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Assessment of the causality of adverse events is important not 
only in the management of patients who have experienced 
such events but also in drug monitoring for better evaluation 
of the benefit/risk profiles of drugs.1 Since the initial work of 
Irey in 1976,2 many methods have been proposed to assess the 
causal relationship between an adverse event and a medica-
tion taken by a patient. Most of these methods belong to one 
of three categories: expert clinical judgment,3 probabilistic 
approaches,4 and algorithms.5 Clinical judgment is the first 
mandatory step, largely used in daily practice. However, uni-
versal expert judgment presents pitfalls, such as subjectivity 
and lack of standardization, which lead to poor reproducibility. 
Furthermore, the decision-making process is often not explicit, 
so that it is neither transparent nor replicable. The main 
limitation of probabilistic approaches is the need to model 

probability distributions, which is difficult to accomplish in 
routine practice. The algorithm methods seem easier in routine 
practice. They are mainly based on decision trees or succes-
sive evaluation of criteria resulting in a sum of scores. Many 
algorithms for assessing the causality of drug reactions have 
been published in the literature.6 Most combine five criteria: 
challenge, dechallenge, rechallenge, previous bibliographic 
description, and other etiologic alternatives. With algorithms, 
the intra- and interevaluator agreements are usually high, but 
the results depend critically on the weight given to each cri-
terion, which is rather empirical. These methods are either 
general (i.e., intended for all reactions and all drugs) or specific 
(i.e., adapted to the reaction or medication concerned). None 
of the methods proposed or used has yet been validated7 or 
compared with a reference method.
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Epidermal necrolysis (EN)—either Stevens–Johnson syndrome (SJS) or toxic EN (TEN)—is a severe drug reaction. 
We constructed and evaluated a specific algorithm, algorithm of drug causality for EN (ALDEN), in order to improve 
the individual assessment of drug causality in EN. ALDEN causality scores were compared with those from the French 
pharmacovigilance method in 100 cases and the case–control results of the EuroSCAR study. Scores attributed by ALDEN 
segregated widely. ALDEN pointed to a “probable” or “very probable” causality in 69/100 cases as compared to 23/100 
with the French method (P < 0.001). It scored “very unlikely” causality for 64% of medications vs. none with the French 
method. Results of ALDEN scores were strongly correlated with those of the EuroSCAR case–control analysis for drugs 
associated with EN (r = 0.90, P < 0.0001), with probable causality being reported in 218/329 exposures. ALDEN excluded 
causality in 321 drugs that the case–control analysis had described as “probably not associated” and in 22/233 drugs that 
had been described as inconclusive exposures. Being more sensitive than a general method, ALDEN, which correlates 
well with case–control analysis results, can be considered a reference tool in SJS/TEN.
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Stevens–Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) are usually drug related and are character-
ized by a high death rate. The process of epidermal necroly-
sis (EN) results in extensive blisters and detachment of skin 
and mucous membranes.8 SJS and TEN are two forms of EN, 
differing only with respect to the amount of skin detachment 
relative to the body surface area involved.8–10 Although rare, 
these diseases remain of high interest in the field of drug safety 
and risk/benefit ratio evaluation of medicines because of their 
severity: the death rate from EN averages 23%.11 Therefore, a 
proper identification of the drug responsible for the disease 
is essential, not only for sponsoring and regulatory agencies 
but also for the purposes of adequate in vitro investigations 
into the mechanisms involved. The identification of the causa-
tive drug is even more important for the patients and their 
physicians. In the acute phase, withdrawal of the suspected 
medication(s) is an urgent requirement for improving the 
immediate prognosis,12 while other treatments often need 
to be continued. After the patient has recovered, it is of the 
utmost importance to prevent re-exposure to the culprit drug 
while also permitting the use of other medicines. Causality 
assessment for EN should therefore rely on validated methods. 
For rare outcomes, the case–control design is considered most 
appropriate for valid assessment of global medication risks.13 
However, it does not provide the individual causality assess-
ment needed for the patient’s immediate and future care and 
for the purpose of research.

