazem 13.583(6.184-25.431) | <0.001

pantoprazole, omeprazole, terbinafine, metronidazole, ceftriaxone, and vancomycin—were significantly associated with an
increased risk of AGEP. The predictive performance of the final model was evaluated using a receiver operating character-
istic (ROC) curve, with an area under the curve (AUC) of 0.69 (Figure 4), indicating moderate discriminatory ability.

The 17 identified risk drugs could be categorized into the following classes: antibiotics (7/17), nonsteroidal anti-inflammatory
drugs (NSAIDs; 2/17), antiviral agents (3/17), proton pump inhibitors (2/17), calcium channel blockers (1/17), antifungal agents
(1/17), and other (1/17).

Discussion

AGEP is an acute, drug-associated cutanecous reaction characterized by the sudden onset of fever, widespread non-
follicular pustular eruptions, and systemic symptoms. While its exact pathogenesis remains incompletely understood,
AGERP is believed to involve drug-induced immune activation, primarily through T cell-mediated pathways that drive
neutrophilic infiltration in the epidermis.® Clinically, diagnosis relies on the hallmark skin manifestations, patient history,
and histopathological confirmation. The cornerstone of management is immediate discontinuation of the culprit drug,
along with symptomatic and supportive care. Although most patients recover, a subset may experience severe complica-
tions, including exfoliative dermatitis, sepsis, or multi-organ involvement, resulting in poor prognosis and mortality rates
reported as high as 30%-40%.’

Previous reports have implicated various antibiotics, antiviral agents, and other commonly prescribed drugs in AGEP,
but the strength of these associations has often been limited by small sample sizes or potential confounding. False-
positive signals remain a concern.® Therefore, large-scale pharmacovigilance studies are warranted to identify credible
drug-related risk factors for AGEP.

In this study, we leveraged real-world data from the FAERS database to systematically analyze AGEP-related adverse
event reports from 2004 to 2024. A total of 6,880 cases were identified. The majority of patients were female (54.5%)
and the median age was 59 years, suggesting that AGEP predominantly affects middle-aged and older adults—a finding

consistent with prior literature. This may be due to increased polypharmacy and age-related decline in immune
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Figure 4 ROC Curve for Drug-Induced AP Risk Factors;The red line represents the ROC curve for predicting the outcome, and the gray diagonal line indicates the
reference line of no discrimination. The AUC was 0.690, suggesting fair discriminative ability.

tolerance.” The highest number of reports originated from France, the United States, and Spain, reflecting greater
pharmacovigilance activity in these regions.

Using disproportionality analysis and multivariate regression, we identified 148 drugs with significant AGEP signals,
and further narrowed this list to 17 high-risk agents, spanning multiple therapeutic classes—antibiotics, NSAIDs,
antivirals, proton pump inhibitors, calcium channel blockers, and antifungals.

Among the antibiotics, ceftriaxone had the highest odds ratio (OR = 49.87), highlighting its strong association with
AGERP. As a third-generation cephalosporin, ceftriaxone contains a B-lactam ring that may act as a hapten, binding to host
proteins and triggering IgE-mediated immediate reactions or T cell-mediated delayed hypersensitivity. Patch testing
studies have shown high positivity rates for ceftriaxone among B-lactams, supporting its sensitizing potential.'® Clinical
reports from Turkey and elsewhere have described rapid AGEP onset after ceftriaxone initiation, with symptoms
resolving upon discontinuation.''

Metronidazole, a nitroimidazole antibiotic, may induce AGEP via aberrant immune activation. It has been shown to
stimulate drug-specific CD4+ T cells and enhance neutrophil chemotaxis through IL-8 and GM-CSF secretion, con-
tributing to pustule formation.'>'* Vancomycin is another well-documented trigger, and recent single-cell immuno-
pathology studies suggest it induces a mixed immune response, including TH17-like effectors, indicating possible

therapeutic targets for severe or relapsing cases.'*'”
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Amoxicillin and amoxicillin-clavulanate have also been frequently reported. Delayed-type T cell responses to the
shared B-lactam ring structure are considered the likely mechanism, and cross-reactivity with other penicillin-class
antibiotics has been demonstrated via patch testing.'®'” Clindamycin is another well-established culprit, with a median
symptom resolution time of 9 days after drug withdrawal and supportive care.'®'? Although ciprofloxacin-related AGEP
is rare, its potential mechanism may involve phototoxic metabolites generating free radicals under UV exposure, leading
to keratinocyte damage and inflammation.?*'

Hydroxychloroquine, commonly prescribed for autoimmune diseases, has been implicated in the development of
AGEP through mechanisms that may involve enhanced antigen presentation and subsequent T cell sensitization.”* >* Of
particular note, a case reported by Xi’an Jiaotong University Hospital described the successful management of hydro-
xychloroquine-induced AGEP using secukinumab, an IL-17 pathway inhibitor, highlighting the potential role of IL-17
signaling in the pathogenesis and treatment of this condition.’

