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ABSTRACT

Purpose: Severe cutaneous adverse reactions (SCARs), including Stevens-Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN), and drug reaction with eosinophilia and systemic
symptoms (DRESS) to antiepileptic drug (AED), are rare, but result in significant morbidity
and mortality. We investigated the major culprit drugs, clinical characteristics, and clinical
course and outcomes of AED-induced SCARs using a nationwide registry in Korea.
Methods: A total of 161 patients with AED-induced SCARs from 28 referral hospitals

were analyzed. The causative AEDs, clinical characteristics, organ involvements, details

of treatment, and outcomes were evaluated. We compared the clinical and laboratory
parameters between SJS/TEN and DRESS according to the leading causative drugs. We
further determined risk factors for prolonged hospitalization in AED-induced SCARs.
Results: Carbamazepine and lamotrigine were the most common culprit drugs causing
SCARs. Valproic acid and levetiracetam also emerged as the major causative agents. The
disease duration and hospital stay in carbamazepine-induced SJS/TEN were shorter than
those in other AEDs (P< 0.05, respectively). In younger patients, lamotrigine caused higher
incidences of DRESS than other drugs (P= 0.045). Carbamazepine, the most common
culprit drug for SCARs, was associated with a favorable outcome related with prolonged
hospitalization in SJS (odds ratio, 0.12; 95% confidence interval, 0.02-0.63, P= 0.12), and
thrombocytopenia was found to be a risk factor for prolonged hospitalization in DRESS.
Conclusion: This was the first large-scale epidemiological study of AED-induced SCARs in
Korea. Valproic acid and levetiracetam were the significant emerging AEDs causing SCARs
in addition to the well-known offending AEDs such as carbamazepine and lamotrigine.
Carbamazepine was associated with reduced hospitalization, but thrombocytopenia was a
risk factor for prolonged hospitalization. Our results suggest that the clinical characteristics
and clinical courses of AED-induced SCARs might vary according to the individual AEDs.

Keywords: Antiepileptic drugs; Stevens-Johnson syndrome; toxic epidermal necrolysis

INTRODUCTION

Patients receiving antiepileptic drugs (AEDs) suffer from various adverse drug reactions
(ADRSs)."* Most of these ADRs are type A, which are acute and related to the pharmacologic
properties of the drugs. They usually develop after the initiation of a drug or during dose
escalation and typically decrease over time or after dose reduction. On the other hand,
unpredictable and idiosyncratic type B reactions occur in 3%-10% of the patients treated with
AEDs, which range from mild maculopapular eruptions to serious and life-threatening severe
cutaneous adverse drug reactions (SCARs), such as Stevens-Johnson syndrome (SJS), toxic
epidermal necrolysis (TEN), and drug reaction with eosinophilia and systemic symptoms
(DRESS).>* They usually arise during the first few weeks of treatment and can be reversed
after discontinuation of the offending drug. Delayed recognition and intervention can
increase the risk of morbidity and mortality.” Aromatic anticonvulsants, including phenytoin
(PHT), phenobarbital (PHB), and carbamazepine (CBZ), are the most common AEDs casing
various cutaneous hypersensitivity reactions including SCARs.®’ Recently, lamotrigine (LTG)
which is structurally different from other aromatic AEDs, have also been reported to cause
skin rashes and even SCARs.*?
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ADRSs to AEDs are the leading causes of treatment failure and are strong predictors of
impaired health-related quality of life in patients with epilepsy, independent of seizure
outcomes.* Although non-serious drug eruptions are relatively frequent with AEDs, the
incidence of SCARs with AEDs is known to be 1-10 in 10,000 patients.' Despite a low
incidence rate, the mortality rate of SJS/TEN and the DRESS is 10%—40%. Moreover,
unnecessary hospitalization and extension of hospital stay by SCARs are often unavoidable,
resulting in a significantly higher medical expense. Therefore, AED-induced SCARs are a
significant burden not only from the medical point of view but also from the socioeconomic
aspects.!H?

Although several published reports are describing the clinical characteristics, causative
agents, and risk factors of AED-induced SJS/TEN and DRESS,**!%3. there have been quite

a few reports to date comparing the differences between SJS/TEN and DRESS. The variation
in the incidence and risk factors of SCARs among different ethnic populations across their
genetic constitutions have been reported.” Therefore, it is relevant and necessary to perform
comprehensive studies on the characteristics of AED-induced SCARSs in Asian countries
including Korea.

In this study, we investigated the major culprit drugs, clinical characteristics, and clinical
courses and outcomes of AED-induced SCARs comparing the similarities and differences
between AED-induced SJS/TEN and DRESS using a nationwide SCARs registry in Korea.

MATERIALS AND METHODS

Data collection and study subjects

A web-based Korean SCARs registry was built in 2014. This registry was based on the
Regional Pharmacovigilance Center (RPVC) pilot project of the Korean Food and Drug
Administration (KFDA) which has played a crucial role in the Korean Pharmacovigilance
System Administration.’® Thirty-six general hospitals, including 27 RPVC, participated in
the Korean SCARs registry, which was opened for enrollment of the SCAR cases occurring
between 2010 and 2015. All physicians involved in maintaining the registry were allergy
specialists. We have evaluated the medical history, offending drugs, and causal relationships
between the drugs and the reactions in each hospital and reported the information to the
registry. This study was approved by the Institutional Review Board committee of each
participating study center (Hallym University Dongtan Sacred Heart Hospital, HDT 2016-01-
001, etc.).

The diagnosis of SJS and TEN was based on the diagnostic criteria proposed by the RegiSCAR
study group.” SJS/TEN is characterized by widespread exanthema or blisters with skin
detachment of < 10% of the body surface area (BSA) in SJS, 10%-29% in an overlap of SJS/
TEN, and > 30% in TEN. The inclusion criteria of DRESS were a suspected drug reaction
with an acute skin rash, the involvement of at least 1 internal organ, abnormalities in blood
parameters including the elevation of liver enzyme, leukocytosis, atypical lymphocytosis or
eosinophilia, and a body temperature > 38°C. The patients who met >3 of these criteria were
considered DRESS.® In all cases, causality evaluation using the World Health Organization-
Uppsala Monitoring Centre (WHO-UMC) causality assessment system was performed, and
‘certain,’ ‘probable,’ and ‘possible’ cases were recruited.’?° Total of 745 SCAR cases were
registered; 384 cases of SJS or TEN, and 361 cases of DRESS. Among 1,393 drugs suspected
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as culprit drugs, main causative agents of SCARs in Korea were allopurinol (13.8%),
carbamazepine (9.3%), and vancomycin (4.7%). We enrolled a total of 161 patients with AED-
induced SCARs, which account for 21.6% of all SCARs cases. Data from the included patients
treated with AEDs including CBZ, PHT, LTG, PHB, valproic acid (VPA), fosphenytoin,
levetiracetam (LEV), zonisamide, and oxcarbazepine (OXC) were obtained. The names of the

offending AEDs, clinical manifestations, hospital courses, time intervals from the onset of
symptoms to the day of resolve/discharge (disease duration), time intervals from the drug
exposure to the onset of symptoms (latent period), organ involvements, laboratory data,
complications, and outcomes were all analyzed.

