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Preface

As a result of improved treatment outcomes, longer patient survival, extended treatment courses, and polymedication of an ageing population, patients are exposed to drugs more frequently and for longer time periods, increasing the risk of sensitization to medications. As a consequence, the frequency of adverse drug reactions is regularly increasing.

The skin is one of the most frequently involved organs in adverse drug reactions. Cutaneous adverse reactions to drugs are observed in 0.1-1% of patients during premarketing clinical trials, and postmarketing analyses suggest that their incidence can be as high as 1-8% for certain types of drugs (NSAIDS, antibiotics, antiepileptics), and among hospitalized patients the incidence of these reactions ranges from 1 to 3%.

The majority of adverse cutaneous drug eruptions are benign in nature, comprised largely by the maculopapular type of drug eruption and urticaria. Nonetheless, studies suggest that roughly a third of drug eruptions require hospital management and are considered as severe, although fortunately only 2% of cutaneous drug eruptions are really life-threatening.

As a consequence, it is estimated that between 5 and 9% of all hospital costs are related to adverse drug eruptions, and - cutaneous adverse drug eruptions representing 20-30% of all drug eruptions - the burden of these on the health care system is considerable.

Although the pathomechanism of the benign and severe forms of cutaneous drug eruptions remains incompletely understood, great progress in this field of medicine has been made in the past few years. Improvements range from the clinical classification that is essential for a better understanding to the identification of genetic susceptibilities to certain drugs, and consequently the development of the first preventive genetic screening measures for selected patient groups and drug classes.

In this book, a selected group of experts have provided an up-to-date, condensed and clinically relevant overview of the field of cutaneous drug eruptions ranging from the epidemiological basics and novel knowledge of genetic predisposition to the available therapeutic measures including rapid drug desensitization. We hope to provide physicians, be it generalists or specialists, and non-physicians (nurses and scientists) with a useful tool for a better diagnosis, understanding and management of cutaneous drug eruptions in daily practice.

Lars E. French, Zurich
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Maja Mockenhaupt
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Abstract

Epidemiologic investigations of cutaneous adverse drug reactions (cADR) are important to evaluate their impact in dermatology and health care in general as well as their burden for affected patients. Few epidemiologic studies have been performed on frequent non-life-threatening cADR including reactions of both delayed and immediate hypersensitivity, such as maculopapular exanthema, fixed drug eruption and urticaria. Concerning rare but life-threatening severe cutaneous adverse reactions, e.g. toxic epidermal necrolysis (TEN), Stevens-Johnson syndrome (SJS), acute generalized exanthematous pustulosis and drug reaction with eosinophilia and systemic symptoms, several epidemiologic studies have been performed to date, some of which are still ongoing. Such studies enabled the calculation of reliable incidence rates and demographic data, but also allowed to perform risk estimation for drugs. The spectrum of drugs causing cADR differs substantially when separating the various clinical conditions. Whereas antibiotics are by far the most frequent inducers of milder cADR like maculopapular exanthema, they have a much lower risk to induce SJS/TEN, for which high-risk drugs are anti-infective sulfonamides, allopurinol, certain anti-epileptic drugs, nevirapine and nonsteroidal anti-inflammatory drugs (NSAIDS) of the oxicam type. In contrast, acute generalized exanthematous pustulosis is predominantly caused by the antibiotics pristinamycin and aminopenicillins, followed by quinolones, (hydroxy-)chloroquine and sulfonamides. Drug reaction with eosinophilia and systemic symptoms can be induced by a number of drugs known to cause SJS/TEN, such as certain antiepileptics and allopurinol, but also other medications (e.g. minocyclin).

Copyright © 2012 S. Karger AG, Basel

Essentials in a Nutshell

• Epidemiologic studies on cutaneous adverse drug reactions (cADR) are important to evaluate their impact in dermatology and health care in general as well as their burden for affected patients

• For milder, non-life-threatening adverse drug reactions (ADR), only rough estimates of the incidence exist, whereas for severe cADR reliable incidence rates have been calculated

• Risk estimates for drugs causing cADR have been provided by case-control studies on rare severe reactions such as Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN) and acute generalized exanthematous pustulosis (AGEP), but not for milder cADR

• Antibiotics are the most frequent inducers of milder cADR like maculopapular exanthema (MPE), but they have a much lower risk to induce SJS/TEN, for which the high-risk drugs are anti-infective sulfonamides, allopurinol, certain antiepileptic drugs, nevirapine and oxicam nonsteroidal anti-inflammatory drugs (NSAIDs)