To assess the medication risks in EN, we were involved in 
two successive case–control studies (SCAR and EuroSCAR)14,15 
and, more recently, in a registry of cases (RegiSCAR).16 This 
prompted us to design a specific causality assessment method 
tailored to EN. Our aim was to create an algorithm that can 
be used by clinicians who are not necessarily experts in phar-
macovigilance and not capable of discriminating between the 
effects of the many drugs to which patients with EN may be 
exposed (six drugs was the mean in the SCAR study).14

As a first step, an algorithm—algorithm of drug causality for 
EN (ALDEN)—was elaborated by a group of experts who had 
participated in the assessment of hundreds of cases, based on 
their knowledge of the results of the SCAR study.14 In the second 
step, the algorithm assessment of drug causality was carried out 
on all the cases enrolled in the EuroSCAR study.15 The results 
were compared with those provided by case–control analysis of 
the same cases.

Results
Reproducibility of the algorithm
The comparison of scores assigned for 101 drugs by two inves-
tigators provided κ concordance values of 0.73, 0.71, and 0.71 
for the individual score of each medication, classification of 
medications in causality groups, and determination of the drug 
with the highest score for each patient, respectively. Because 
the discrepancies consisted of differences in evaluation in only 
two parameters— ”drug notoriety” and “pharmacokinetics”—we 
created a database of “notoriety” and “pharmacokinetics” for all 
drugs to which the patients had been exposed. (The data are not 

shown but are available from the corresponding author as a Web 
table; the data will be posted at a future date on the RegiSCAR 
website.)

Comparison of ALDEN with the French  
pharmacovigilance method
In the study sample of 100 French cases of EN in patients 
who together were taking a total of 697 drugs, the algorithm 
scores for causality defined only one drug in the categories 
“very probable” or “probable” for 69 patients and two drugs in 
these categories for 3 patients, leaving 28 patients with no drug 
assessed as “probable” or “very probable” to have caused the 
adverse reaction. For this same set of 100 patients, the French 
pharmacovigilance method of causality assessment showed one 
drug in the category “possible” or “probable” for only 23 patients 
and two drugs for 17 patients, and no conclusion was possi-
ble with regard to drug causality in 60 patients. Therefore, the 
outcomes from causality assessment differ greatly between the 
two methods (P < 10−3, χ2-test). The two methods had similar 
potential to confirm the causality of drugs with prior “notoriety” 
and to assess causality in drugs with unknown specific risk. 
However, the French pharmacovigilance method never classi-
fied a drug as “very probable.” On the other hand, the specific 
algorithm scored 64% of the whole set of drugs in the category 
“very unlikely.” No drug was in this category with the French 
pharmacovigilance method, which classified 77% of the drugs 
as “possible” or “unlikely” (Figure 1).

Drug risk as assessed by ALDEN in the EuroSCAR cases
Among the 379 validated cases of SJS/TEN in the EuroSCAR 
study, 7 patients (2%) had not received any systemic drug in the 
4 weeks before the onset of the reaction. For the other patients, 
the distribution of individual drug scores (total number: 2,279) 
is shown in Figure 2a. The distribution of causality assessment 
for each patient is shown in Figure 2b.

In a total of 237 cases (63%), drug causality was assessed as 
“probable” or “very probable.” In 224 cases, a single drug was 
implicated as probable (104) or very probable (110). In the 
other 23 cases, 2 or 3 (in only 1 case) drugs had a probable/very 
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Figure 1  Distribution within classes of causality for the 697 drugs taken 
by 100 French patients, using the algorithm of drug causality for epidermal 
necrolysis (ALDEN) and the French pharmacovigilance (PV) method.
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probable causality. In 1 of these cases, 2 drugs had a similar “very 
probable” score; in 6 cases, 2 drugs had a similar “probable” 
score; in 15 cases, 2 drugs were ranked as “very probable” or 
“probable”; and 1 case had 3 drugs ranked with a “very probable” 
(1 drug) or “probable” scores (2 drugs). In addition to the 2% 
of patients who had not used any medications, 13% had been 
exposed only to drug(s) for which causality was determined as 
“very unlikely” (6%) or “unlikely” (7%). In 23% of the cases, the 
highest drug score assigned for causality was “possible.”

Most drugs assigned a probable or very probable causality 
belonged to the “strongly associated” notoriety list established 
in the previous SCAR study. For drugs marketed after or toward 
the end of that study, a “suspected risk” designation was con-
sidered appropriate in the notoriety list, on the basis of alerts 
from reports in the literature (e.g., lamotrigine, nevirapine, and 
sertraline).