Statistical analyses

The data are represented as the mean * standard deviation (SD) if normally distributed, or the
median and range if otherwise. The differences in the characteristics of the study participants
were compared across subgroups with the y? test or Fisher's exact test for the categorical
variables, and analysis of variance with Schefté's post-hoc test or Kruskal-Wallis test with
Dunn's post-hoc test for the continuous variables, as applicable. Normality tests for distribution
of data were performed using Shapiro-Wilk's test. Univariate and multivariate logistic
regression analyses were performed to identify prognostic factors which were independently
associated with prolonged hospitalizations. A multivariate model was created using a
backward elimination method, and the probability was set at 0.05 for removal. Odds ratio
(OR) with 95% confidence interval (CI) were calculated for prognostic factors associated with
prolonged hospitalizations. All statistical analyses were performed with SPSS version 24.0
(SPSS Inc., Chicago, IL, USA), and a Pvalue of < 0.05 was considered statistically significant.

RESULTS

Demographic data

The demographic characteristics of the study subjects are summarized (Table 1). Among

161 patients with ADE-induced SCARs, 56 had SJS (34.87%), 16 had TEN (n =5) + SJS/TEN
overlap (n =11) (9.9%), and 89 had DRESS (55.3%). There were no significant differences in
the age of onset and sex among the 3 groups. The latent period tended to be longer in DRESS
(33 £26.6 days) than in the other 2 groups (29.6 + 33.2 days in SJS, 29.5 +17.7 days in TEN

+ SJS/TEN overlap, P =0.201). The median duration of the disease was 23.7 days, and there
was no significant difference among the 3 groups. We have further investigated information
about past exposure drugs and found that 4 people had been prescribed the same medication
as the causative drug of SCARs (3 for carbamazepine, 1 for levetiracetam), except for one
who has inaccurate information. The underlying allergic diseases, such as asthma, allergic
rhinitis, atopic dermatitis, and drug allergy; and comorbidities, such as diabetes mellitus,
hypertension, liver diseases, chronic kidney diseases, rheumatic diseases, and infections
were similar between the groups. Interestingly, the malignancy rates were higher in SJS
(14.3%) and TEN + SJS/TEN overlap (23.1%) than in DRESS (6.4%), without any significant
difference (P=0.083). Among a total of 15 patients with malignancy, six patients had a brain
tumor, and one patient had brain metastasis from lung cancer. They took AEDs to prevent
seizure. The rest of the patients were prescribed AEDs for pain control (n = 4), seizure control
(n=2), and spasm control (n =1). One patient could not determine the reason.
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Table 1. The baseline characteristics of patients

Characteristics Overall SJS TEN + SJS/TEN overlap DRESS P value

All patients 161 (100.0) 56 (34.8) 16 (9.9) 89 (55.3)

Age (yr) 51.6 +18.3 53.1+20.0 51.4 +15.4 50.6 +17.8 0.573
<20 10 (6.2) 5(8.9) 0 (0.0) 5 (5.6) 0.754
20-39 32 (19.9) 9 (16.1) 3(18.8) 20 (22.5)

40-59 65 (40.4) 20 (35.7) 8 (50.0) 37 (41.6)
> 60 54 (33.5) 29 (39.3) 5 (31.3) 27 (30.3)

Sex 0.572
Male 79 (49.1) 27 (48.2) 6 (37.5) 46 (51.7)

Female 82 (50.9) 29 (51.8) 10 (62.5) 43 (48.3)

Latent period (day) 31.5 + 29.0 (0-182) 29.6 + 33.2 (0-182) 929.5 + 97.0 (1-100) 33.0 + 26.6 (0-177) 0.201

Disease duration (day) 93.7 £16.5 (4-104) 1.1+ 9.2 (4-54) 33.4 + 4.6 (10-91) 93.5 + 17.7 (4-104) 0.135

Allergic disease
Asthma 3(2.3) 1/45 (2.2) 0/10 (0.0) 9/77 (2.6) 1.000
Allergic rhinitis 3(2.3) /45 (4.4) 0/10 (0.0) 1/78 (1.3) 0.647
Atopic dermatitis 0 (0.0) 0/43 (0.0) 0/10 (0.0) 0/77 (0.0) -
Drug allergy 11(9.3) 5/38 (13.2) 1/11 (9.1) 5/69 (7.2) 0.569
Previous antiepileptic drug exposure 5(4.6) 1/43 (2.3) 0/1 (0.0) 4/55 (7.3) 0.514
Diabetes mellitus 21 (15.0) 6/49 (12.2) 3/13 (23.1) 12/78 (15.4) 0.557
Hypertension 46 (31.7) 16/49 (32.7) 4/12 (33.3) 26/84 (31.0) 0.963
Liver disease 4(2.8) 1/49 (2.0) 0/12 (0.0) 3/81(3.7) 1.000
Chronic kidney disease 6 (4.3) 1/49 (2.0) 1/11 (9.1) 4/81 (4.9) 0.399
Rheumatic disease 2 (1.5) 0/45 (0.0) 0/10 (0.0) 2/76 (2.6) 0.598
Infection 23 (16.8) 10/46 (21.7) 3/12 (25.0) 10/79 (12.7) 0.272
Malignancy 15 (10.7) 7/49 (14.3) 3/13 (23.1) 5/78 (6.4) 0.083

Values are expressed as number (%) or mean = standard deviation (range).
SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; DRESS, drug reaction with eosinophilia and systemic symptoms.

offending drugs for AED-induced SCARs

In all the cases of SCARs, CBZ was the most common offending drug, followed by LTG, VPA,
PHT, and LEV (Figure). In the 56 cases of SJS, 28 (50%) were caused by CBZ, followed by LTG
(21.4%), PHT (16.1%), VPA (12.5%), and LEV (3.6%). Similarly, CBZ was the most common
causative drug in TEN + SJS/TEN overlap, followed by LTG, VPA. In the 89 cases of DRESS, 48
(53.9%) were caused by CBZ, followed by VPA (15.7%), LTG (14.6%), LEV (10.1%), and PHT
(7.9%). Most of SJS and TEN were caused by CBZ, LTG, and VPA, whereas DRESS was caused
by CBZ, VPA, and LTG, respectively.

60 - 539 m SJS
50 L 50.0 W TEN+SJS/TEN overlap
43.8 W DRESS
40 +
® 30 - 25.0
21.4
2r W6 g 2
10 +
0 o i o o
Carbamazepine  Lamotrigine Valproic acid Phenytoin Levetiracetam Oxcarbazepone Phenobarbital Zonisamide Fosphenytoin

Figure. Causative drugs of SJS, TEN+SJS/TEN overlap, and DRESS.
SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; DRESS, drug reaction with eosinophilia and systemic symptoms.
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Clinical manifestations and laboratory findings of AED-induced SCARs

The clinical features and laboratory findings of the included patients are summarized in Table 2.
Fever at presentation was more frequently found in DRESS than in the other 2 groups, without
statistical significance (70.8% in DRESS, 53.7% in SJS, 68.8% in TEN + SJS/TEN, P= 0.110). Most
of the patients had various types of cutaneous involvements. Skin detachment was significantly
increased in TEN + SJS/TEN overlap (62.5%) compared to SJS (26.8%) and DRESS (6.7%).