Introduction

Based on the definition of the World Health Organization (WHO), an ADR is ‘a response to a medicine which is noxious and unintended, and which occurs at doses normally used in man’ [1]. The majority of ADR (up to 80%) are dose dependent and predictable, whereas the remaining 20% occur independent of the doses taken and are not predictable. The latter may be immunologically mediated reactions, which are often referred to as drug allergy and which either involve IgE or T cells. In contrast, nonimmunologically mediated reactions are also called ‘idiosyncratic’ [2]. Since a large proportion of ADR affects the skin, epidemiologic studies have been performed in relation to cutaneous manifestations. However, these studies often comprise various cutaneous ADR of different mechanism and clinical appearance. Except for anaphylaxis of different etiology, systematic large-scale epidemiologic studies have only been performed for severe cutaneous adverse reactions (SCAR) allowing to obtain reliable data on incidence and demography. In contrast, few studies on the epidemiology of milder cutaneous ADR have been undertaken and published.

Clinical Pattern of Cutaneous Adverse Drug Reactions

The majority of adverse drug reactions affecting the skin are non-serious and not life-threatening eruptions. However, many patients with such a reaction are admitted to the hospital since in the beginning a serious and life-threatening condition is suspected or cannot be excluded.

Non-Life-Threatening Cutaneous Adverse Drug Reactions

Milder cutaneous ADR include MPE, fixed drug eruption (FDE), morbilliform eruption, urticaria, purpura, vasculitis and many other clinical manifestations. All of these reactions, except perhaps FDE, are not exclusively caused by medications but can also be induced by various kinds if infections [3]. In some of them, infections even seem to be the more likely etiology, e.g. in urticaria or vasculitis, whereas others almost obligatorily occur when both certain infections and specific medications are present, e.g. EBV infection and aminopenicillins leading to MPE. The clinical pattern of these frequently occurring, less severe conditions are known by many physicians, but to confirm the clinical diagnosis the evaluation by a dermatologist and the result of a skin biopsy is needed. Whether drugs caused a specific reaction or not is sometimes difficult to determine, and a detailed medication history has to be obtained. Further allergologic workup may follow 2-4 months after the skin eruption has resolved.

Life-Threatening Cutaneous ADR

These conditions are also called SCAR. They include SJS and TEN, but also AGEP and drug reaction with eosinophilia and systemic symptoms (DRESS) [4]. The precondition for these studies and the analysis of data was a clinical consensus definition of skin reactions in the spectrum of SJS/TEN. In addition, well-defined diagnostic scores were elaborated for AGEP and DRESS.

Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis

These reactions are characterized by erythematous skin and extensive detachment of epidermis and erosions of mucous membranes [4]. Nowadays, SJS and TEN are considered as a single disease entity of different severity but with common causes and mechanisms. The differentiation is made based on the extent of skin detachment. That is limited to less than 10% of the body surface area (BSA) in SJS, widespread with more than 30% of the BSA in TEN, and in-between defined as SJS/TEN overlap [4, 5]. The histopathology shows subepidermal blistering and necrotic keratinocytes either in wide dissemination or full-thickness necrosis of the epidermis, which is due to extensive apoptosis. Based on the almost identical histopathology of SJS/TEN and erythema (exsudativum) multiforme, SJS/TEN is often thought to be part of a broader EM spectrum [4]. For decades, EM with mucosal involvement (EM majus, EMM) was considered as SJS leading to false assessment of the etiology, which in EMM predominantly comprises infections and not medications [5]. However, a consensus definition allows differentiating SJS from EMM based on the clinical presentation [6, 7].

Acute Generalized Exanthematous Pustulosis

AGEP is characterized by the sudden occurrence of dozens of sterile, nonfollicular pinhead-sized pustules on edematous erythema predominantly in the main body folds. The reaction is frequently accompanied by fever and leukocytosis, especially neutrophilia. The pustules appear within only a few hours and resolve within a few days leaving a typical postpustular desquamation. Complications are rare and may occur in patients with an overall poor medical condition [8].

The histopathology reveals subcorneal and/or intraepidermal pustules, a sometimes pronounced edema in the papillary dermis and perivascular infiltrates consisting of neutrophils and some eosinophils [8]. The presence of pustules frequently leads to a misdiagnosis of an infectious condition and explains how an ADR may be overlooked.