Comparison with case–control analysis
Drugs definitely associated with EN. Table 1 lists all the drugs that 
are associated with EN according to the EuroSCAR study. For 
each drug, it provides the “attributable risk” (proportion of 
cases attributed by the algorithm) and the “etiologic fraction” 
calculated from case–control analysis in the same population. 
There was a very strong correlation between the two values (r = 
0.90, P < 10−4) (95% confidence interval, 0.74–0.97). The two 
values differed by more than 2 units (see boldface in Table 1) 
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Figure 2  Results of causality assessments using the algorithm of drug 
causality for epidermal necrolysis (ALDEN) on data related to EuroSCAR 
patients. (a) Distribution of classes of causality provided by ALDEN 
for all 2,279 drugs taken by the 372 patients in the EuroSCAR study 
(7 patients did not take any drugs). (b) Distribution of drug causality 
per patient. Repartition of maximum score for at least one medication 
for the 379 cases of Stevens–Johnson syndrome/toxic epidermal 
necrolysis.

Table 1  Comparison between etiologic fraction and causality assessment for medications with a definite association with EN 
according to the EuroSCAR study

Drug (generic name) 
or coalition

Probable/ 
very probable causalitya Exposed patientsb

Attributable  
ratio (algorithm)%

Etiologic fraction  
(case–control analysis)c

Allopurinol 54 66 14.2 14.4

Carbamazepine 27 31 7.1 7.4

Sulfamethoxazole 18 24 4.7 4.8

Other anti-infectious 
sulfonamides

15 15 4.0 2.9

Nevirapine 15 21 4.0 5.0

Phenobarbital 16 20 4.2 4.0

Phenytoin 17 19 4.5 4.2

Lamotrigine 9 14 2.4 3.4

Acetic acid NSAIDs 14 27 3.7 5.8

Oxicam NSAIDs 11 11 2.9 2.8

Quinolones 6 13 1.6 2.9

Cephalosporins 3 19 0.8 4.3

Cyclines 6 7 1.3 1.6

Aminopenicillins 3 18 0.8 2.8

Sertraline 4 6 1.1 0.5

Macrolides 0 18 0 4.1

The etiologic fraction was calculated from case–control analysis, and causality was ascertained by the algorithm of drug causality for epidermal necrolysis (ALDEN) for all 
medications with a definite association with EN according to the EuroSCAR study.15 Boldface indicates the drugs or coalitions whose difference between attributable ratio and 
etiologic fraction differed by more than 2 units.

EN, epidermal necrolysis; NSAIDs, nonsteroidal anti-inflammatory drugs.
aCounting each drug when two (eight cases) or three (one case) had equal causality, except when these were drugs that belong to the same coalition line (e.g., one patient had 
taken two other anti-infectious sulfonamides having very probable causality). bIn the 7-day period (or longer for drugs with long elimination half-life) before the index day as 
defined in the EuroSCAR study.15 cRestricted to drug exposure started in the first 8 weeks for drugs used as long-term therapy.
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in 4 of 16 coalitions or medications: cephalosporins, macrolide 
antibiotics, aminopenicillins, and acetic acid nonsteroidal 
anti-inflammatory drugs. For drugs associated with signifi-
cantly elevated relative risk (RR) for EN, the plot of results of 
attributable risk vs. etiologic fraction shows that 12 coalitions 
had etiologic fractions that were above the 95% limits of the 
correlation slope (data not shown).

“Probably not associated” drugs. Table  2 lists the 11 medications 
in common use (>1.5% exposure in controls) that have no 
significant association with EN (the upper limit of the confidence 
interval  <3). For these 11 drugs, in a study of a total of 321 
exposures, ALDEN did not categorize the causality in any of 
these exposures as “probable” or “very probable.”

Among the drugs for which association with EN was con-
sidered doubtful because of a high potential for confounding 
by indication (Table 3), four were judged to be probably causal 
by use of the algorithm. These were pyrazolone analgesics (six 
exposures), corticosteroids (seven exposures), acetaminophen 
(paracetamol) (eight exposures), and nimesulide (one exposure), 
for a total of 22 of 233 exposures. Interestingly, no exposure to 
acetylsalicylic acid or ibuprofen was deemed causal.