In a post hoc analysis, there were significant differences between the 3 groups. Vesicle/bullae,
Nikolsky's sign, and mucosa involvement also showed significant differences, respectively.

There was no difference between SJS and TEN + SJS/TEN, while there was a statistical difference
between these 2 groups and DRESS in the post hoc analysis. In laboratory findings, the proportion
of leukocytosis, atypical lymphocytosis, hepatic involvement, and renal involvement were

more increased in DRESS than in the other 2 groups, without statistical differences (P> 0.05,
respectively). On the other hand, peak leukocytosis, peak eosinophilia, and lymphadenopathy
showed significant differences among the 3 groups (P < 0.05, respectively); however, statistical
significance were shown only between the SJS and DRESS groups in the post hoc analysis.
Eosinophilia and peak alanine transferase (ALT) level showed a significant difference among the
3 groups, while post hoc analyses did not show any significant differences.

Treatment and outcomes in AED-induced SCARs

We classified the treatment options into 4 categories: conservative care, systemic
corticosteroids, intravenous immunoglobulin (IVIG), and a combination of a systemic
corticosteroid and IVIG (Table 3). Fourteen patients (9.3%) were managed only with
conservative care. Nine patients were treated with antihistamines, and 1 patient was provided
a topical steroid. Others had inaccurate information. The percentage of patients treated with

Table 2. Clinical manifestations and laboratory findings

Characteristics Overall SJS SJS/TEN overlap DRESS Pvalue Posthoc*
All patients, No. (%) 161 (100.0) 56 (34.8) 16 (9.9) 89 (55.3)
Fever 103 (64.8) 29/54 (53.7) 11/16 (68.8) 63/89 (70.8) 0.110

Duration (day) (min-max) 5.6 + 8.0 (1-60) 5.1+ 5.1 (1-20) 1.4 +17.0 (1-60) 4.7+6.0 (1-33) 0.213
Cutaneous involvement

Erythema 156 (96.9) 54/56 (96.4) 16/16 (100.0) 86/89 (96.6) 1.000

Targetoid lesion 20 (12.4) 9/56 (16.1) 3/16 (18.8) 8/89 (9.0) 0.279

Detachment 31(19.3) 15/56 (26.8) 10/16 (62.5) 6/89 (6.7) 0.000 b»>a>c

Vesicle/bullae 31(19.3) 19/56 (33.9) 9/16 (56.3) 3/89 (3.4) 0.000 a=b>c
Nikolsky's sign 18 (27.3) 9/24 (37.5) 8/9 (88.9) 1/33 (3.0) 0.000 a=b>c
Mucosal involvement 78 (59.1) 49/53 (92.5) 12/13 (92.3) 17/66 (25.8) 0.000 a=b>c
Leukocytosis 60 (75.0) 15/24 (62.5) 7/1 (63.6) 38/45 (84.4) 0.088

Peak leukocytosis 16,381 + 9,365 12,861 + 7,207 12,534 + 5,650 19,200 + 10,221 0.009 c>a

(2,029-53,090) (2,029-32,000) (6,600-26,660) (4,450-53,090)

Atypical lymphocytosis 29 (42.3) 3/12 (25.0) 1/4 (25.0) 18/36 (50.0) 0.276
Eosinophilia 80 (65.0) 19/37 (51.4) 5/10 (50.0) 56/76 (73.7) 0.037 NS

Peak eosinophil count 2,001 + 3,445 (7-27,100) 980 + 1,402 (49-6,009) 719 + 788 (7-2,100) 2,667 + 4,136 (9-27,100)  0.003 c>a
Thrombocytopenia 21(20.8) 5/32 (15.6) 4/14 (28.6) 12/55 (21.8) 0.579
Lymphadenopathy 14 (19.7) 1/24 (4.2) 1/8 (12.5) 12/39 (30.8) 0.019 c>a
Hepatic involvement 91 (70.5) 30/44 (68.2) 7/14 (50.0) 54/71 (76.1) 0.150

Peak ALT (IU/L) 317.3 + 621.3 (7-4,930) 186.7 + 238.9 (7-1,175) 120.0 + 99.2 (22-381) 437.2 +797.3 (13-4,930)  0.029 NSt
Renal involvement 31(36.5) 5/25 (20.0) 3/11(27.3) 23/49 (46.9) 0.058

Peak Scr (mg/dL) 1.3+1.3(0.3-8.4) 1.0 0.8 (0.3-4.5) 1.6 £ 2.3 (0.5-8.4) 1.3 +1.2 (0.4-5.6) 0.296

Values are expressed as median with either range or percentage in parenthesis. Fever > 38°C, leukocytosis > 10,000/pL, eosinophilia > 500/pL, thrombocytopenia
<100,000/pL, renal involvement (Scr > 1.0 mg/dL), hepatic involvement (ALT > 80 IU/L); For post hoc pairwise comparison for categorical variables, Bonferroni's
method was applied to adjust the significance level of alpha due to the multiple testing.

SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; DRESS, drug reaction with eosinophilia and systemic symptoms; ALT, alanine transaminase;
Scr, serum creatinine; NS, not significant.

*Abbreviation for post hoc analysis: (a) for SJS, (b) for TEN+SJS overlap, and (c) for DRESS; TP values derived from post hoc pairwise comparison were not
statistically significant.
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Table 3. Treatment options and outcomes

Characteristics Overall SJS TEN + TEN/SJS overlap DRESS P value Posthoc®
Treatment options
Conservative 14 (9.3) 1/56 (1.8) 0/15 (0.0) 13/80 (16.3) 0.007 c>a
Corticosteroids™
Use 141 (89.2) 54/56 (96.4) 16/16 (100.0) 71/86 (82.6) 0.013 asc
Duration (day) 97.2+58.9 (0-379)  21.5 + 44.9 (0-276) 95.8 + 41.8 (0-169) 31.8 +70.4 (0-379) 0.352
Maximal dose (mg/day) 60 (5-1,000) 45 (8-500) 50 (5-250) 60 (5-1,000) 0.179
IVIG
Use 20 (13.2) 11/56 (19.6) 5/15 (33.3) 4/80 (5.0) 0.002 a=b>c
Maximal dose (g/day) 33.8 (3.5-250) 12.0 (3.5-70) 50.0 (22.5-70) 33.8 (18.5-250) 0.360
Both corticosteroids and IVIG 19 (12.6) 10/56 (17.9) 5/15 (33.3) 4/80 (5.0) 0.003 a=b>c
Hospital course and outcome
Development during admission 23 (14.6) 4/54 (7.4) 3/16 (18.8) 16/87 (18.4) 0.150
Hospitalization period (days) 20.2 +20.3 17.0 £12.1 31.7 271 20.2 +22.4 0.030 b>c
ICU transfer 6 (4.0) 0/55 (0.0) 2/16 (12.5) 4/78 (5.1) 0.038 NSt
Clinical outcome
Recovery 142 (88.8) 47 (83.9) 10 (66.7) 85 (95.5) 0.002 c>b
Sequelae 12 (7.5) 7 (12.5) 3(20.0) 2(2.9) 0.006 NS
Skin 9 (75.0) 6/7 (85.7) 2/3 (66.7) 1/2 (50.0) 0.714
Eye 4(33.3) 1/7 (14.3) 92/3 (66.7) 1/2 (50.0) 0.965
Death 6 (3.8) 2 (3.6) 2 (13.3) 2(2.9) 0.168

For post hoc pairwise comparison for categorical variables, Bonferroni's method was applied to adjust the significance level of alpha due to the multiple testing.
ICU, intensive care unit; IVIG, intravenous immunoglobulin.