Drug Reaction with Eosinophilia and Systemic Symptoms

For many years, the term drug hypersensitivity syndrome summarized numerous severe drug reactions [9]. More recently, a specific entity of drug hypersensitivity syndrome was separated from other ADR and re-named in Europe as DRESS, and in Japan as drug-induced hypersensitivity syndrome (DIHS) [10, 11]. DRESS/DIHS is characterized by a highly variable skin eruption, multi-organ involvement, lymphocyte activation (lymph node enlargement, lymphocytosis, atypical lymphocytes), eosinophilia, frequent virus reactivation [10, 11].

The main features such as skin eruption, fever, and organ involvement can also be attributed to a wide range of infections and to concomitant and underlying diseases. Therefore, each symptom has to be thoroughly investigated for its relation to the reaction. Not all symptoms or signs are always recognized in time, and asymptomatic features like eosinophilia and atypical lymphocytes may be overlooked. Furthermore, visible skin lesions and elevated specific laboratory values may occur at different times throughout the course of DRESS/DIHS [10, 11].

Epidemiologic Studies on Cutaneous Adverse Drug Reactions

Studies monitoring cutaneous ADR, e.g. the Boston Collaborative Drug Surveillance Programme, revealed important information on type of reaction and potentially inducing drugs, but were not designed to study the incidence and prevalence of the reactions, which could only be roughly estimated. More recently, two prospective studies have been undertaken to investigate the epidemiology of cutaneous ADR in a hospital setting. The first study from France analyzed cutaneous ADR due to systemic drugs in a specific hospital over a period of 6 months. All patients were examined and clinically diagnosed by a dermatologist, whereas medication intake was reviewed by a pharmacologist. Based on 48 inpatients with a diagnosis of cADR, the prevalence was calculated as 3.6 per 1,000 hospitalized patients [12]. The second study from Mexico was a prospective cohort study over 10 months and revealed a prevalence of 7 per 1,000 hospitalized patients with cADR (35/4,765 inpatients) [13]. A mandatory electronic reporting system for immunologically mediated drug reactions in South Korea identified 2,682 cases of ADR, both cutaneous and noncutaneous, among 55,432 admissions in a period of 7 months.

After review by allergologists, 532 were classified as ‘significant drug hypersensitivity reactions’, 100 of these were new events, of which 70% had cutaneous manifestations. The overall incidence of ADR was estimated as 1.8 per 1,000 hospital admissions [14].

Epidemiologic Studies on Severe Cutaneous Adverse Reaction

Several epidemiologic studies on SCAR were performed in Europe in the last 25 years. First, two hospital-based retrospective studies over a period of 5 years were undertaken in France and Germany in the 1980s [15, 16]. Second, a prospective population-based registry on severe skin reactions was initiated in Germany in 1990 with the aim to ascertain all hospitalized cases of SJS/TEN [17], and in parallel, an international case-control study on SCAR - the so-called SCAR study - was conducted in France, Germany, Italy, and Portugal between 1989 and 1995 [18, 19]. Later, from 1997 to 2001, the European ongoing case-control surveillance of SCAR - also referred to as EuroSCAR - was undertaken in Austria, France, Germany, Israel, Italy, and the Netherlands [20]. In addition to SJS/TEN, AGEP was investigated [21]. The European registry on SCAR to drugs and collection of biological samples - also called RegiSCAR - was established, which initially collected cases of SJS/TEN, AGEP and DRESS in the same six countries as the EuroSCAR study, but later expanded to Taiwan, UK, South Africa and Spain [22].

These epidemiologic studies first established clinical networks for active case ascertainment.

In the German Registry, a population-based approach was chosen with a network of approximately 1,700 hospitals including all departments of dermatology and pediatrics, all burn units, and all departments of internal medicine with intensive care facilities. Potential cases are reported by phone, fax or e-mail to the registry center. A physician checks the inclusion criteria and, in case they are met, arranges a visit in the reporting/treating hospital.

In order to achieve a high coverage rate, all departments receive quarterly letters addressed to a nominated contact person. Prepaid postcards asking whether cases of SCAR occurred in the past 3-4 months that have not yet been reported are added to these letters and should be returned. A high percentage of postcards are returned to the registry center, but departments that do not respond over a certain period of time receive a reminder phone call. Due to such active and systematic ascertainment, the registry is considered to be exhaustive for detection of SJS and TEN cases in Germany [17].