Table 4 presents all the other medications13 that were con-
sidered probable or very probable causes of EN in a total of 20 
cases. In 10 cases, they were associated with drugs of equal cau-
sality. In none of these 13 different drugs did the case–control 
analyses suggest “no association,” and the upper limit of the 95% 
confidence interval of the RRs was always >3.

Discussion
In our experience, most patients who survive SJS or TEN are 
instructed to stop taking—and never again use—the medica-
tions they had taken before the onset of the reaction. This overly 
prudent attitude contributes to patients’ belief that they are aller-
gic to all medications, with the risk of inadequate management 
of future diseases. It also results in the confused opinion that 
virtually every drug can induce SJS or TEN, an opinion that has 
not been supported by a previous study.17

In constructing an algorithm aimed at evaluating the causality 
of medications in SJS and TEN, our main goal was to clearly 
identify in each patient not only the drug that had most prob-
ably induced the reaction but also the drugs that were mere 
innocent bystanders and could safely be administered to the 
patient again.

Parameters were chosen on the basis of clinicians’ expertise 
of l experts, and previous scoring systems, including the Naranjo 

Table 2  Causality assessment for drugs in common use classified 
by case–control methods as having “no evidence of association” 
with SJS or TEN

Drug or coalition

Probable causality 
using ALDEN  

(no. of patients)

Number  
of exposed 
patientsa

Multivariate  
RR (95% CI)b

Nitrates and 
vasodilators

0 47 1.6 (1.0–2.8)

Benzodiazepines 0 45 0.8 (0.4–1.3)

β-Blockers 0 37 0.9 (0.5–1.5)

ACE inhibitors 0 44 0.9 (0.5–1.5)

Calcium channel 
blockers

0 45 1.4 (0.8–2.4)

H1 anti-histamine 0 30 1.2 (0.6–2.4)

Thiazide diuretics 0 26 0.7 (0.4–1.4)

Levothyroxine 0 15 0.8 (0.3–1.8)

HMG-CoA reductases, 
statins

0 12 0.4 (0.1–1.1)

Sulfonylurea 
antidiabetics

0 11 1.3 (0.6–2.5)

Spironolactone 0 9 1.0 (0.4–2.7)

Results of algorithm of drug causality for epidermal necrolysis (ALDEN) for drugs of 
common use classified by case–control methods as “no evidence of association” with 
SJS or TEN (nonsignificant association and upper limit of confidence interval <3).

ACE, angiotensin-converting enzyme; CI, confidence interval; HMG-CoA, 3-hydroxy-
3-methylglutaryl-coenzyme A; RR, relative risk; SJS, Stevens–Johnson syndrome; 
TEN, toxic epidermal necrolysis.
aIn the 7-day period before the index day as defined in the EuroSCAR study.15 Multiple 
exposures within a coalition were counted only as a single exposure. bFrom the 
EuroSCAR study, restricted to drug exposure in the first 8 weeks after starting the drug, 
for drugs used as long-term therapy.15

Table 3  Causality assessment using ALDEN for drug unclassified by case–control method

Drug or coalition
Probable causality using 

algorithm (no. of patients)
Other drug with probable/very 

probable causality (no. of patients) Exposed patientsa Multivariate RR (95% CI)b

Acetaminophen (paracetamol) 8 0 88 1.9 (1.2–2.8)

Pyrazolone analgesicsc 6 Allopurinol (1) 
Phenylbutazone (1) 
Phenytoin (1)

18 3.1 (1.2–7.7)

Acetylsalicylic acid 0 0 46 1.6 (0.9–2.7)

Tramadol 0 0 10 28 (3.5–230)d

Nimesulide 1 0 5 6.0 (1.0–38)

Ibuprofen 0 0 10 0.9 (0.3–2.6)

Corticosteroids 7 0 56 4.5 (2.4–8.7)

Drugs designated unclassified because of  “high potential for confounding by indication.”

ALDEN, algorithm of drug causality for epidermal necrolysis; CI, confidence interval; RR, relative risk.
aIn the 7-day period before the index day as defined in the EuroSCAR study.15 Multiple exposures within a coalition counted once. bFrom EuroSCAR study, restricted to drug 
exposure in the first 8 weeks after starting the drug, for drugs used as long-term therapy.15 cInclude metamizole (five cases) and phenazone (one case). dUnivariate RR because of 
insufficient number of controls.
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scale,18 and weighted on the results of a previous international 
case–control study.14 To each parameter, we attributed a rather 
large range of negative to positive values, in order to better dis-
criminate the score of each drug taken by a patient. Most of the 
parameters we included were the same as those used in previous 
methods.