*Corticosteroids dose: equivalent to prednisolone; TAbbreviation for post-hoc analysis: (a) for SJS, (b) for TEN+SJS overlap, and (c) for DRESS; ¥P values derived
from post-hoc pairwise comparison were not statistically significant.

conservative care was higher in DRESS than in SJS (P=0.007). The majority of SCAR patients
(89.2%) received systemic corticosteroids. The frequency of use of systemic corticosteroids
was higher in SJS than in DRESS (96.4% vs. 82.6%, P=0.013). A total of 20 patients were
treated with IVIG in addition to corticosteroid. The frequency of use of IVIG was higher in
both SJS and TEN + SJS/TEN overlap than in DRESS.

The duration of hospital stay was significantly longer in the TEN + SJS/TEN overlap group
than in the DRESS group, whereas the recovery rate was significantly higher in the DRESS
than in TEN + SJS/TEN overlap. Most of the patients recovered fully, but twelve patients

had sequelae. The overall mortality rate was 3.8% (6 out of 161), and higher mortality was
observed in TEN + SJS/TEN overlap (13.3%), followed by SJS (3.8%) and DRESS (2.2%).
According to the causative drug for mortality, VPA was the most common drug causing death
(3 out of 6 deaths), followed by PHB, CBZ, and LTG (1 death each).

Comparison between the clinical course and outcomes of SCARs according to
the culprit drugs

We tried to evaluate the differences in the clinical characteristics and outcomes against major
culprit drugs, including CBZ, LTG, VPA, PHT, and LTV. Patients were re-classified into 2
groups as SJS/TEN and DRESS because of the limitation of case number (Tables 4 and 5). In
SJS/TEN, the latent period and disease duration were shorter with CBZ than with the other
AEDs (P=0.039), while post hoc analyses did not show any significant differences. The length
of drug administration in SJS/TEN was remarkably shorter with CBZ than with VPA (P= 0.047,
post hoc analysis). On the other hand, in DRESS, the age of onset was significantly lower with
LTG as compared to CBZ (P=0.026, post hoc analysis). There was no significant difference in
the latent period or disease duration between the drugs. Although there was no statistical
significance in a post hoc analysis, the length of hospital stay in VPA- and PHT-induced DRESS
was prolonged (P=0.027).
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Table 4. Clinical course and outcomes in SJS/TEN according to the major causative drugs

Characteristics Carbamazepine (n =35) Lamotrigine (n =16) Valproic acid (n = 9) Phenytoin (n =10) Levetiracetam (n = 3) Pvalue
Age (yr) 54 (15-81) 56 (15-69) 56 (15-70) 68 (2-84) 48 (37-83) 0.587
Female 17 (48.6) 9 (56.3) 6 (66.7) 5 (50.0) 1(33.3) 0.836
Latent period (day) 14 (0-151) 28 (3-182) 27 (0-182) 31 (19-91) 41 (22-47) 0.039"
Disease duration (day) 18 (4-91) 23 (12-97) 19 (6-91) 97 (16-35) 97 (27-31) 0.038"
Admission duration 14 (0-88) 20 (0-103) 42 (8-103) 21 (6-31) 17 (13-28) 0.035"
(day)
Intensive care unit care 1(2.9) 0 (0.0) 1(11.0) 0 (0.0) 0 (0.0) 0.435
Clinical outcome
Recovery 31(88.6) 12 (80.0) 4 (44.4) 8 (80.0) 3(100.0) 0.065
Sequelae 4(11.4) 2 (13.3) 2(22.2) 2 (20.0) 0 (0.0) 0.827
Skin 3(75.0) 2 (100.0) 1(50.0) 2 (100.0) - 1.000
Eye 2 (50.0) 0 (0.0) 1(50.0) 0 (0.0) - 0.600
Death 0 (0.0) 1(6.7) 3(33.3) 0 (0.0) 0 (0.0) 0.010

Values are expressed as median with range or number (%).
SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
*No significant difference by Dunn's post hoc test; tSignificant difference between carbamazepine and valproic acid (Dunn's post hoc test, P = 0.047).

Table 5. Clinical manifestations according to major causative drugs in DRESS

Characteristics Carbamazepine (n =48) Lamotrigine (n=13)  Valproic acid (n =14) Phenytoin (n =7) Levetiracetam (n = 9) Pvalue
Age (yr) 56 (15-89) 36 (9-61) 55 (1-77) 47 (39-72) 49 (25-76) 0.045"
Female 91 (43.8) 9 (69.2) 6 (42.9) 3 (42.9) 3(33.3) 0.484
Latent period (day) 33 (1-177) 18 (7-97) 31(11-38) 24 (1-38) 36 (1-104) 0.236
Disease duration (day) 18 (4-93) 17 (6-46) 27 (10-104) 18 (12-104) 18 (10-104) 0.441
Admission duration 12 (0-87) 11 (0-44) 925 (8-142) 26 (10-142) 13 (8-142) 0.027"
(day)
Intensive care unit care 3(6.7) 0 (0.0) 1(7.7) 0 (0.0) 0 (0.0) 1.000
Clinical outcome
Recovery 45 (93.8) 13 (100.0) 14 (100.0) 7 (100.0) 9 (100.0) 1.000
Sequelae 2 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000
skin 1(50.0) - - - - -
Eye 1(50.0) - - - - -
Death 1(2.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Values are expressed as median with range or number (%).
DRESS, drug reaction with eosinophilia and systemic symptoms.
*Significant difference between lamotrigine and carbamazepine (Dunn's post hoc test, P = 0.026); TNo significant difference by Dunn's post hoc test.

Prognostic factors of AED-induced SCAR

We evaluated the risk factors for prolonged hospitalization (> 3 weeks) (Supplementary Table S1).
Fever and use of VPA were significantly associated with prolonged hospitalization in both SJS/TEN
and DRESS. Leukocytosis and infections were shown as poor prognostic factors in SJS/TEN, while
thrombocytopenia was significantly associated with prolonged hospitalization in DRESS. In the
multivariate analysis, CBZ was found to be negatively associated with prolonged hospitalization
in SJS (OR, 0.08; 95% CI, 0.01-0.78; P=0.03). On the other hand, thrombocytopenia

was significantly associated with prolonged hospitalization in DRESS (OR, 6.52; 95% CI,
1.02-41.81; P=0.048) (Table 6).