For the SCAR and EuroSCAR studies, cases from the German Registry were included, whereas specific networks were established in the other participating countries. These were not operating nationwide, but followed the same rules for case ascertainment. However, only prospectively ascertained and directly interviewed community cases of SJS/TEN (i.e. patients who developed the reaction in the community and were admitted because of SCAR) were included [18-21]. For the case-control analysis, 3 control patients were matched for age, gender, region and date of interview to each case patient. Controls were patients hospitalized for acute conditions including infections (e.g. pneumonia), trauma (e.g. fractures), and abdominal emergencies (e.g. appendicitis, ruptured ovarian cyst, strangulated hernia), which were not related to an underlying chronic disease. Not only cases but also controls were validated by checking for appropriateness of diagnosis and eligibility and inappropriate controls were excluded [18].

In the current RegiSCAR study, also cases occurring in the hospital (so-called in-hospital cases) are included. Besides SJS/TEN, AGEP and DRESS are included in the study. The networks of the German Registry and the EuroSCAR study are used for the RegiSCAR project. Within RegiSCAR, a cohort of patients is followed for long-term sequelae and quality of life after SCAR. Furthermore, blood samples are taken and stored centrally for pathophysiologic investigations [22].

All patients with SCAR included in these studies were/are interviewed by a trained health care professional investigator (physician, pharmacist, study nurse) using a standardized questionnaire. The interview includes questions regarding the current illness, demographic data, recent and past medical history, recent infections as well as detailed information on medication use. All collected cases are reviewed by a dermatologic expert committee with no information on exposures using clinical data, photographs and histopathology for clinical case validation. Cases are classified as definite, probable or possible severe skin reactions or are excluded based on the consensus definition [6, 7].

Incidence and Demographic Data

Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis

Although data in the retrospective studies were not primarily collected for epidemiologic purposes, an incidence rate of 1.2 per one million inhabitants per year for TEN in France, and of 0.93 per one million per year in Germany could be estimated [15, 16]. Incidences between 1.4 and 6 per million person-years were reported for SJS and TEN in other countries. However, the huge variation among incidence rates may be caused by smaller reference populations, different diagnostic criteria and further methodological issues (e.g. the use of automated databases with variable coding to identify cases) [23].

Over the past 20 years, the prospective population-based registry in Germany has calculated an incidence of 1-2 cases of SJS/TEN per one million population per year (varying between 1.53 and 1.89) [17, 24].

SJS/TEN occur in different age groups. In the German Registry, the average age of patients with validated SJS/TEN was 53.4 years (1-94 years) for over 2,200 patients. 36% of SJS patients are ≤40 years of age, while 75% of the patients with SJS/TEN overlap and 72% of the patients with TEN are >40 years of age. In contrast, 83% of the patients with EMM are ≤40 years of age. More specifically, children and adolescents of ≤17 years account for 45% of EMM patients, whereas the percentage of this age group is only 13% in SJS. Less than 8% of EMM and SJS cases cannot clearly be distinguished, but these cases seem to follow the demographic characteristics of EMM. Men are more often affected with EMM (66%) and women with SJS/TEN (57-63%) [4].

Among patients with SJS/TEN in Europe, about 5% have been shown to be infected with HIV, with a lower percentage in recent years. Although the distribution of age and gender differs from that of non-HIV-infected patients, mortality rate and outcome are comparable [4, 25].

Mortality is high, with 9% in SJS, 29% in SJS/TEN overlap, 48% in TEN, and altogether almost 25% [4]. Compared to previous years, the mortality rate seems even higher, probably reflecting the increased age of patients (in an older general population) and with it the underlying diseases. Because it is often difficult to determine the actual cause of death in SJS/TEN patients, death within 6 weeks after the onset of the reaction is considered to be directly related to the severe adverse reaction. Risk factors for death in the acute stage of the disease are large amount of skin detachment, old age and underlying diseases (e.g. renal and/or hepatic insufficiency, acute malignant disorders). However, the cohort study within RegiSCAR has revealed a higher death rate one year after the acute stage of the disease [26].

