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Abstract

:

Acute generalized exanthematous pustulosis (AGEP) is a rare skin reaction, commonly caused by drugs. Available evidence mostly relies on small studies or case reports. We collected published AGEP case reports and, subsequently, described the patient characteristics, suspect and concomitant drugs, time to onset, disease management, and clinical prognosis. This study included 297 AGEP patients (64.3% women) obtained from 250 published case reports or case series with individual patient data. AGEP affected patients of all ages, but the majority of patients (88.2%) were ≥25 years old. The most frequently reported suspect drugs were anti-infectives for systemic use (36.5%), particularly antibacterials for systemic use (31.0%), and especially beta-lactam antibacterials (18.3%) and macrolides (4.3%). Other frequent suspect drugs were antineoplastics (12.2%), and anti-inflammatory/anti-rheumatic products (5.2%) plus hydroxychloroquine (12.8%). Mean time to onset was 9.1 days (standard deviation SD 13.94). Some patients developed fever (64.3%) and systemic involvement (18.9%), and most patients (76.4%) received pharmacological treatment for AGEP. Seven patients died, although five of them were already critically ill prior to AGEP. In conclusion, antibiotics remain the most common suspected cause of AGEP. While case mortality rate may be up to 2.5%, disentangling the role of AGEP on the fatal outcome from the role of the preexisting health conditions remains challenging.
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1. Introduction


Acute generalized exanthematous pustulosis (AGEP) is a rare and severe skin reaction. While AGEP occurs most frequently as an adverse effect of pharmacological treatment or drugs, it may also result from contact with chemicals (e.g., mercury) or dyes [1,2], or as a response to certain organisms (e.g., cytomegalovirus, Chlamydia pneumonia, and Escherichia coli) [3]. It has been suggested that AGEP affects one to five patients per million per year, and it has been associated with up to a 5% mortality rate, often due to multi-organ failure or secondary infections [3,4]. The key clinical feature of AGEP is the sudden presence of several miniscule, non-follicular intradermal pustules on an erythematous edematous background [5,6]. Additionally, pyrexia and pruritic or burning sensation at the erythema may also be present [7].



Pharmacological treatments reported as suspect agents triggering AGEP include, among others, antibiotics and other anti-infectives, cardiovascular drugs, proton pump inhibitors, non-steroidal anti-inflammatory drugs (NSAIDs), and hydroxychloroquine [7,8,9,10,11,12,13]. In drug-driven AGEP, symptoms may appear within a few hours, a few days, or even a couple of weeks after the initial drug intervention [6]. Thus, identification of the suspect drug may be challenging.



The majority of the available evidence on AGEP relies on relatively small observational studies [7,8,9,10,12,14] or individual case reports. Thus, we conducted a comprehensive narrative review of published case reports to summarize and investigate patient characteristics, suspect drugs, AGEP management, and mortality.




2. Methods


2.1. Data Collection


A literature review in Embase and PubMed databases was conducted, aiming to collect case reports of drug-associated AGEP published before December 2021. We used keyword search terms for “acute generalized exanthematous pustulosis” or “AGEP” to identify potential articles. The study inclusion was restricted to case reports describing drug-associated AGEP in humans and providing information at the individual patient level. Only literature in English language was included. Studies of AGEP caused by insect bites, dyes, or infective agents (viruses or bacteria) were excluded. Articles describing more than one case (e.g., case series) were only included if sufficient data at the individual patient level were provided. Cases of acute localized exanthematous pustulosis (ALEP) were included and treated as AGEP.



The articles were initially scanned through the title and abstract, and when potentially relevant, a full-text review was conducted. A database was created to record and unify data from the included case reports. Collected information comprised patient characteristics (i.e., sex, age, nationality, ethnicity, comorbidities), country of the event, every drug that the patient was taking at the onset of the reaction, the suspect drug(s) according to the original authors and their indication, record of patch test investigation, the treatment to address the AGEP reaction, and the outcome of the reaction (i.e., fever, systemic involvement, hospitalization, sequalae, death, AGEP-related death).



The following assumptions were taken for the data collection process: If the patient’s age was reported as, for example, ‘in their 40s’, the start of the corresponding 10-year range was chosen, thus, 40 years old in this example. Ethnicity reported as ‘white’ was recorded as ‘Caucasian’. In the absence of a clear mention of the country of the event, the country of the affiliation from the main author of the corresponding paper was used. In the absence of a mention or indication of the presence of systemic involvement, surgery, or sequelae, it was assumed that there was no systemic involvement, surgery, or sequelae, respectively. If surgery after AGEP was reported, but this surgery was the consequence of pre-AGEP circumstances (e.g., trauma), it was not recorded as surgery. If AGEP was developed in already hospitalized patients, we classified them as yes for hospitalization; likewise, patients requiring hospitalization after AGEP. Performance of a percutaneous test was recorded as a patch test. Time to onset was recorded in days. In the cases when AGEP was suspected from a drug after several administrations, time to onset was considered as the number of days from first administration to the AGEP event. When time to onset was reported as ‘less than a week’ or ‘a few days’, we recorded it as six days. Similarly, time to onset of ‘a few hours’, ‘several hours’, or ‘less than 24 h’ was recorded as 0.5 days. Sudden onset was recorded as zero days, and one month as 30 days.




2.2. Synthesis Methods and Reporting


Patient characteristics, number of reported drugs, number of suspect drugs, number of patients receiving pharmacological treatment to address AGEP, and the clinical outcome of the reaction were described overall and stratified by sex. Categorical variables were presented with counts and proportions, and continuous variables were described by mean and standard deviation (SD). In the stratified analysis, findings in men were compared to the findings in women using the chi-squared test for categorical variables and t-test for continuous variables. Statistical significance was defined as p ≤ 0.05.