DISCUSSION

We found that CBZ, LTG, VPA, PHT, and LEV were the most common culprit drugs causing
SCARs in Korea. The proportion of each phenotype of SCARs did not show any significant
difference across the individual AEDs; although there was no difference in statistical
analysis, the proportion of LEV-induced DRESS was higher than that of SJS/TEN by
LEV(Supplementary Table S2). The overall mortality rates were 3.8%, accounting for 3.6%
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Table 6. Risk factor analysis for prolonged hospitalization in SCARs

Variable Multivariate analysis
OR (95% CI) P value
SJS
Carbamazepine
Yes 0.08 (0.01-0.78) 0.030
No 1.00
DRESS
Thrombocytopenia
Yes 6.52 (1.02-41.81) 0.048
No 1.00

SCAR, severe cutaneous adverse drug reaction; SJS, Stevens-Johnson syndrome; DRESS, drug reaction with
eosinophilia and systemic symptoms; OR, odds ratio; Cl, confidence interval.

in SJS, 13.3% in TEN + SJS/TEN overlap, and 2.2% in DRESS. Interestingly, CBZ, which is the
most common causative agent, was a good prognostic factor for prolonged hospitalization.
Besides, thrombocytopenia was a risk factor for prolonged hospitalization in DRESS. SCARs
are rarely occurring drug hypersensitivity reactions, and the use of the antiepileptic drug is
not common. Thus, this study has provided us with insightful data on AED-induced SCARs
in Korea.

Both DRESS and SJS/TEN are T cell-mediated delayed hypersensitivity reactions. The clinical
manifestations of SCARs typically occur within 1-12 weeks after initiating drug therapy.>"*>*
In a recent study, the average latent period in AED-induced SCARs was found to be around 31
days (range 0-182 days), which is similar to other previous studies.* Therefore, it is necessary
to monitor the clinical symptoms and laboratory reports for at least 1 month after initiating
AEDs because early diagnosis and withdrawal of the culprit drug are essential to improve the
outcome in drug hypersensitivity reactions, especially SCARs.

Our results have shown that more than 50% of both SJS and TEN + SJS/TEN overlap group
had eosinophilia. Twenty-five percent of patients with SJS and TEN+ SJS/TEN overlap

had atypical lymphocytosis. Moreover, a considerable number of SJS/TEN patients also

had hepatic and renal involvements. Similarly, approximately 26% of the DRESS patients

had mucosal involvement, which is a characteristic feature of SJS/TEN. Therefore, our

results support the previous reports that both SJS/TEN and DRESS share some clinical and
laboratory features.?>*? These findings suggest that some patients might have both the
diseases co-existing at the same time. Further studies are needed to evaluate the frequency of
patients having common clinical features of both the diseases and the underlying mechanism
of their co-existence.

Aromatic AEDs, including PHT, CBZ, PHB, and LTG, are classified as high-risk drugs for ADRs
and also are the primary offenders causing SCARs. In the present study, CBZ and LTG were
the most common offending drugs causing SCARs, which is consistent with the previous
studies where aromatic AEDs including PHT, CBZ, PHB, and LTG are classified as high-risk
drugs for ADRs and also are the primary offenders causing SCARs.®* We have also found
that VPA and LEV more commonly caused SCARs in the Korean population. Hypersensitivity
reactions have been rarely observed in patients taking non-aromatic AEDs, such as VPA, LEV,
and vigabatrin.***° It has been reported that the incidence of LTG-induced hypersensitivity
was increased when VPA and/or other AEDs are administered concurrently.® In this study, a
total of 13 (8%) patients were treated with different AEDs as combination therapies. Among
them, VPA was the most commonly used drug, accounting for 69% (9/13) in the combination
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regimen (5 with LTG, 2 with PHT, 1 with LEV, and 1 with PTB). It should be, however, noted
that there was a considerable number of SCARs caused by VPA monotherapy.

LEV is a new-generation AED having a chemical structure different from the conventional
AEDs, and its use has rapidly increased in recent years. Several cases of LEV-induced
hypersensitivity reactions have been reported, although it is generally well tolerated.?>® In
our study, a total of 12 (7.5%) LEV-induced SCARs was reported. It might be explained by the
fact that non-aromatic AED-induced SCARs might be associated with some specific HLA
genotypes in the Korean population like with CBZ. Therefore, LEV-induced SCARs need to be
continuously monitored and studied.

The mortality rate of SCARs has been reported to be 10%—-40% ranging from approximately
10% in SJS to > 30% in TEN.* Recently, in the United States, the mean adjusted mortality
rates were found to be 4.8% for SJS and 14.8% for TEN between 2009 to 2012.% Similarly,

a recent study using a national medical insurance review system database in Korea have
shown that the in-patient mortality was 5.7% in DRESS and 15.7% in SJS/TEN.* Our data
showed that the mortality rate in DRESS, SJS, and TEN + SJS/TEN overlap was 2.2%, 3.6%,
and 13.3%, respectively. Although some recent studies have shown reduced mortality rates,
our results demonstrated especially lower mortality rate in TEN + SJS/TEN overlap than the
previous reports.®35%

Until now, there are no established therapies for SCARs. The previous results from a
RegiSCAR cohort could not confirm the beneficial effects of systemic corticosteroids on
reducing mortality in SCARs.*® A recent meta-analysis, however, showed that corticosteroids
and cyclosporine were associated with a decreased mortality rate as compared to a supportive
treatment in SJS/TEN.* In the present study, the majority of patients were treated with
systemic corticosteroids, and a total of 13.2% of patients were treated with IVIG. Although a
randomized controlled trial is lacking and there is much controversy regarding the benefits
of IVIG, our results suggest that IVIG or the combination of corticosteroids and IVIG might
reduce the mortality rate in SCARs

In our study, VPA was detected as the third most frequent AED causing SCARs, and all deaths
were associated with VPA monotherapy. In addition, VPA was associated with prolonged
hospitalization in SJS/TEN, suggesting that VPA might be related to more severe disease and
poorer outcomes in the Korean population. Interestingly, the latent period, disease duration,
and hospital stay with CBZ were shorter in SJS/TEN than in other drugs reflecting a better
prognosis. The age of onset of LTG-induced DRESS was significantly earlier than the other
drugs. The progress and prognosis of SCARs varied according to each AED, and further
studies are needed to elucidate these results.

The prognostic factors of SCARs are not well established. Until now, in addition to the
SCORe of Toxic Epidermal Necrosis (SCORTEN), various laboratory parameters including
hypernatremia, serum lactate dehydrogenase, and thrombocytopenia are suggested to be
prognostic factors in SJS/TEN.*4%42 In DRESS, the prognostic factors are also much less
established. In DRESS, various clinical manifestations, such as tachycardia, tachypnea,

and gastrointestinal bleeding; multiple underlying diseases; and abnormal laboratory
findings, such as eosinophilia, reactivation of human herpesvirus 6 (HHV-6), pancytopenia,
coagulopathy, and leukocytosis at presentation are considered.?>** Thrombocytopenia

is known as one of the hematologic manifestations in DRESS. It is also included in the
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diagnostic criteria presented by ResiSCARs (European registration of SCARs).* Various
visceral involvements, including gastrointestinal (GI) bleeding and the hemophagocytic

syndrome, were reported in DRESS.* Therefore, coagulopathy associated with
thrombocytopenia may affect the prognosis for DRESS syndrome. Large-scale studies are
needed to support this finding. Remarkably, the risk of prolonged hospitalization (> 3 weeks)
decreased in CBZ-induced SJS in the present study. The mean hospitalization period in
CBZ-induced SCARs was 15.6 days in SJS/TEN and 16.1 days in DRESS, which were around

4 days shorter than the mean hospitalization period of 20.2 days. To date, carbamazepine
has been recognized as a critical risk factor for SCARs.***4 In a retrospective study using
health insurance data for elderly Korean patients, CBZ was reported to increase the incidence
of SCARs by about ten times.” However, there have been no reports that CBZ-induced
SCARs have a good prognosis compared to all AED-induced SCARs as in this study. It is a
remarkable result that CBZ is a negative risk factor for the length of hospitalization. Those
can be explained by the fact that 1) CBZ is known to cause SCARs well so that clinicians can
detect it early and promptly stop the medication, and 2) indeed, the severity of CBZ-induced
SCARs may be less severe than SCARs by other AEDs.