Acute Generalized Exanthematous Pustulosis

The EuroSCAR study collected the largest validated cohort of patients with AGEP. Due to the fact that the case-control study did not work on a population-based scale, reliable incidence data for AGEP are not available. However, it seems that AGEP is more frequent in some European countries than in others, which could be explained by the availability of specific drugs with a high risk to induce AGEP.

Of the 150 potential AGEP cases collected within EuroSCAR, 97 were finally validated as probable and definite. The majority of cases (78/97) derived from France. The mean age was 56 years (range 4-91 years), and 80% of the patients were women. A death rate of almost 4% was calculated [21].

Drug Reaction with Eosinophilia and Systemic Symptoms

The fact that a wide variety of adverse reactions had been reported under the denomination of hypersensitivity syndrome (HSS) for decades, and that no epidemiologic studies were performed on the disease, may explain why no reliable incidence data are available for what is nowadays called DRESS or DIHS. The existing data suggest that the incidence of HSS related to anticonvulsants may vary between 1 in 1,000 and 1 in 10,000 exposed patients [9].

Of the 201 potential DRESS cases collected within RegiSCAR, 117 were finally validated as probable and definite. Interestingly, 66 patients were female with a median age of 41.5 years, whereas 51 were male with a significantly higher median age of 57 years. The death rate was lower than the previously reported 10% with 2 deaths in 117 patients [27].

Etiology of Cutaneous Adverse Drug Reactions

Numerous case reports and case series report on a huge variety of drugs considered to be responsible for different types of cutaneous adverse reactions. In addition, one drug or drug group may induce clinically different reactions, whereas a specific adverse reaction may be caused by many different drugs. Some drugs seem to have a high risk for cutaneous adverse reactions, especially if a viral infection is present in parallel, as stated above for aminopenicillins and EBV. In the few epidemiologic studies mentioned before, beta-lactam antibiotics accounted for 21% of the cutaneous ADR in the French study [12], while antibiotics were thought to be responsible for 32% of the reactions in the Korean study, followed by 26% due to contrast media [14]. In Singapore, antimicrobial and anti-epileptic agents were the most common causative drugs (75%), including penicillins (25%), cephalosporines (16%), co-trimoxazole (9%), phenytoin (8%), and carbamazepine (6%), whereas allopurinol (5.7%) was less frequently determined as an etiologic factor. However, these percentages refer to different types of cADR of both delayed and immediate type hypersensitivity (63% MPE, 18% urticaria) [28]. In a 20-year survey of cutaneous adverse reactions in Switzerland (Comprehensive Hospital Drug Monitoring), penicillins were identified as the culprit drug in 8%, co-trimoxazole in 2.8% of the cases. In that study, more than 90% of the reactions were diagnosed as MPE, the remaining as urticaria (5.5%), vasculitis (1.4%) and FDE (0.5%) [29].

Etiology and Medication Risk of Severe Cutaneous Adverse Reaction

Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis

Case-control studies are considered as the gold standard of risk estimation for drugs. In the EuroSCAR study, risk estimates are based on 379 community cases of SJS/ TEN (i.e. patients who developed the adverse reaction outside the hospital and who were admitted because of symptoms of SCAR) and 1,505 controls, all with a determined index day and adequate information on drug exposures. The analysis strategy looked specifically at medications with prior alerts, recently marketed drugs, but also drugs with a known risk for SJS/TEN and those with the problem of confounding. Confounding arises when, for example, a drug is used for an indication that may have caused the reaction by itself, such as a certain infection. It can also be a problem when a drug is administered in order to treat symptoms that may already reflect the onset of the adverse reaction (e.g. fever, malaise), which is frequently observed for analgesics and antipyretics [18-20].
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Fig. 1. Time latency between beginning of drug use and onset of SJS/TEN. Example of a highly suspected/strongly associated drug (carbamazepine).

Among the newly marketed drugs lamotrigine and nevirapine were strongly associated with SJS/TEN. The manufacturers of both drugs had proposed to avoid adverse reactions by slow titration of the dosis (lead-in periods), which obviously could not prevent the occurrence of SCAR like SJS/TEN [20].

For a number of previously suspected drugs such as anti-infective sulfonamides (especially co-trimoxazole), allopurinol, carbamazepine, phenytoin, phenobarbital, and NSAIDs of the oxicam type, a high risk could be confirmed [19, 20].