Reported drugs were classified by therapeutic class, with the aid of the Anatomical Therapeutic Chemical Classification System (ATC) system and their described indication. The frequency of reporting of suspect drugs, as well as the frequency of reporting of every reported drug independently of being or not labeled as the suspect drug, were presented, providing counts and proportions, overall and stratified by sex. Subsequently, the pharmacological treatment of AGEP was similarly presented.



The analyses were performed using R Statistical Software (R 4.0.0. R Foundation for Statistical Computing, Vienna, Austria) [15].





3. Results


From the >800 identified articles in PubMed and Embase, 250 published case reports or case series were included in the analysis [5,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,154,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,218,219,220,221,222,223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,241,242,243,244,245,246,247,248,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264], resulting in 297 patients included in the extracted database.



A comprehensive database with the collected information from every patient, together with a table describing every included variable, are provided in Supplementary Material S2 Excel File.



Among the 297 included patients, 102 (34.3%) patients were men, 191 (64.3%) patients were women, and 4 patients missed information on sex. These patients’ characteristics are described in Table 1. Overall, patients’ age ranged from 1 to 93 years old, with a mean of 48.9 years (SD 20.92). The majority (88.2%) of the population were 25 years or older, with the highest overall percentage observed in the group of patients between 40 and 64 years (41.1%). Overall, 91.2% of the included articles missed a description of the ethnicity of the patient. Approximately one-quarter of patients (23.2%) had an infection at AGEP onset. Other reported observed comorbidities included cardiac/cardiovascular event/disease (21.9%), rheumatic/musculoskeletal diseases or immune-mediated disease (16.8%), skin disease/manifestations (13.8%), and cancer (11.4%) (Supplementary Material S1 Table S1). Among the overall study cases, 135 (45.5%) patients reported taking only one drug, 104 (35.0%) two or three drugs, and 58 (19.5%) four or more drugs. However, in most of the included AGEP cases (90.9%), only one drug was reported as a suspect trigger of the skin reaction, and only approximately one-third of the cases had a patch or percutaneous test recorded. Half of the cases had a time to onset ≤4 days, and the overall mean time was 9.1 days (SD 13.9) (Supplementary Material S1 Figure S1). Characterizing the AGEP event, fever and systemic involvement were reported in 191 (64.3%) and 56 (18.9%) patients, respectively. Most patients (n = 227, 76.4%) received pharmacological treatment, while 70 (23.6%) did not require or did not report pharmacological intervention. The most commonly used treatments for AGEP were corticosteroids for systemic (31.3%) and topical use (22.4%), and other dermatologicals (26.3%) (Supplementary Material S1 Table S2). Sequalae, including long-lasting skin manifestations, such as scarring and hyperpigmentation, were described in 13 (4.4%) patients. No records of surgery due to AGEP were observed.



Stratifying by sex (Table 1), women’s mean age (51.1 years [SD 18.6]) was significantly higher than men’s mean age (45.5 years [SD 23.2]; p = 0.026). Across the sex strata, non-significant differences were found for the number of all and suspect reported drugs. However, a tendency of a higher number of drugs may be observed in male (24.5% with >4 drugs) versus female patients (16.8% with >4 drugs). Similarly, although there were no significant differences across the sex strata with regard to the percentage of patients developing fever, systemic involvement, or having sequalae due to AGEP, a tendency of more men (23.5%) than women (16.8%) having systemic involvement may be observed. In the men and women cohorts, 4 (3.9%) and 3 (1.6%) deaths were registered, respectively.



In the study cohort, seven deaths were recorded [75,91,104,132,151,182,221]. A summary description of the patients with a fatal outcome is included in Table 2. Among these seven patients (four men, three women), five were critically ill before AGEP diagnosis (e.g., cancer, extent burns, pneumonia, viral infection). The most common death reasons were sepsis and multiorgan failure, and the time from AGEP varied from 20 days to 1 year since AGEP diagnosis. In two cases, AGEP had not been previously recovered.



Overall, among the 297 patients, a total of 154 unique drugs were identified as suspect triggers of AGEP. The frequency of reporting of these suspect drugs is presented in Table 3, and in more detail in the Supplementary Material S1 Table S3. Five substances were not included in these frequency tables due to the lack of an ATC code (i.e., curcumin, neurotropin, probiotics, traditional Chinese medicine, and dai-kenchu-to herbal medicine). Among the suspect drugs, the most commonly reported were anti-infectives for systemic use (36.5%), and particularly antibacterials for systemic use (31.0%), especially beta-lactam antibacterials (18.3%) and macrolides (4.3%). Antivirals for systemic use and vaccines were identified as the suspect cause in eight (2.3%) and nine (2.6%) occasions, respectively. Antineoplastic agents and immunomodulating agents represented 14.5% of the suspected drugs, with the majority of this category including antineoplastics (12.2%). Anti-inflammatory and anti-rheumatic products represented 5.2% of the suspect drugs, and this figure increased when considering hydroxychloroquine as an anti-rheumatic treatment or conventional synthetic disease-modifying anti-rheumatic drug (csDMARD), despite its classification as an anti-malarial drug following the ATC system. Indications for hydroxychloroquine included lupus, rheumatoid arthritis, other rheumatic and immune-mediating diseases, and COVID-19. Hydroxychloroquine was reported as an AGEP trigger in 44 (12.8%) patients. Nervous system treatments represented 8.1% of the suspect drug, and other less frequently reported drugs included dermatologic treatments, cardiovascular and cardiac treatments, and drugs for the alimentary tract, respiratory system, genito-urinary system, and hormonal treatments.



Stratifying by sex, visual assessment of the findings shows a higher frequency of hydroxychloroquine and anti-inflammatory and anti-rheumatic products as suspect drugs in women than men. Conversely, a higher frequency of analgesics may be observed in the men cohort.