There are several limitations to the present study. There were limited data with missing values
in some patients. Notably, we could not analyze the SCORTEN score and HHV-6 reactivation
in this study. Because the majority of patients were treated in various departments, they

have not been adequately assessed and tested in the beginning. Secondly, there were also

the possibilities of selection bias and wrong identification of the offending drug. Despite

a thorough check, we could not obtain the detailed history of pre-existing diseases and co-
medications used in the patients included. Thirdly, we could not verify the SCARs incidences
because hospitals that have prescribed causative drugs are different from those that enrolled
in the study. Also, it was hard to know the frequency of nationwide prescriptions unless we
look for the data from the Korea Insurance Corporation. Also, there might be AED-induced
SCAR patients missing from this study.

In conclusion, this is the first large-scale nationwide study of AED-induced SCARSs in Korea,
investigating prognostic factors as well as clinical characteristics common causative drugs
and clinical courses. CBZ and LTG are the most common culprit drugs in SCARs, and VPA
and LEV have emerged as the major causative agents. VPA was associated with a higher
mortality rate. CBZ was correlated negatively with prolonged hospitalization in SJS, while
thrombocytopenia is a risk factor for prolonged hospitalization in DRESS. Further studies
will be needed with a more substantial cohort of AED-induced SCARs to clarify drug-specific
characteristics and prognoses.
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Comparison of causative agents between SJS/TEN and DRESS groups

Click here to view

REFERENCES

1. Ye YM, Thong BY, Park HS. Hypersensitivity to antiepileptic drugs. Immunol Allergy Clin North Am
2014;34:633-43.
PUBMED | CROSSREF

2. Blaszezyk B, Szpringer M, Czuczwar SJ, Lason W. Single centre 20 year survey of antiepileptic drug-
induced hypersensitivity reactions. Pharmacol Rep 2013;65:399-409.
PUBMED | CROSSREF

3. Zaccara G, Franciotta D, Perucca E. Idiosyncratic adverse reactions to antiepileptic drugs. Epilepsia
2007;48:1223-44.
PUBMED | CROSSREF

4. Perucca P, Gilliam FG. Adverse effects of antiepileptic drugs. Lancet Neurol 2012;11:792-802.
PUBMED | CROSSREF

S. Gilliam F, Carter J, Vahle V. Tolerability of antiseizure medications: implications for health outcomes.
Neurology 2004;63:59-12.
PUBMED | CROSSREF

6. Yang CY, Dao RL, Lee TJ, Lu CW, Yang CH, Hung SI, et al. Severe cutaneous adverse reactions to
antiepileptic drugs in Asians. Neurology 2011;77:2025-33.
PUBMED | CROSSREF

7. Ordofez L, Salgueiro E, Jimeno FJ, Manso G. Spontaneous reporting of Stevens-Johnson syndrome and
toxic epidermal necrolysis associated with antiepileptic drugs. Eur Rev Med Pharmacol Sci 2015;19:2732-7.
PUBMED

8. Arif H, Buchsbaum R, Weintraub D, Koyfman S, Salas-Humara C, Bazil CW, et al. Comparison and
predictors of rash associated with 15 antiepileptic drugs. Neurology 2007;68:1701-9.

PUBMED | CROSSREF

9. Wang XQ, Lv B, Wang HF, Zhang X, Yu SY, Huang XS, et al. Lamotrigine induced DIHS/DRESS:
manifestations, treatment, and outcome in 57 patients. Clin Neurol Neurosurg 2015;138:1-7.
PUBMED | CROSSREF

10. Mockenhaupt M, Messenheimer J, Tennis P, Schlingmann J. Risk of Stevens-Johnson syndrome and toxic
epidermal necrolysis in new users of antiepileptics. Neurology 2005;64:1134-8.
PUBMED | CROSSREF

11.  Schlienger RG, Oh PI, Knowles SR, Shear NH. Quantifying the costs of serious adverse drug reactions to
antiepileptic drugs. Epilepsia 1998;39 Suppl 7:S27-32.
PUBMED | CROSSREF

12. Suh DC, Woodall BS, Shin SK, Hermes-De Santis ER. Clinical and economic impact of adverse drug
reactions in hospitalized patients. Ann Pharmacother 2000;34:1373-9.
PUBMED | CROSSREF

13. Bessmertny O, Pham T. Antiepileptic hypersensitivity syndrome: clinicians beware and be aware. Curr
Allergy Asthma Rep 2002;2:34-9.
PUBMED | CROSSREF

14. Sun D, Shi YW, Liu ZS, Liao WP, Wang FL, Wu GF, et al. Hypersensitivity syndrome reactions to
antiepileptic drugs, clinical characteristic and association with HLA-B*1502. Zhonghua Yi Xue Za Zhi
2010;90:2763-6.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2019.11.5.709 720


https://e-aair.org//DownloadSupplMaterial.php?id=10.4168/aair.2019.11.5.709&fn=aair-11-709-s001.xls
https://e-aair.org//DownloadSupplMaterial.php?id=10.4168/aair.2019.11.5.709&fn=aair-11-709-s002.xls
http://www.ncbi.nlm.nih.gov/pubmed/25017681
https://doi.org/10.1016/j.iac.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23744424
https://doi.org/10.1016/S1734-1140(13)71015-6
http://www.ncbi.nlm.nih.gov/pubmed/17386054
https://doi.org/10.1111/j.1528-1167.2007.01041.x
http://www.ncbi.nlm.nih.gov/pubmed/22832500
https://doi.org/10.1016/S1474-4422(12)70153-9
http://www.ncbi.nlm.nih.gov/pubmed/15557551
https://doi.org/10.1212/WNL.63.10_suppl_4.S9
http://www.ncbi.nlm.nih.gov/pubmed/22116946
https://doi.org/10.1212/WNL.0b013e31823b478c
http://www.ncbi.nlm.nih.gov/pubmed/26221907
http://www.ncbi.nlm.nih.gov/pubmed/17502552
https://doi.org/10.1212/01.wnl.0000261917.83337.db
http://www.ncbi.nlm.nih.gov/pubmed/26209753
https://doi.org/10.1016/j.clineuro.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/15824335
https://doi.org/10.1212/01.WNL.0000156354.20227.F0
http://www.ncbi.nlm.nih.gov/pubmed/9798759
https://doi.org/10.1111/j.1528-1157.1998.tb01682.x
http://www.ncbi.nlm.nih.gov/pubmed/11144691
https://doi.org/10.1345/aph.10094
http://www.ncbi.nlm.nih.gov/pubmed/11895623
https://doi.org/10.1007/s11882-002-0035-9
http://www.ncbi.nlm.nih.gov/pubmed/21162913
https://doi.org/10.3760/cma.j.issn.0376-2491.2010.39.007

Allergy, Asthma & AA] R
SCARs to Antiepileptic Drugs in Korea Immunology Research

15. Park HW, Kim SH, Chang YS, Kim SH, Jee YK, Lee AY, et al. The Fas signaling pathway is a common
genetic risk factor for severe cutaneous drug adverse reactions across diverse drugs. Allergy Asthma
Immunol Res 2018;10:555-61.