Most of the highly suspected/strongly associated drugs were prescribed and taken for a longer period of time. Almost all SJS/TEN patients exposed to these drugs (85-100%) had started treatment <8 weeks before onset of the reaction (table 1). The median time latency between beginning of drug use and onset of the reaction was less than 4 weeks (15 days for carbamazepine, 24 days for phenytoin, 17 days for phenobarbital, 20 days for allopurinol) (fig. 1). The majority of patients exposed to allopurinol (56/66) were recent users in contrast to only one of 27 controls. The univariate relative risk for recent use was 261 (36-infinite) versus a multivariate relative risk of 0.9 (0.3-2.4) for long-term use. No significant risk persisted after 8 weeks of use, neither for allopurinol nor for other strongly associated drugs. The typical pattern for these drugs is characterized by recent start of use and infrequent comedication with another highly suspected/strongly associated drug (table 1) [20].

Some other drugs previously suspected of increasing the risk for SJS/TEN were shown to be associated with a significant but lower risk. Among these suspected/associated drugs are various antibiotics, among which penicillins have the lowest relative risk estimates, and acetic acid NSAIDs such as diclofenac (table 2). Valproic acid was demonstrated to have no increased risk for SJS/TEN [uvRR = 9.4 (3.9-23), mvRR = 2.0 (0.6-7.4); time latency of more than 30 weeks], as had been assumed earlier [19, 20].

Table 1. Estimation of relative risks (RR) for drugs with a high risk for SJS/TEN [20]
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Fig. 2. Time latency between beginning of drug use and onset of SJS/TEN. Example of a non-associated drug (furosemide for more than 2 months).

A variety of other drugs and drug groups commonly used, such as beta-blockers, ACE inhibitors, calcium channel blockers, sulfonamide-related diuretics and sulfonylurea antidiabetics, insulin, and propionic acid NSAIDs (e.g. ibuprofen) were not associated with a detectable risk to induce SJS/TEN (fig. 2, table 3) [20].

Outside case-control studies, risk estimation can be done by linking data on drug use in certain populations - e.g. SJS/TEN patients - to prescription data for certain medications. Thus, the population-based data of the German Registry were compared to nationwide prescription data, and drug-based incidences were calculated for various NSAIDs. The analysis revealed overall low risks for most NSAIDs except for those of the oxicam type [30].

Due to the fact that the risk for SJS/TEN is highest in new users of drugs, numbers of new users could be estimated from numbers of dispensed prescriptions in Germany, average prescribed doses and duration of use in the IMS Disease Analyzer - Mediplus Database, and assumptions which relate new use to growth in national dispensings. This approach was based on data of all hospitalized patients with SJS/TEN ascertained by the German Registry, who had used various antiepileptic drugs. The analysis revealed that more than 90% of SJS/TEN cases occurred in the first 63 days of drug use. Increase in dispensings was 5% for carbamazepine, 65% for lamotrigine, 6% for phenobarbital, -16% for phenytoin, 26% for valproic acid in a period of 4 years. The risk estimates were calculated after assumptions about frequency of incident use had been made, and varied between 1 and 10 per 10,000 new users for different antiepileptic drugs except for valproic acid [31].

Another approach for risk estimation in large cohorts of SJS/TEN cases is the use of a standardized algorithm for causality assessment. In 2010, an algorithm for causality assessment in SJS/TEN called algorithm for assessment of drug causality in Stevens- Johnson syndrome and toxic epidermal necrolysis (ALDEN) was published. It provides structured help for the identification of drug(s) responsible for SJS/TEN in individual cases [32]. It includes the findings of epidemiologic studies, which were able to provide risk estimates for drugs inducing SJS/TEN, and is based on the following criteria: time latency between beginning of drug use and index day (i.e. onset of the adverse reaction), drug present in the body before index day (taking into account the drug's half-life as well as the patient’s liver and kidney function), information on prechallenge/ rechallenge and dechallenge (if available), type of drug/notoriety (based on drug lists that require a regular update) and alternative causes. Numerical score values lead to a causality assessment for each individual drug a patient has taken or was administered, ranging from very unlikely, unlikely, possible, probable to very probable [32].