Among the original features, one must take into account the 
likelihood that the drug under investigation was present in 
the patient’s body at the onset of the disease. This is obviously 
considered to be of high importance, given the drug-specific 
mechanisms of the disease.19,20 In this study, for 30% of the 
drugs that were evaluated, the drug had been withdrawn from 
the patient’s medication regimen before the index day. Instead 
of blood or tissue drug levels18 (which are rarely available, in our 
experience), we used the known elimination half-life value as 
an approximate estimate of the potential persistence of the drug 
in the body. In order to be more conservative in our approach, 
we considered the presence of kidney or liver disease and the 
simultaneous administration of more than five other medica-
tions as markers of probable interaction, and these were given 
due weight in the score as a part of uncertainty.21

Another important original feature of ALDEN is the concept 
of a “negative prechallenge.” Because the “high-risk period” was 
restricted to the first weeks of a new treatment in the SCAR 
study,14 we considered a patient’s previous intake of a specific 
drug without any adverse reaction (“negative prechallenge”) 
to decrease the probability that the drug could be the cause of 
SJS/TEN.

The last innovative step was the final “confrontation” that was 
arranged among the “intermediate” scores of all the medications 
taken by each patient. In a given patient, if at least one of the 
drugs had a score >3, all the other co-medication drugs with 

lower scores had 1 point subtracted from their scores because 
of “likelihood of another cause.”

The algorithm was validated on a database of well-ascertained 
cases in which standardized collection of information on drug 
intake had been completed before the reaction commenced. The 
database included information on drug intake collected up to 
the day of admission to hospital for EN, but we did not track 
information about the continuation of the drugs after the day of 
hospitalization. Therefore, the item on “dechallenge” could not 
be used, and this score was 0 for all drugs. In theory, this could 
overestimate by only 2 points the final score of drugs that had 
been continued during the course of the disease. Such a con-
tinuation is infrequent in our experience and would occur only 
for drugs that the physicians considered as being unlikely to be 
responsible for the disease. We assume that the missing infor-
mation in this regard resulted in possible misclassification of 
medications mainly in the “lower” causality classes. Obviously, 
that assumption needs validation with prospectively enrolled 
patients.

This algorithm proved complex and time consuming. 
Decisions regarding the impact of kidney or liver alterations and 
of drug interactions should be made by experts. The intergrader 
reproducibility was good but far from perfect. Discrepancies 
were related to interpretations of two items: “notoriety” and 
“pharmacokinetics.” Therefore, we created and used a database 
listing the appropriate values under these heads for each drug, 
and three authors checked all these items for all the drugs. To 
simplify the process, we are now working on a computerized 
version of ALDEN with direct links to databases.

Having been built for this purpose, it is not surprising that our 
specific SJS/TEN algorithm has proved to have a better ability 
to discriminate both “culprit” and “innocent” drugs than the 

Table 4 O ther medications with probable causality assessed by ALDEN

Drug
Probable  

causality (ALDEN)
Other drug with probable/very 
probable causality (no. of patients)

Case–control analysis

Exposeda Relative risk

Cases Univariate Multivariateb

Ketoprofen 3 Sulfamethoxazole (1) 3 6.0 (1.0–36)

Valproic acid 3 Lamotrigine (1) 
Allopurinol (1)

16 9.4 (3.9–23) 2.0 (0.6–7.4)

Phenylbutazone and 
kebuzone

3 Metamizole (1) 
Allopurinol (1)

4 16 (1.8–144)

Fluoxetine 2 Metamizole (1) 5 2.0 (0.7–5.9) 0.8 (0.1–5.4)

Fluconazole 1 Thiabendazole (1) 1 0.10-Infinite

Thiabendazole 1 Fluconazole (1) 1 0.10-Infinite

Metronidazole 1 Phenytoin (1) 3 1.6-Infinite

Citalopram 1 0 1 1 (0.1–8.9)

Paroxetine 1 0 3 0.92 (0.26–3.2) 0.61 (0.09–4.0)