PUBMED | CROSSREF

16. Kang DY, Ahn KM, Kang HR, Cho SH. Past, present, and future of pharmacovigilance in Korea. Asia Pac
Allergy 2017;7:173-8.
PUBMED | CROSSREF

17.  Bastuji-Garin S, Rzany B, Stern RS, Shear NH, Naldi L, Roujeau JC. Clinical classification of cases of toxic
epidermal necrolysis, Stevens-Johnson syndrome, and erythema multiforme. Arch Dermatol 1993;129:92-6.
PUBMED | CROSSREF

18. Kardaun SH, Sidoroff A, Valeyrie-Allanore L, Halevy S, Davidovici BB, Mockenhaupt M, et al. Variability in
the clinical pattern of cutaneous side-effects of drugs with systemic symptoms: does a DRESS syndrome
really exist? Br ] Dermatol 2007;156:609-11.

PUBMED | CROSSREF

19. NebekerJR, Barach P, Samore MH. Clarifying adverse drug events: a clinician's guide to terminology,
documentation, and reporting. Ann Intern Med 2004;140:795-801.
PUBMED | CROSSREF

20. Edwards IR, Aronson JK. Adverse drug reactions: definitions, diagnosis, and management. Lancet
20005;356:1255-9.
PUBMED | CROSSREF

21. KangD, Kang M, Kim S, Kim S, Jin H, Ye Y, et al. Surveillance of severe cutaneous adverse reactions in
Korea based on a nationwide registry [abstract]. Allergy 2017;72:112. Abstract No. 0141.
CROSSREF

22. Yang MS, Kang MG, Jung JW, Song WJ, Kang HR, Cho SH, et al. Clinical features and prognostic factors
in severe cutaneous drug reactions. Int Arch Allergy Immunol 2013;162:346-54.
PUBMED | CROSSREF

23. Hamer HM, Morris HH. Hypersensitivity syndrome to antiepileptic drugs: a review including new
anticonvulsants. Cleve Clin ] Med 1999;66:239-45.
PUBMED | CROSSREF

24. Gogtay NJ, Bavdekar SB, Kshirsagar NA. Anticonvulsant hypersensitivity syndrome: a review. Expert Opin
Drug Saf 2005;4:571-81.
PUBMED | CROSSREF

25. WolfR, Matz H, Marcos B, Orion E. Drug rash with eosinophilia and systemic symptoms vs toxic
epidermal necrolysis: the dilemma of classification. Clin Dermatol 2005;23:311-4.
PUBMED | CROSSREF

26. TerakiY, Shibuya M, Izaki S. Stevens-Johnson syndrome and toxic epidermal necrolysis due to
anticonvulsants share certain clinical and laboratory features with drug-induced hypersensitivity
syndrome, despite differences in cutaneous presentations. Clin Exp Dermatol 2010;35:723-8.
PUBMED | CROSSREF

27. Kim]JY, Lee J, Ko YJ, ShinJY, Jung SY, Choi NK, et al. Multi-indication carbamazepine and the risk of
severe cutaneous adverse drug reactions in Korean elderly patients: a Korean health insurance data-based
study. PLoS One 2013;8:e83849.

PUBMED | CROSSREF

28. Galindo PA, BorjaJ, Gomez E, Mur P, Gudin M, Garcia R, et al. Anticonvulsant drug hypersensitivity. J
Investig Allergol Clin Immunol 2002;12:299-304.
PUBMED

29. Wang XQ, Shi XB, Au R, Chen FS, Wang F, Lang SY. Influence of chemical structure on skin reactions
induced by antiepileptic drugs--the role of the aromatic ring. Epilepsy Res 2011;94:213-7.
PUBMED | CROSSREF

30. Dar WR, Sofi N, Latief M, Dar IA, Kasana BA. Levetiracetam induced drug reaction with eosinophilia and
systemic symptom syndrome. Indian ] Dermatol 2016;61:235.
PUBMED | CROSSREF

31. Messenheimer J, Mullens EL, Giorgi L, Young F. Safety review of adult clinical trial experience with
lamotrigine. Drug Saf'1998;18:281-96.
PUBMED | CROSSREF

32. Krakow K, Walker M, Otoul C, Sander JW. Long-term continuation of levetiracetam in patients with
refractory epilepsy. Neurology 2001;56:1772-4.
PUBMED | CROSSREF

33. Mabhar PD, Wasiak J, Hii B, Cleland H, Watters DA, Gin D, et al. A systematic review of the management
and outcome of toxic epidermal necrolysis treated in burns centres. Burns 2014;40:1245-54.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2019.11.5.709 721


http://www.ncbi.nlm.nih.gov/pubmed/30088374
https://doi.org/10.4168/aair.2018.10.5.555
http://www.ncbi.nlm.nih.gov/pubmed/28765823
https://doi.org/10.5415/apallergy.2017.7.3.173
http://www.ncbi.nlm.nih.gov/pubmed/8420497
https://doi.org/10.1001/archderm.1993.01680220104023
http://www.ncbi.nlm.nih.gov/pubmed/17300272
https://doi.org/10.1111/j.1365-2133.2006.07704.x
http://www.ncbi.nlm.nih.gov/pubmed/15148066
https://doi.org/10.7326/0003-4819-140-10-200405180-00009
http://www.ncbi.nlm.nih.gov/pubmed/11072960
https://doi.org/10.1016/S0140-6736(00)02799-9
https://doi.org/10.1111/all.13250
http://www.ncbi.nlm.nih.gov/pubmed/24193402
https://doi.org/10.1159/000354918
http://www.ncbi.nlm.nih.gov/pubmed/10199060
https://doi.org/10.3949/ccjm.66.4.239
http://www.ncbi.nlm.nih.gov/pubmed/15934861
https://doi.org/10.1517/14740338.4.3.571
http://www.ncbi.nlm.nih.gov/pubmed/15896547
https://doi.org/10.1016/j.clindermatol.2005.02.001
http://www.ncbi.nlm.nih.gov/pubmed/19874350
https://doi.org/10.1111/j.1365-2230.2009.03718.x
http://www.ncbi.nlm.nih.gov/pubmed/24391836
https://doi.org/10.1371/journal.pone.0083849
http://www.ncbi.nlm.nih.gov/pubmed/12926190
http://www.ncbi.nlm.nih.gov/pubmed/21377329
https://doi.org/10.1016/j.eplepsyres.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/27057042
https://doi.org/10.4103/0019-5154.177777
http://www.ncbi.nlm.nih.gov/pubmed/9565739
https://doi.org/10.2165/00002018-199818040-00004
http://www.ncbi.nlm.nih.gov/pubmed/11425954
https://doi.org/10.1212/WNL.56.12.1772
http://www.ncbi.nlm.nih.gov/pubmed/24685065
https://doi.org/10.1016/j.burns.2014.02.006

Allergy, Asthma & AA] R
SCARs to Antiepileptic Drugs in Korea Immunology Research

34. Sekula P, Dunant A, Mockenhaupt M, Naldi L, Bouwes Bavinck JN, Halevy S, et al. Comprehensive survival
analysis of a cohort of patients with Stevens-Johnson syndrome and toxic epidermal necrolysis. ] Invest
Dermatol 2013;133:1197-204.