Table 2. Estimation of RR for drugs with a significa ant but lower risk for SJS/TEN [20]
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Table 3. Estimation of RR for drugs most likely not associated with SJS/TEN [20]
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Drugs could be identified as causes of SJS/TEN in approximately 75% of the cases, i.e. in at least 25% of the cases no culprit drug can be determined, although cases of SJS/TEN without any drug use are rare. Some patients are only exposed to long-term medication, which cannot be accused to have caused the adverse reaction. Viral infections and mycoplasma pneumoniae infection have also been reported as etiologic factors and a possible interaction of infection and medication as well as the interaction of different drugs remains to be clarified. Frequently, it is difficult to decide whether certain symptoms, e.g. oronasal soreness and conjunctival injection, are signs of an acute infection or the onset of the severe skin reaction itself, which may lead to difficulties in determining the index day and false causality assessment.

Because there are no reliable in vitro or in vivo tests to determine the link between a specific drug and SJS/TEN in an individual case, the detection of the culprit drug mainly relies on the time interval between beginning of drug use and onset of the adverse reaction. For safety reasons, oral provocation tests with the suspected drug cannot be recommended, although the reaction may not occur again, as studies performed in Finland in the 1970s could show [33]. Patch tests with the potentially culprit drug are safe but often false negative [24].

Acute Generalized Exanthematous Pustulosis

Although case series frequently list the medications thought to have caused the reaction, risk estimation based on the case-control approach was first performed by the EuroSCAR study. Of the 97 patients with AGEP, 13 were exposed to macrolide antibiotics in the week before the index day, 10 of which were associated with pristinamycin, a macrolide only marketed in France. The adverse reaction occurred after only one day of use in 9 cases, and after 2 days in one case. A high odds ratio was also calculated for aminopenicillins, for which the exposure time was less than 15 days in all cases and often very short. The results were similar for quinolones. Seven cases versus 2 controls were exposed to chloroquine or hydroxychloroquine, 7 cases versus 10 controls to diltiazem. The fact that none of these cases was exposed to another drug with a high risk for AGEP suggests that these antimalarials and diltiazem carry a high risk for AGEP, which was not demonstrated for other ACE inhibitors (table 4). The time latency between beginning of drug use and onset of AGEP varied between a median of one day for antibiotics and sulfonamides (41 cases) and a median of 11 days for other drugs including chloroquine/hydroxychloroquine and diltiazem [21].

Table 4. Estimation of RR (as OR) for drug; with a high risk to induce AGEP [21]
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Drug Reaction with Eosinophilia and Systemic Symptoms

To date, information on drugs inducing DRESS/DIHS is based on case reports and case series. Often, the reaction itself was named after the drug that was considered to be the culprit, e.g. allopurinol HSS, dapsone syndrome, anticonvulsant syndrome, etc. Within the RegiSCAR study, drug exposure was analyzed in 117 validated cases of DRESS. A median of 5 (interquartile range 2-8) drugs were taken in the month before onset of the reaction. In 77% of the cases one, and in 3% two equally (very) probable culprit drugs could be identified, whereas in 4% causality remained undetermined and in 7% unlikely. Antiepileptic drugs including carbamazepine, phenytoin and lamotrigine were thought to be responsible in 36% of the cases, followed by allopurinol in 18%, and sulfonamides in 12%, while other reported drugs were less frequent. The median time latency between beginning of drug use and onset of DRESS was 28 (±17) days for all drugs with a probable or very probable causality assessment [27].

Furthermore, viral reactivation and antiviral T cell response seem to play an important role in the development of DRESS/DIHS, especially in recurrent cases and persisting reactions [11, 34]. Nevertheless, it is not clear whether the reactivation of HHV6 and other members of the human herpes virus family are involved in the etiology of the disease or should be interpreted as a complication [10].

Genetic Epidemiology on Cutaneous Adverse Drug Reactions

A genetic susceptibility for cutaneous ADR has long been suspected. However, not until recently were studies able to determine a risk for specific types of reactions related to certain drugs in patients with a particular pattern of HLA alleles, which may be different in various ethnic groups. Thus, HLA-A*3101 was detected in European patients with carbamazepine-induced hypersensitivity reactions, especially MPE, but not severe reactions like SJS/TEN [35]. A very strong association between carbamazepine-induced SJS/TEN and HLA-B*1502 was observed in Han Chinese patients, which could not be confirmed for Europeans. However, HLA-B*5801 was found in Han Chinese with SJS/TEN and DRESS due to allopurinol (100%) as well as in Europeans with SJS/TEN (55%). These findings are very important because they clearly demonstrate that, first, the genetic predisposition to develop SCAR is highly associated with specific drugs, and, second, ethnicity matters much more than previously thought [36].
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