A description of all drugs reported in patients developing AGEP, independently of the suspect label, is given in Table 4, and in more detail in the Supplementary Material S1 Table S4. Overall, antibacterials for systemic use were the most frequent drugs (25.7%), and other drugs with a high presence were blood/cardiovascular treatments (13.9%), antineoplastic agents (6.3%), anti-inflammatory and anti-rheumatic drugs (3.9%), hydroxychloroquine (6.6%), analgesics (4.5%), corticosteroids for systemic use (4.3%), and contrast media (5.7%).




4. Discussion


This literature case series included 297 patients with drug-associated AGEP, whose information was obtained from 250 published scientific articles. AGEP affected both women (64.3%) and men (34.3%), and while patients’ age covered a wide spectrum, a higher frequency was observed in patients 25 years or older (88.2%). Approximately half (50.5%) of the patients reported the use of more than one drug at the time of AGEP onset, but in 90.9% of cases, only one drug was reported as the suspect agent. Among the suspect drugs, the most frequently reported ones were antibacterials for systemic use (31.0%), particularly beta-lactam antibacterials (18.3%) and macrolides (4.3%). Other frequently reported suspect drugs were antineoplastic agents (12.2%), anti-inflammatory and anti-rheumatic products (5.2%), and hydroxychloroquine (12.8%). Time to onset was ≤4 days in 50% of the patients. Fever was reported in more than half of the cases (64.3%), and systemic involvement in one in every six patients (18.9%). Three-fourths of the patients received pharmacological treatment to address the AGEP reaction. Overall, seven case reports reported the death of the patient (four men, three women), six of which were seriously ill prior to AGEP. It remains unclear whether AGEP was the cause of every fatal outcome.



The patient demographics in this case series are generally comparable to other observational studies. Indeed, the higher frequency of women patients in our study is in line with the existing evidence [7,11,265,266], and there is agreement on the lower age observed among men in comparison to women patients [266]. However, we note that the overall mean age in our case series (48.6 years [SD 21.6]) was slightly lower than the 51.7–62 years mean age reported in other observational and multi-center studies [7,8,10,12], as well as the 57.3 years reported in a recent pharmacovigilance study including 2649 case reports from the World Health Organization pharmacovigilance database (WHO-VigiBase) [266].



Aging is associated with increased frailty, higher disease burden, more medication use, and higher risk for adverse drug reactions [267]. Thus, since the majority of the study patients (67%) were older than 40, and more than the half of the study case reports included the use of two or more drugs, it remains unclear if the observed higher frequency of AGEP with increased age is due to higher frailty with aging, or due to a higher polypharmacy and its associated increased risk of interaction or additive drug effects.



Systemic involvement in AGEP patients has been described as abnormal hepatic and liver function [9,12], as well as acute respiratory distress [265]. Our observed percentage of AGEP patients developing fever (64.3%) was slightly higher than the previously reported frequency of 52% [10,11], but our estimation of the frequency of systemic involvement in AGEP patients (18.9%) lies within the previous reported range, which was 13.9% in a study of 43 cases using electronic medical records in Singapore [12], 17.2% in a French study with 58 cases [265], and 23.5% in study in Taiwan with 51 cases [9].



In the literature, the AGEP case-fatality rate has been suggested to be 2–5%, which is often due to multi-organ failure or secondary infections [3,4,12,13]. The 7 out of 297 patients in this case series whose death was reported and collected [75,91,104,132,151,182,221] would yield a similar case-fatality rate of 2.4%. However, disentangling the cause of death in these patients is challenging. Most of the fatal cases (five of seven) had compromised health at the time of AGEP onset (i.e., two patients had cancer [151,221], one was critically burned [104], and two had respiratory infections [75,182]). Moreover, five out the seven patients died after AGEP was deemed resolved. Only one case report clearly stated the drug reaction as the cause of death [132]. Thus, the role of AGEP in the mortality risk of these patients is questionable. Nevertheless, we note that five out of seven patients died from multiorgan failure and/or sepsis, which suggests a common path towards the fatal outcome. Additionally, death occurred within the first four months after AGEP but for one patient, who continued treatment with the suspect drug and had what we may called ‘mild chronic AGEP’ for one year [221]. While the relatively short time to outcome may support the hypothesis of AGEP influencing the mortality risk, we should consider a potential publication bias. Case reports often describe the events and circumstances after the study event but within a limited timeframe. As such, deaths occurring shortly after AGEP are more likely to be included in published case reports. Consequently, we believe the suggested 2.4% case-fatality rate should be taken with caution as both over- and under-estimation is possible.



Our findings confirmed previous observational studies indicating the high frequency of antibiotics as drugs clinically associated with AGEP onset, especially beta-lactam antibacterials. Antibiotics are often the most prevalent drugs associated with AGEP onset [7,8,9,10,11,12,13,14,265,268,269], accounting for 17 out of the 26 (61.4%) AGEP cases studied by Barbaud et al. [8], 26 of the 58 (44.8%) AGEP cases studied by Hotz et al. [265], and 14 (66.7%) out of the 21 AGEP patients studied by Choon et al. [11]. Additionally, the beta-lactam antibacterial amoxicillin was the most reported drug (21.6%) in the study of 2649 AGEP individual case safety reports (ICSRs) with at least two reported drugs in the World Health Organization (WHO) pharmacovigilance database (WHO VigiBase) [266]. In the multinational EuroSCAR case-control study, which included 97 validated AGEP cases, antibiotics, such as pristinamycin, aminopenicillins, and quinolones, were suspect drugs in 10%, 19%, and 9% of the AGEP patients, respectively. Moreover, these agents were identified as being highly associated with AGEP [7]. In our review, the most common cause of AGEP was antinfectives, including antibiotics, antimycotics, antivirals, and vaccines. Almost one-third of the AGEP reports identified antibacterials as the suspected trigger of the skin reaction, and among those, beta-lactam antibacterials were identified in more than half of the events, followed by macrolides.