Leflunomide 1 0 2 0.75-Infinite

Thioacetazone 1 0 1 0.10-Infinite

Naproxen 1 Allopurinol (1) 2 2.7 (0.44–16)

ALDEN, algorithm of drug causality for epidermal necrolysis.
aIn the 7-day period (or more for drugs with long elimination half-life) before the index day as defined in the EuroSCAR study.15 Multiple exposures within a coalition were 
counted as only one exposure. bAs in the EuroSCAR study, estimated when there were more than three cases of exposure and three controls.15
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general algorithm that is used by French pharmacovigilance for 
evaluating all types of drug reactions. However, the rather low 
sensitivity of the French pharmacovigilance method was surpri
sing because it was expected to be a sensitive tool for detecting 
new alerts. The integration of drug “notoriety” in our algorithm 
did not prevent it from detecting causality for several drugs that 
had a “suspected” notoriety and would have been missed by the 
French pharmacovigilance method.

The very good overall agreement of the results provided by 
the algorithm with those of the case–control analysis of the 
EuroSCAR study is important but should not be overstated. 
To our knowledge, this is the first time that a drug causal-
ity algorithm can be compared to what is considered the 
gold-standard method for assessing very rare drug-induced 
diseases.13 However, we are aware of several limitations with 
regard to ALDEN. First, ALDEN was constructed by experts 
who were aware of the results of case–control analyses and were 
looking for a good correlation. Second, given that more than 
half of the cases of SJS and TEN are related to a limited number 
of “high-risk” drugs, there was a rather high a priori probability 
of observing an agreement. The strength of the observed cor-
relation is nevertheless encouraging.

Discrepancies are also noteworthy. They occurred in rela-
tion to drugs that had been deemed in the EuroSCAR results 
as having “low risk” or a “high potential for confounding by 
indication.”15 Macrolides, cephalosporins, and aminopenicillins 
are widely prescribed antibiotics that may be used to treat early 
and not‑yet-specific symptoms of what could turn out to be SJS/
TEN. The same is true for acetaminophen and systemic corti-
costeroids. Interestingly, in all the instances, ALDEN ascribed 
much lower “attributable risks” than the case–control analysis 
did, but it also found cases that were attributable to drugs such as 
acetaminophen (eight probable) or corticosteroids (seven prob-
able), for which causality is controversial. To a certain degree, the 
algorithm addresses the problem of confounding by indication, 
because a short delay between starting intake of the drug and the 
index day is judged to be only likely. Nevertheless, we emphasize 
the need to rely on the most precise possible determination of the 
index day of the disease, based on clinical information, as was 
done in this study. This helps to rule out attributing causality to 
drugs that are taken for the very early symptoms of the disease, 
thereby avoiding a situation with high potential for confounding 
by indication. This effort is needed both when using the specific 
causality algorithm and when dealing with case–control data.

Some years ago, the accepted hypothesis was that TEN is nearly 
always drug related, whereas SJS could be induced by drugs, 
infections, or both.22 Epidemiologic studies challenged that 
hypothesis by demonstrating that the etiologic fraction for drugs 
was exactly the same (~65%) in both SJS and TEN.23 At that time, 
some of us believed that the missing fraction (to explain 100% 
causality) could be accounted for by a few dozens of drugs that 
were too rarely used to allow for multivariate analysis, in other 
words, that epidemiologic studies did not have enough power 
to detect a RR <3. Interestingly, when applying ALDEN, we 
observed a few cases that were attributable to these types of drugs 
and that these were not assessable with case–control analysis. But 

their numbers remained low, and 15% of the patients either had 
taken no drug at all or had taken only drugs for which causality 
was “unlikely” or “very unlikely.” Information bias may explain 
a small percentage of these 15% but certainly not all. We have to 
accept the existence of “idiopathic,” probably not drug-related, 
cases of SJS and TEN.

The results of this work have several important practical 
implications. For decision makers, whether in pharmaceutical 
companies or regulatory agencies, an overall evaluation of 
risk is of tremendous importance. For research purposes, 
immunologic mechanisms as well as genetic predisposition 
factors appear to be drug specific.19,20,24–25 Investigations need 
individual causality assessments that are not provided by epi-
demiology alone. The fact that this algorithm provides fairly 
good individual assessments of drug causality in SJS/TEN, 
comparable to risk estimates with case–control analysis, can 
be a source of appreciable savings in costs. In the context of EN, 
the limits of case–control analyses are linked to the rarity of 
both the disease and the exposure to certain drugs. Collecting 
cases through a registry is far less expensive than conducting 
case–control studies.