Among antiviral agents, levetiracetam, valaciclovir, and aciclovir were identified as risk drugs. Though rare,
levetiracetam—related AGEP has been reported, especially when combined with other antiepileptics like valproate.?
Aciclovir and valaciclovir, used for herpesvirus infections, have been implicated in multiple AGEP cases, with rapid
resolution post-withdrawal.*”-*®

Despite the perceived safety of proton pump inhibitors (PPIs), both pantoprazole and omeprazole were strongly
associated with AGEP in this study. Case reports document typical features including pustular eruptions, fever, and
leukocytosis, resolving upon discontinuation.?*-°

Among NSAIDs, both ibuprofen and paracetamol were identified. While generally well-tolerated, ibuprofen has been
shown to cause AGEP in rare cases.’' Though paracetamol is often considered to have low allergenic potential, there are
reports of AGEP even in children, with eosinophilia and neutrophilic pustules.*?

In addition, terbinafine, a systemic antifungal, was associated with AGEP, possibly due to its intracellular accumula-
tion in keratinocytes and subsequent T cell-mediated cytotoxicity.*>** One case demonstrated progression despite
corticosteroids and eventual improvement with adalimumab therapy.®” Lastly, diltiazem, a calcium channel blocker
used for hypertension and arrhythmia, has also been reported to cause AGEP with rapid onset and resolution following

corticosteroid treatment.>®

Study Strengths and Limitations

This study leveraged a large-scale real-world dataset from the FAERS spanning two decades (2004—2024), providing
a comprehensive and representative overview of drug-induced AGEP in clinical practice. The robustness and external
validity of the findings are supported by the breadth of data and diversity of reporting sources across countries. By
integrating multiple statistical methods—including reporting odds ratios, univariate analysis, LASSO regression, and
multivariate logistic regression—the study effectively combined signal detection, variable selection, and risk quantifica-
tion. These complementary approaches enabled us to systematically identify and validate key drug-related risk factors for
AGEP. A total of 148 drugs with significant associations were screened, with 17 identified as risk factors, providing
clinicians with practical insights for risk-aware prescribing and targeted monitoring.

Despite these strengths, several limitations should be acknowledged. First, the FAERS database is based on
spontaneous and voluntary reporting, which may introduce underreporting or selective reporting biases. Second, the
completeness and granularity of clinical data in FAERS are often limited; missing values for variables such as age, body
weight, and comorbidities could affect the precision and interpretability of the analysis. Third, although multivariate
logistic regression was used to control for confounding, residual confounding from unmeasured variables cannot be fully
excluded. It is also important to note that disproportionality analysis and FAERS data, by nature, do not allow for the
establishment of causality or the estimation of incidence rates.

Conclusion

This study utilized real-world data from the FAERS database between 2004 and 2024 to systematically evaluate potential
risk factors for drug-induced AGEP. A range of commonly prescribed medications—including antibiotics, nonsteroidal
anti-inflammatory drugs (NSAIDs), antiviral agents, proton pump inhibitors, calcium channel blockers, and antifungal
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drugs—were found to be significantly associated with AGEP. Notably, ceftriaxone, pantoprazole, hydroxychloroquine,
and vancomycin exhibited particularly high odds ratios, underscoring the need for heightened pharmacovigilance and risk
assessment during their clinical use. Furthermore, the observation that AGEP was more frequent in younger and middle-
aged adults suggests a possible age-related component in disease susceptibility.

Although this study employed large-scale signal detection and multivariate modeling to enhance the robustness of its
findings, several limitations remain. These include the passive nature of FAERS reporting, missing clinical data, and the
inability to infer causality from spontaneous reports. Therefore, future research should integrate prospective clinical
studies and mechanistic investigations to elucidate the immunological basis and individual susceptibility to AGEP. Such
efforts will be essential for advancing early recognition, targeted prevention, and safe prescribing practices in clinical
pharmacology and dermatovigilance.
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