Following antibacterials and other anti-infective agents, the anti-inflammatory and anti-rheumatic products including hydroxychloroquine were also frequent among the AGEP triggers. Hydroxychloroquine was identified as the suspect drug in one of every eight patients (12.8%). This result was higher than the 7% previously observed by the EuroSCAR case-control study [7]. Since our data from 22 out of the 44 patients with hydroxychloroquine as the suspect drug were obtained from 15 articles from 2019 onwards, it might suggest a potential overestimation of the frequency of this drug in comparison to other treatments, maybe due to over-reporting as a consequence of the elevated attention given to this drug during the COVID-19 pandemic [270].



Anti-cancer drugs were also identified as a leading cause of AGEP in our case series (8.1% of cases). In a study investigating the adverse effects associated with targeted and non-targeted chemotherapy, imatinib was identified as one of the common anti-cancer drugs responsible for AGEP [271]. Our study was in line with these findings.



While the medications most frequently associated with AGEP events do not always share a common pharmacological pathway, many reflect a patient profile with an “active” immune response (e.g., infection, inflammation, or autoimmune disease), or abnormal cell regulation (cancer). This could also be observed across the patient comorbidities and/or health burdens prior to AGEP. This may suggest that the patient condition for which the treatment is provided may have an impact on the development of AGEP. However, the presence of other drugs also commonly associated with this reaction, such as those for cardiovascular disease, or treatments for neurological diseases (e.g., antiepileptics), does not necessarily support this hypothesis.



In our secondary analysis where we investigated all reported drugs at the moment of AGEP onset, independently of being considered the suspect drug or not, we confirmed the strong presence of antibacterials among the patients. Interestingly, the frequency of blood/cardiovascular treatments in the all-drugs analysis was two to four times higher than in the analysis where only the suspect drugs were included, and 21.9% of patients had pre-existing cardiac/cardiovascular disease/event. While this could indicate an underlying disease–drug interaction, whereby patients with cardiac/cardiovascular diseases are at a higher susceptibility to experience AGEP, it could also suggest the potential for currently unknown drug–drug interactions or additive effects in patients with polypharmacy. A previous study identified the potential for drug interactions to play a role in the onset of Stevens–Johnson syndrome [272]. Similarly, it has been suggested that the high frequency of cardiovascular drugs observed in a data-driven pharmacovigilance study may suggest potential off-target drug–drug interactions [266]. Conversely, an alternative hypothesis could be the consequence of cardiovascular drugs being less commonly known as AGEP triggers, and therefore being less frequently identified as the suspect drug.



Strengths and Limitations


This study is an extensive compilation of published case reports, and it provides a detailed overview of both the drug triggers of AGEP and the clinical characteristics of the reaction. Additionally, we provide a summary table and reference to the included articles (Supplementary Material S2 Excel File), enabling other researchers to investigate additional queries in this case series. However, we acknowledge some limitations. First, while we completed a comprehensive literature review, we may have missed case-reports indexed elsewhere or published in a language other than English. This study’s focus was on extracting case reports with detailed patient information and while case-series were eligible, larger studies (e.g., by Hotz et al. [265]) may have been missed in the search. For example, the study by Hotz. et al. [265] included 58 patients from a single center and was not identified as a case-report and therefore it was missed in our analysis. We did not include the patients described in the multi-center study by Barbaud et al. [8] due to limited information on the individual patient level (26 patients with provided sex, age, and drug(s) with a positive patch test). While the inclusion of the patients from these case-series papers would increase the overall size of the database, we do not expect it to have shifted the overall interpretation as our findings are comparable to those from Hotz et al. and Barbaud et al. Second, there are intrinsic limitations of literature case series. This study design does not allow for assessment of disease incidence or prevalence at the population level, we are heavily reliant on the accuracy of the initial case-report data, and we may be subject to some selection bias (publication bias) due to only including those cases with published reports. Thus, the external validity of the findings should be taken with caution. However, it is expected that the informative character of the study findings would aid to better understand the clinic of AGEP. Following the similarities between AGEP and ALEP, we included both as AGEP; however, we recorded information on the extent of skin involvement. This information is available in the Supplementary Material S2 Excel File. The assessment of certain information was additionally a challenge due to the lack of uniformity across study reports. To address this limitation, we established internal rules for data collection (described in the methods section) to ensure consistency along the process. We noticed that the number of all drugs may be underestimated, since there were case reports in which one would have expected more medications than the reported ones in patients with comorbidities. Similarly, while we have trusted the judgement of the authors of each corresponding case report and accepted their selected suspect drug, we acknowledge the potential misclassification of the suspect drugs. We did not collect information on the performance of the EuroSCAR score, and only less than half of the included cases reported the performance of the patch test for identification of the responsible drug. Moreover, given that the pathogenesis and pathomechanism of AGEP are not well understood, it may be that the drugs most frequently reported in the literature may have in a subsequently higher likelihood of being identified as causative agents. Hence, we acknowledge that the causative agent could have been one of the other concomitant drugs not considered as the suspect drug. Thus, to address this limitation, we provided a secondary analysis including every reported drug, independently of the suspect label. Additionally, since 50.5% of patients were treated with more than one drug, studying the impact of drug combinations with the collected data would be of interest.





5. Conclusions


This comprehensive overview of published case reports provides a large case series of drug-associated AGEP, thereby permitting further understanding of the patient characteristics and drugs associated with this rare, and potentially fatal, adverse drug reaction. Due to the difficulties of studying rare adverse drug reactions, we expect that our study strongly contributes to the current evidence on AGEP. Among the 297 studied patients (mean age of 48.8 years old; women 64.3%), more than half developed fever, and almost 20% had systemic involvement. The majority received pharmacological treatment to address the skin reaction. Antibacterial drugs were the most commonly reported drug class, both overall and as the identified suspect agent. Seven patients died, but the role of AGEP in the cause of death may be difficult to disentangle from the previous health condition of the corresponding patients, and the publication bias. Finally, we provide a comprehensive database with the 297 patients from the included published case reports, thereby providing the largest publicly available case-series. In particular, the generated dataset may be used by others to describe AGEP cases and address additional questions related to polypharmacy, drug–drug interactions, and drug–disease interactions. Nevertheless, additional observational data is required to further elucidate the case-fatality rates and longitudinal outcomes within the population.
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Table 1. Characteristics of the included patients with acute generalized exanthematous pustulosis (AGEP).