However, the use of ALDEN requires good data. A precise 
clinical history of the patient is needed to determine the index 
day and to document alterations in liver and kidney function 
because these are taken into account in determining the pres-
ence of the drug in the body at the time of onset of the adverse 
reaction. A comprehensive collection of exposures to all drugs 
taken by the patient must be ensured, with precise dates and 
details of previous exposures and reactions. Infections as pos-
sible causes of SJS/TEN are currently not integrated into the 
scoring system because there is still a lack of good evidence in 
this regard, despite some persuasive case reports. However, the 
category “other possible etiological alternatives” will allow for 
this to be factored into the score when needed.

ALDEN will permit more accurate, patient-specific informa-
tion about the (usually single) medication that is contraindicated 
and about the many drugs that can be used again with safety. It 
should also help to clarify the legal issues raised by the persons 
who have found themselves on the wrong side of the risk/benefit 
ratio with respect to medications.

This algorithm is specific to SJS and TEN because it includes 
some characteristics that are specific to these diseases. This spe-
cificity precludes its application in other adverse events, even 
those related to the skin, without specific changes in the algo-
rithm and proper evaluation.

The data generated by ALDEN and presented in this article 
relate to a large series of patients and are compared with case–
control data from the same set of patients. The outcome of this 
comparison suggests that ALDEN can be a useful tool for assess-
ing drug causality in SJS and TEN.

Methods
Throughout the article, the term “drug” refers to the international denom-
ination of each active component of a medication.

Construction of an algorithm specific to EN. With an algorithm that had 
been used for many years and that was based mainly on certain time 
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windows of exposure and the notoriety of drugs, the expert committee 
on severe skin reaction of the German Registry was able to identify highly 
suspect drugs but failed to clearly separate drugs with a lower likelihood 
of causing SJS/TEN from those that were not associated with the condi-
tion at all.26 Therefore, a combined effort was made to elaborate a new 
specific algorithm for causality assessment in SJS/TEN on the basis of six 
parameters, as detailed in Table 5:

1. Time lag from initiation of drug intake to onset of reaction
Timing was categorized as suggestive, compatible, likely, unlikely, or 

excluded based on data from previous publications regarding the effects 
of the drug.14,17

2. Probability that the drug was present in the body at the onset of the 
reaction

This was estimated as definite, doubtful, or excluded in cases in which 
the drug had been discontinued before the onset of the reaction; the 
estimation was carried out on the basis of known pharmacokinetic 
parameters and after taking into account renal or hepatic dysfunction 
and possible drug interactions.

For evaluating parameters 1 and 2, the date of onset of the reaction 
had to be specified. We used the probable “index day” as defined in the 
SCAR study.14

3. Prechallenge/rechallenge
Rechallenge is very rare. We defined “prechallenge” as administration 

of the same drug to the same patient in the past. Such an occurrence, 
which is more frequent than rechallenge, was given a similar weight. 
To classify drugs as the same or similar with respect to prechallenge, we 
used the World Health Organization’s anatomical therapeutic chemical 
(ATC) codes (http://www.whocc.no/atcddd). Drugs were considered to 
be similar if they shared an ATC code up to the fourth level (chemical 
subgroup). Drugs were considered to be the same if they shared an ATC 
code up to the fifth level (chemical substance).
4. Dechallenge

Dechallenge was taken into account in only one way, i.e., to decrease 
the causality score for drugs that had been continued beyond the pro-
gression phase of the disease. All other situations were considered to be 
uninformative.
5. Drug notoriety

This was derived from previous results of the SCAR study.14 An esti-
mation of the RRs (determined by multivariate analysis when possible, 
univariate otherwise, restricted to drug exposure in the first 8 weeks after 
starting the drug in the case of drugs used for long-term treatments) 
allowed us to define the following categories of drugs in relation to EN:
•	 “Strongly associated drugs” are those significantly associated with 

a lower limit of the confidence interval >5.
•	 “Associated drugs” are those that are significantly associated with 

lower limits of RRs.
•	 “Suspected drugs” include drugs about which several previous 

reports in this regard have been published (drugs “under 
surveillance”) and drugs with ambiguous epidemiologic results.