Table 1. Characteristics of the included patients with acute generalized exanthematous pustulosis (AGEP).





	

	
Overall

	
Men

	
Women

	




	
Number of Patients:

	
(n = 297)

	
(n = 102)

	
(n = 191)

	
p-Value






	
Age, years (mean (SD))

	
48.9 (20.9)

	
45.5 (23.2)

	
51.1 (18.6)

	
0.026




	
Age group, years

	

	

	

	
0.001




	
  <12

	
17 (5.7)

	
12 (11.8)

	
3 (1.6)

	




	
  12–17

	
9 (3.0)

	
5 (4.9)

	
3 (1.6)

	




	
  18–24

	
9 (3.0)

	
5 (4.9)

	
4 (2.1)

	




	
  25–39

	
64 (21.5)

	
17 (16.7)

	
47 (24.6)

	




	
  40–64

	
122 (41.1)

	
38 (37.3)

	
84 (44.0)

	




	
  ≥65

	
76 (25.6)

	
25 (24.5)

	
50 (26.2)

	




	
Ethnicity (%)

	

	

	

	
0.781




	
  African American

	
3 (1.0)

	
1 (1.0)

	
2 (1.0)

	




	
  Asian

	
2 (0.7)

	
0 (0.0)

	
2 (1.0)

	




	
  Caucasian

	
18 (6.1)

	
5 (4.9)

	
13 (6.8)

	




	
  Hispanic

	
1 (0.3)

	
0 (0.0)

	
1 (0.5)

	




	
  Indo-Asian

	
1 (0.3)

	
0 (0.0)

	
1 (0.5)

	




	
  Latin-American

	
1 (0.3)

	
0 (0.0)

	
1 (0.5)

	




	
  Unknown

	
271 (91.2)

	
96 (94.1)

	
171 (89.5)

	




	
Country of AGEP event

	

	

	

	
0.086




	
  Africa

	
13 (4.4)

	
0 (0.0)

	
13 (6.8)

	




	
  Americas

	
62 (20.9)

	
22 (21.6)

	
37 (19.4)

	




	
  Asia

	
90 (30.3)

	
35 (34.3)

	
55 (28.8)

	




	
  Europe

	
124 (41.8)

	
44 (43.1)

	
79 (41.4)

	




	
  Oceania

	
7 (2.4)

	
1 (1.0)

	
6 (3.1)

	




	
  Unknown

	
1 (0.3)

	
0 (0.0)

	
1 (0.5)

	




	
Number of all reported drugs (mean (SD))

	
2.4 (2.1)

	
2.6 (2.3)

	
2.3 (2.0)

	
0.277




	
Number of all reported drugs

	

	

	

	
0.431




	
  1

	
135 (45.5)

	
44 (43.1)

	
90 (47.1)

	




	
  2

	
69 (23.2)

	
23 (22.5)

	
45 (23.6)

	




	
  3

	
35 (11.8)

	
10 (9.8)

	
24 (12.6)

	




	
  >4

	
58 (19.5)

	
25 (24.5)

	
32 (16.8)

	




	
Number of suspect drugs (mean (SD))

	
1.2 (0.8)

	
1.3 (1.0)

	
1.1 (0.7)

	
0.261




	
Number of suspect drugs

	

	

	

	
0.311




	
  1

	
270 (90.9)

	
89 (87.3)

	
179 (93.7)

	




	
  2

	
18 (6.1)

	
9 (8.8)

	
8 (4.2)

	




	
  3

	
5 (1.7)

	
2 (2.0)

	
2 (1.0)

	




	
  >4

	
4 (1.3)

	
2 (2.0)

	
2 (1.0)

	




	
Patch test performed

	
103 (34.7)

	
36 (35.3)

	
66 (34.6)

	
0.583




	
  missing/unknown

	
2 (0.7)

	
0 (0.0)

	
2 (1.0)

	




	
AGEP time to onset, days (mean (SD))

	
9.1 (13.9)

	
8.5 (12.5)

	
9.5 (14.8)

	
0.56




	
AGEP characteristics

	

	

	

	




	
  Fever yes

	
191 (64.3)

	
70 (68.6)

	
119 (62.3)

	
0.456




	
  missing/unknown

	
62 (20.9)

	
20 (19.6)

	
40 (20.9)

	




	
  Systemic involvement

	
56 (18.9)

	
24 (23.5)

	
32 (16.8)

	
0.212




	
Hospitalization

	
169 (56.9)

	
68 (66.7)

	
99 (51.8)

	
0.025




	
  missing/unknown

	
118 (39.7)

	
33 (32.4)

	
83 (43.5)

	




	
Pharmacological treatment of AGEP

	
227 (76.4)

	
81 (79.4)

	
142 (74.3)

	
0.488




	
  missing/unknown

	
32 (10.8)

	
11 (10.8)

	
21 (11.0)

	




	
Skin sequalae/scarring/hyperpigmentation

	
13 (4.4)

	
4 (3.9)

	
9 (4.7)

	
0.988




	
  Death

	
7 (2.4)

	
4 (3.9)

	
3 (1.6)

	
0.393








Results as counts and percentage of the total number of patients in the corresponding group, unless otherwise specified. Findings in men were compared to those in women using the chi-squared test for categorical variables and t-test for continuous variables. For these tests, missing values were dropped. The overall category includes four patients with unknown sex; thus, four patients were not classified in the women or men categories. Abbreviations: SD standard deviation; AGEP Acute Generalized Exanthematous Pustulosis.
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Table 2. Characteristics of the patients with reported death after acute generalized exanthematous pustulosis (AGEP).
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	Reference
	Sex;

Age
	Baseline Comorbidities
	Suspect Drug;

Days to AGEP Onset
	AGEP

Treatment;

Recovery
	Death Reason;

Days after AGEP





	Shih et al. 2006 [221]
	man

71
	lung cancer and brain metastasis
	gefitinib;

10 days
	PT;

continued

gefitinib with few pustules
	pneumonia with

sepsis;

1 year



	Liang et al. 2011 [151]
	woman59
	hepatocellular carcinoma; hepatitis C;

ascitis; peptic ulcer
	sorafenib;

14 days
	no-PT; SDW;

recovered/

New episode

after rechallenge; SDW; recovered
	pneumonia with

septic shock;

2 months



	Hagiya et al. 2014 [104]
	man

77
	critically burn

(ca. 80% BSA)
	daptomycin;

3 days
	PT; SDW;

recovered
	multiple organ

failure and sepsis;

20 days



	Ozturk et al. 2014 [182]
	man

39
	ventilator associated pneumonia (VAP)
	tigecycline;

2 days
	PT; SDW;

recovered
	multiple organ

failure and sepsis;

3 months

(reported “unrelated to AGEP”)



	Krishna et al. 2014 [132]
	woman

78
	metabolic syndrome;

presumed pneumonia
	levofloxacin;

vancomycin;

12 days
	PT; SDW;

not-recovered
	“multisystem organ failure caused by complications of AGEP without internal sources of sepsis”

4–6 days



	Gambini et al. 2020 [91]
	woman

80
	blepharitis
	betamethasone

(possible cross-reaction with prior dexamethasone);

1 days
	PT;

recovered
	“unexpected death by acute myocardial infarction”;

4 months



	Delaleu et al. 2020 [75]
	man

76
	diabetes;

COVID-19, with acute respiratory distress syndrome
	hydroxychloroquine;

9 days
	SDW;

recovered
	pulmonary

embolism;

10 days







Abbreviations: PT pharmacological treatment; SDW suspect drug withdrawal; BSA body surface area.
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Table 3. Information on the reported suspect drugs for the 297 identified patients. Patients may contribute more than one drug each.
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Overall

	
Men

	
Women




	
Drugs Reported as Suspect Drugs

	
(n = 344)

	
(n = 127)

	
(n = 210)






	
ALIMENTARY TRACT AND METABOLISM

	
6 (1.7)

	
1 (0.8)

	
5 (2.4)




	
 Digestives, incl. enzymes

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Drugs for acid related disorders

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Drugs used in diabetes

	
2 (0.6)

	
0 (0)

	
2 (0.9)




	
 Stomatological preparations

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Vitamins

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
ANTIINFECTIVES FOR SYSTEMIC USE

	
126 (36.5)

	
55 (43.3)

	
66 (31.3)




	
 Antibacterials for systemic use

	
107 (31.0)

	
45 (35.4)

	
60 (28.4)




	
  tetracyclines

	
2 (0.6)

	
1 (0.8)

	
1 (0.5)




	
  beta-lactam antibacterials, penicillins

	
39 (11.3)

	
14 (11)

	
25 (11.8)




	
  other beta-lactam antibacterials

	
24 (7)

	
10 (7.9)

	
13 (6.2)




	
  sulfonamides and trimethoprim

	
8 (2.3)

	
6 (4.7)

	
2 (0.9)




	
  macrolides, lincosamides and streptogramins

	
15 (4.3)

	
6 (4.7)

	
9 (4.3)




	
  quinolone antibacterials, fluoroquinolones

	
5 (1.4)

	
3 (2.4)

	
2 (0.9)




	
  other antibacterials

	
14 (4.1)

	
5 (3.9)

	
8 (3.8)




	
 Antimycobacterials

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Antimycotics for systemic use

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Antivirals for systemic use

	
8 (2.3)

	
7 (5.5)

	
1 (0.5)




	
 Vaccines

	
9 (2.6)

	
2 (1.6)

	
4 (1.9)




	
  bacterial vaccines

	
2 (0.6)

	
0 (0)

	
0 (0)




	
  viral vaccines

	
7 (2)

	
2 (1.6)

	
4 (1.9)




	
ANTINEOPLASTIC AND IMMUNOMODULATING AGENTS

	
50 (14.5)

	
18 (14.2)

	
33 (15.6)




	
 Antineoplastic agents

	
42 (12.2)

	
15 (11.8)

	
28 (13.3)




	
 Endocrine therapy

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Immunostimulants

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Immunosuppressants

	
6 (1.7)

	
1 (0.8)

	
5 (2.4)




	
ANTIPARASITIC PRODUCTS, INSECTICIDES AND REPELLENTS

	
50 (14.5)

	
12 (9.4)

	
38 (18)




	
 Anthelmintics

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Antiprotozoals

	
48 (13.9)

	
10 (7.9)

	
38 (18)




	
  hydroxychloroquine *

	
44 (12.8)

	
7 (5.5)

	
37 (17.5)




	
  other

	
4 (1.2)

	
3 (2.4)

	
1 (0.5)




	
 Ectoparasiticides, including scabicides, insecticides and repellents

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
BLOOD AND BLOOD FORMING ORGANS

	
8 (2.3)

	
3 (2.4)

	
5 (2.4)




	
 Antianemic preparations

	
2 (0.6)

	
1 (0.8)

	
1 (0.5)




	
 Antithrombotic agents

	
6 (1.7)

	
2 (1.6)

	
4 (1.9)




	
CARDIOVASCULAR SYSTEM

	
9 (2.6)

	
2 (1.6)

	
6 (2.8)




	
 Agents acting on the renin-angiotensin system

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Beta blocking agents

	
1 (0.3)

	
0 (0)

	
0 (0)




	
 Calcium channel blockers

	
4 (1.2)