•	 “Not suspected drugs” are those with both a nonsignificant RR 
and an upper limit of the confidence interval <3. All other drugs, 
including those newly released to the market, were considered to 
have an “unknown” notoriety.

6. Other possible etiological alternatives
There is growing suspicion that some infectious agents, such as 

Mycoplasma pneumoniae, may cause SJS or TEN. While awaiting better 
evidence, we considered only medications as plausible causes of these 
diseases. Evaluation of the sixth category was carried out only after the 
first five had been completed for each drug taken by a patient, by compar-
ing all the “intermediate scores” and downgrading the scores of all drugs 
except the most probable one, provided its score was >3.

In practice, each parameter was scored as shown in Table 5. A total 
score, varying from –12 to +10, was assigned to each drug taken by each 
patient. The scores attributed to each drug were pooled in categories 
aimed at reflecting causality: “very probable”: score ≥6; “probable”: score 

4–5; “possible”: score 2–3; “unlikely”: score 0–1; and “very unlikely”: 
score <0. The boundaries between categories were arbitrarily set by 
experts based on the overall distribution of score values; these experts 
were blinded to the relationship between score values and specific 
medications.

Origin of the SJS/TEN cases used in algorithm evaluation. The algorithm 
was applied to the 379 cases enrolled in EuroSCAR, a case–control study 
of SJS and TEN, conducted in six countries (Austria, France, Germany, 
Israel, Italy, and the Netherlands) between April 1997 and December 
2001.15 The cases and controls were validated by an expert committee 
(that was blinded to details of drug exposures) on the basis of the medical 
histories, medical records, clinical photographs, and biopsies. Detailed 
medication information was collected by trained interviewers using a 
standardized questionnaire. Global drug risks had been quantified, 
with multivariate RRs restricted to recent initiation of the drug (within 
8 weeks).15

Application of the algorithm. The algorithm was first applied by a single 
investigator, a pharmacist with training in pharmacovigilance but without 
any experience in SJS/TEN, to every drug present in the patient at any 
time in the 2-week period before the index day (4 weeks for drugs with 
long elimination half-life values).

Validation of the algorithm
Interobserver reproducibility: The medications (101 drug components) 
that were being taken by 14 EuroSCAR patients (a random sample) were 
re-scored for EN causality by another investigator, and the scores gener-
ated by the two investigators were compared.

Comparison with the French pharmacovigilance method: All medica-
tions (697 drug components) taken by 100 French patients (a random 
sample of those included into the EuroSCAR study) were also evalu-
ated using the causality assessment method used by French pharma-
covigilance.27 This allowed a comparison of the outcomes of the two 
methods.

Comparison with the results of EuroSCAR case–control analysis: These 
comparisons were conducted for three categories of drugs.
1.	 For drugs found to be associated with a significantly elevated RR 

in case–control analyses, an etiologic fraction (or attributable risk) 
was estimated using the following formula:28

The RR values were those obtained from multivariate analysis, taking 
into account risk assessment for <8 weeks of exposure to drugs; the 
8-week cutoff was applied for the analysis because it has been dem-
onstrated that no significant risk persists after 8 weeks of use when 
appropriate (drugs for long-term use).15 If multivariate analysis was not 
feasible, we used the lower figure of the 95% confidence interval provided 
by univariate analysis. For each of these drugs, an algorithm-derived 
attributable risk was calculated as the proportion of patients for whom 
the drug score was ≥4 (i.e., probable or very probable causality).
2.	 Drugs of common use (exposure rate of at least 1.5% of controls) 

considered in the EuroSCAR study as “probably not associated” on 
the basis of two criteria: multivariate RR not significantly different 
from 1 and upper limit of the 95% confidence interval <3. For these 
medications, an etiologic fraction was not calculable (or would be 
zero).

3.	 Drugs for which the case–control results had been considered 
inconclusive in two situations: (i) insufficient numbers of exposed 
cases or controls to allow a multivariate analysis to be carried out 
or (ii) a significant or borderline RR in multivariate analysis but a 
high potential for confounding by indication (e.g., analgesics and 
corticosteroids).

EF
RR 1

RR
% exposed  cases= − ×
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