	
2 (1.6)

	
2 (0.9)




	
 Cardiac therapy

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Diuretics

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Lipid modifying agents

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
DERMATOLOGICALS

	
10 (2.9)

	
3 (2.4)

	
7 (3.3)




	
 Antifungals for dermatological use

	
10 (2.9)

	
3 (2.4)

	
7 (3.3)




	
GENITO URINARY SYSTEM AND SEX HORMONES

	
3 (0.9)

	
1 (0.8)

	
2 (0.9)




	
 Other gynecologicals

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Sex hormones and modulators of the genital system

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Urologicals

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
MUSCULO-SKELETAL SYSTEM

	
20 (5.8)

	
5 (3.9)

	
15 (7.1)




	
 Antigout preparations

	
1 (0.3)

	
1 (0.8)

	
0 (0)




	
 Anti-inflammatory and antirheumatic products

	
18 (5.2)

	
4 (3.1)

	
14 (6.6)




	
 Muscle relaxants

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
NERVOUS SYSTEM

	
28 (8.1)

	
15 (11.8)

	
13 (6.2)




	
 Analgesics

	
10 (2.9)

	
6 (4.7)

	
4 (1.9)




	
 Anesthetics

	
2 (0.6)

	
0 (0)

	
2 (0.9)




	
 Antiepileptics

	
6 (1.7)

	
3 (2.4)

	
3 (1.4)




	
 Other nervous system drugs

	
2 (0.6)

	
1 (0.8)

	
1 (0.5)




	
 Psychoanaleptics

	
4 (1.2)

	
2 (1.6)

	
2 (0.9)




	
 Psycholeptics

	
4 (1.2)

	
3 (2.4)

	
1 (0.5)




	
RESPIRATORY SYSTEM

	
7 (2)

	
2 (1.6)

	
5 (2.4)




	
 Antihistamines for systemic use

	
3 (0.9)

	
1 (0.8)

	
2 (0.9)




	
 Cough and cold preparations

	
3 (0.9)

	
1 (0.8)

	
2 (0.9)




	
 Nasal preparations

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
SENSORY ORGANS

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
 Ophthalmologicals

	
1 (0.3)

	
0 (0)

	
1 (0.5)




	
SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX HORMONES AND INSULINS

	
3 (0.9)

	
1 (0.8)

	
2 (0.9)




	
 Corticosteroids for systemic use

	
3 (0.9)

	
1 (0.8)

	
2 (0.9)




	
VARIOUS

	
38 (11)

	
13 (10.2)

	
24 (11.4)




	
 Contrast media

	
38 (11)

	
13 (10.2)

	
24 (11.4)








Results as counts and percentage of the total number of suspect drugs in the corresponding group. The following substances, reported in one case report each, were not included due to missing ATC code: curcumin, neurotropin, probiotics, traditional Chinese medicine, and dai-kenchu-to herbal medicine. * Note that hydroxychloroquine was classified as antimalarial following the ATC system; however, it was indicated for lupus, rheumatoid arthritis, other rheumatic and immune-mediating diseases, and COVID-19.
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Table 4. All reported drugs, independently of being suspect or not. Information from 297 patients, who can contribute more than one drug each.
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Overall

	
Men

	
Women




	
All Reported Drugs, Independently of Suspect or Not

	
(n = 716)

	
(n = 265)

	
(n = 441)






	
ALIMENTARY TRACT AND METABOLISM

	
49 (6.8)

	
13 (4.9)

	
36 (8.2)




	
 Antiemetics and antinauseants

	
3 (0.4)

	
1 (0.4)

	
2 (0.5)




	
 Bile and liver therapy

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Digestives, including enzymes

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Drugs for acid-related disorders

	
16 (2.2)

	
6 (2.3)

	
10 (2.3)




	
 Drugs for functional gastrointestinal disorders

	
3 (0.4)

	
2 (0.8)

	
1 (0.2)




	
 Drugs used in diabetes

	
13 (1.8)

	
3 (1.1)

	
10 (2.3)




	
 Mineral supplements

	
3 (0.4)

	
0 (0)

	
3 (0.7)




	
 Other alimentary tract and metabolism products

	
2 (0.3)

	
0 (0)

	
2 (0.5)




	
 Stomatological preparations

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Vitamins

	
6 (0.8)

	
1 (0.4)

	
5 (1.1)




	
ANTIINFECTIVES FOR SYSTEMIC USE

	
184 (25.7)

	
76 (28.7)

	
103 (23.3)




	
 Antibacterials for systemic use

	
154 (21.5)

	
62 (23.4)

	
90 (20.4)




	
 Antimycobacterials

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Antimycotics for systemic use

	
4 (0.6)

	
2 (0.8)

	
2 (0.5)




	
 Antivirals for systemic use

	
16 (2.2)

	
10 (3.8)

	
6 (1.4)




	
 Vaccines

	
9 (1.3)

	
2 (0.8)

	
4 (0.9)




	
ANTINEOPLASTIC AND IMMUNOMODULATING AGENTS

	
69 (9.6)

	
31 (11.7)

	
38 (8.6)




	
 Antineoplastic agents

	
45 (6.3)

	
22 (8.3)

	
23 (5.2)




	
 Endocrine therapy

	
4 (0.6)

	
4 (1.5)

	
0 (0)




	
 Immunostimulants

	
3 (0.4)

	
1 (0.4)

	
2 (0.5)




	
 Immunosuppressants

	
17 (2.4)

	
4 (1.5)

	
13 (2.9)




	
ANTIPARASITIC PRODUCTS, INSECTICIDES AND REPELLENTS

	
55 (7.7)

	
12 (4.5)

	
43 (9.7)




	
 Anthelmintics

	
1 (0.1)

	
1 (0.4)

	
0 (0)




	
 Antiprotozoals

	
53 (7.4)

	
10 (3.8)

	
43 (9.7)




	
  hydroxychloroquine *

	
47 (6.6)

	
7 (2.6)

	
40 (9)




	
  other

	
6 (0.8)

	
3 (1.1)

	
3 (0.7)




	
 Ectoparasiticides, including scabicides, insecticides, and repellents

	
1 (0.1)

	
1 (0.4)

	
0 (0)




	
BLOOD AND BLOOD FORMING ORGANS

	
34 (4.7)

	
17 (6.4)

	
17 (3.8)




	
 Antianemic preparations

	
5 (0.7)

	
2 (0.8)

	
3 (0.7)




	
 Antithrombotic agents

	
28 (3.9)

	
14 (5.3)

	
14 (3.2)




	
 Blood substitutes and perfusion solutions

	
1 (0.1)

	
1 (0.4)

	
0 (0)




	
CARDIOVASCULAR SYSTEM

	
66 (9.2)

	
22 (8.3)

	
41 (9.3)




	
 Agents acting on the renin-angiotensin system

	
11 (1.5)

	
3 (1.1)

	
8 (1.8)




	
 Beta blocking agents

	
8 (1.1)

	
2 (0.8)

	
5 (1.1)




	
 Calcium channel blockers

	
10 (1.4)

	
4 (1.5)

	
6 (1.4)




	
 Cardiac therapy

	
10 (1.4)

	
5 (1.9)

	
5 (1.1)




	
 Diuretics

	
15 (2.1)

	
5 (1.9)

	
9 (2)




	
 Lipid-modifying agents

	
11 (1.5)

	
3 (1.1)

	
7 (1.6)




	
 Peripheral vasodilators

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
DERMATOLOGICALS

	
21 (2.9)

	
9 (3.4)

	
12 (2.7)




	
 Antibiotics and chemotherapeutics for dermatological use

	
2 (0.3)

	
0 (0)

	
2 (0.5)




	
 Antifungals for dermatological use

	
11 (1.5)

	
4 (1.5)

	
7 (1.6)




	
 Antipsoriatics

	
4 (0.6)

	
3 (1.1)

	
1 (0.2)




	
 Corticosteroids, dermatological preparations

	
4 (0.6)

	
2 (0.8)

	
2 (0.5)




	
GENITO URINARY SYSTEM AND SEX HORMONES

	
8 (1.1)

	
3 (1.1)

	
5 (1.1)




	
 Other gynecologicals

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Sex hormones and modulators of the genital system

	
4 (0.6)

	
0 (0)

	
4 (0.9)




	
 Urologicals

	
3 (0.4)

	
3 (1.1)

	
0 (0)




	
MUSCULO-SKELETAL SYSTEM

	
35 (4.9)

	
9 (3.4)

	
26 (5.9)




	
 Antigout preparations

	
3 (0.4)

	
1 (0.4)

	
2 (0.5)




	
 Anti-inflammatory and antirheumatic products

	
28 (3.9)

	
7 (2.6)

	
21 (4.8)




	
 Drugs for treatment of bone diseases

	
1 (0.1)

	
0 (0)

	
1 (0.2)




	
 Muscle relaxants

	
3 (0.4)

	
1 (0.4)

	
2 (0.5)




	
NERVOUS SYSTEM

	
87 (12.1)

	
41 (15.5)

	
45 (10.2)




	
 Analgesics

	
32 (4.5)

	
13 (4.9)

	
18 (4.1)




	
 Anesthetics

	
13 (1.8)

	
10 (3.8)

	
3 (0.7)




	
 Anti-Parkinson drugs

	
2 (0.3)

	
2 (0.8)

	
0 (0)




	
 Antiepileptics

	
14 (2)

	
6 (2.3)

	
8 (1.8)




	
 Other nervous system drugs

	
3 (0.4)

	
2 (0.8)

	
1 (0.2)




	
 Psychoanaleptics

	
11 (1.5)

	
3 (1.1)

	
8 (1.8)




	
 Psycholeptics

	
12 (1.7)

	
5 (1.9)

	
7 (1.6)




	
RESPIRATORY SYSTEM

	
23 (3.2)

	
8 (3)

	
15 (3.4)




	
 Antihistamines for systemic use

	
7 (1)

	
3 (1.1)

	
4 (0.9)




	
 Cough and cold preparations

	
9 (1.3)

	
3 (1.1)

	
6 (1.4)




	
 Drugs for obstructive airway diseases

	
2 (0.3)

	
0 (0)

	
2 (0.5)




	
 Nasal preparations

	
5 (0.7)

	
2 (0.8)

	
3 (0.7)




	
SENSORY ORGANS

	
9 (1.3)

	
0 (0)

	
9 (2)




	
 Ophthalmologicals

	
9 (1.3)

	
0 (0)

	
9 (2)




	
SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX HORMONES AND INSULINS

	
35 (4.9)

	
10 (3.8)

	
25 (5.7)




	
 Corticosteroids for systemic use

	
31 (4.3)

	
8 (3)

	
23 (5.2)




	
 Pituitary and hypothalamic hormones and analogues

	
1 (0.1)

	
1 (0.4)

	
0 (0)




	
 Thyroid therapy

	
3 (0.4)

	
1 (0.4)

	
2 (0.5)




	
VARIOUS

	
41 (5.7)

	
14 (5.3)

	
26 (5.9)




	
 Contrast media

	
41 (5.7)

	
14 (5.3)

	
26 (5.9)








Results as counts and percentage of the total number of all reported drugs in the corresponding group. The following substances, reported in one case report each, were not included due to missing ATC code: acetyl choline chloride, loxoprofen, carperitide, prophylline, curcumin, neurotropin, probiotics, traditional Chinese medicine, and dai-kenchu-to herbal medicine. * Note that hydroxychloroquine was classified as antimalarial following the ATC system; however, it was indicated for lupus, rheumatoid arthritis, other rheumatic and immune-mediating diseases, and COVID-19.
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