PUBMED | CROSSREF

35. Hsu DY, BrievaJ, Silverberg NB, Silverberg JI. Morbidity and mortality of Stevens-Johnson syndrome and
toxic epidermal necrolysis in United States adults. J Invest Dermatol 2016;136:1387-97.
PUBMED | CROSSREF

36. Yang MS, LeeJY, Kim J, Kim GW, Kim BK, Kim JY, et al. Incidence of Stevens-Johnson syndrome and toxic
epidermal necrolysis: a nationwide population-based study using national health insurance database in
Korea. PLoS One 2016;11:e0165933.
PUBMED | CROSSREF

37. Chan L, Cook DK. A 10-year retrospective cohort study of the management of toxic epidermal necrolysis
and Stevens-Johnson syndrome in a New South Wales state referral hospital from 2006 to 2016. Int ]
Dermatol. Forthcoming 2019.
PUBMED | CROSSREF

38. Lee HY, Dunant A, Sekula P, Mockenhaupt M, Wolkenstein P, Valeyrie-Allanore L, et al. The role of prior
corticosteroid use on the clinical course of Stevens-Johnson syndrome and toxic epidermal necrolysis: a
case-control analysis of patients selected from the multinational EuroSCAR and RegiSCAR studies. Br]
Dermatol 2012;167:555-62.
PUBMED | CROSSREF

39. Zimmermann S, Sekula P, Venhoff M, Motschall E, Knaus J, Schumacher M, et al. Systemic
immunomodulating therapies for Stevens-Johnson syndrome and toxic epidermal necrolysis: a systematic
review and meta-analysis. JAMA Dermatol 2017;153:514-22.
PUBMED | CROSSREF

40. Valeyrie-Allanore L, Bastuji-Garin S, Guégan S, Ortonne N, Bagot M, Roujeau JC, et al. Prognostic value of
histologic features of toxic epidermal necrolysis. ] Am Acad Dermatol 2013;68:€29-35.
PUBMED | CROSSREF

41. Schulz]T, Sheridan RL, Ryan CM, MacKool B, Tompkins RG. A 10-year experience with toxic epidermal
necrolysis. ] Burn Care Rehabil 2000;21:199-204.
PUBMED | CROSSREF

42. Bastuji-Garin S, Fouchard N, Bertocchi M, Roujeau JC, Revuz J, Wolkenstein P. SCORTEN: a severity-of-
illness score for toxic epidermal necrolysis. J Invest Dermatol 2000;115:149-53.
PUBMED | CROSSREF

43. Wei CH, Chung-Yee Hui R, Chang CJ, Ho HC, Yang CH, Lin YJ, et al. Identifying prognostic factors for
drug rash with eosinophilia and systemic symptoms (DRESS). Eur ] Dermatol 2011;21:930-7.
PUBMED | CROSSREF

44. Walsh SA, Creamer D. Drug reaction with eosinophilia and systemic symptoms (DRESS): a clinical update
and review of current thinking. Clin Exp Dermatol 2011;36:6-11.
PUBMED | CROSSREF

45. Chiou CC, Yang LC, Hung SI, Chang YC, Kuo TT, Ho HC, et al. Clinicopathological features and
prognosis of drug rash with eosinophilia and systemic symptoms: a study of 30 cases in Taiwan. ] Eur
Acad Dermatol Venereol 2008;22:1044-9.
PUBMED | CROSSREF

46. Kardaun SH, Sekula P, Valeyrie-Allanore L, Liss Y, Chu CY, Creamer D, et al. Drug reaction with
eosinophilia and systemic symptoms (DRESS): an original multisystem adverse drug reaction. Results
from the prospective RegiSCAR study. Br ] Dermatol 2013;169:1071-80.
PUBMED | CROSSREF

47. Kano Y, Ishida T, Hirahara K, Shiohara T. Visceral involvements and long-term sequelae in drug-induced
hypersensitivity syndrome. Med Clin North Am 2010;94:743-59.
PUBMED | CROSSREF

48. Chung WH, Hung SI, Chen YT. Genetic predisposition of life-threatening antiepileptic-induced skin
reactions. Expert Opin Drug Saf 2010;9:15-21.
PUBMED | CROSSREF

49. Mullan KA, Anderson A, Illing PT, Kwan P, Purcell AW, Mifsud NA. HLA-associated antiepileptic drug-
induced cutaneous adverse reactions. HLA 2019;93:417-35.
PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2019.11.5.709 722


http://www.ncbi.nlm.nih.gov/pubmed/23389396
https://doi.org/10.1038/jid.2012.510
http://www.ncbi.nlm.nih.gov/pubmed/27039263
https://doi.org/10.1016/j.jid.2016.03.023
http://www.ncbi.nlm.nih.gov/pubmed/27835661
https://doi.org/10.1371/journal.pone.0165933
http://www.ncbi.nlm.nih.gov/pubmed/30908601
https://doi.org/10.1111/ijd.14426
http://www.ncbi.nlm.nih.gov/pubmed/22639874
https://doi.org/10.1111/j.1365-2133.2012.11074.x
http://www.ncbi.nlm.nih.gov/pubmed/28329382
https://doi.org/10.1001/jamadermatol.2016.5668
http://www.ncbi.nlm.nih.gov/pubmed/22088428
https://doi.org/10.1016/j.jaad.2011.10.007
http://www.ncbi.nlm.nih.gov/pubmed/10850900
https://doi.org/10.1097/00004630-200021030-00004
http://www.ncbi.nlm.nih.gov/pubmed/10951229
https://doi.org/10.1046/j.1523-1747.2000.00061.x
http://www.ncbi.nlm.nih.gov/pubmed/21951554
https://doi.org/10.1684/ejd.2011.1550
http://www.ncbi.nlm.nih.gov/pubmed/21143513
https://doi.org/10.1111/j.1365-2230.2010.03967.x
http://www.ncbi.nlm.nih.gov/pubmed/18627428
https://doi.org/10.1111/j.1468-3083.2008.02585.x
http://www.ncbi.nlm.nih.gov/pubmed/23855313
https://doi.org/10.1111/bjd.12501
http://www.ncbi.nlm.nih.gov/pubmed/20609861
https://doi.org/10.1016/j.mcna.2010.03.004
http://www.ncbi.nlm.nih.gov/pubmed/20001755
https://doi.org/10.1517/14740330903427969
http://www.ncbi.nlm.nih.gov/pubmed/30895730
https://doi.org/10.1111/tan.13530

	Severe Cutaneous Adverse Reactions to Antiepileptic Drugs: A Nationwide Registry-Based Study in Korea
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analyses

	RESULTS
	Offending drugs for AED-induced SCARs
	Clinical manifestations and laboratory findings of AED-induced SCARs
	Treatment and outcomes in AED-induced SCARs
	Comparison between the clinical course and outcomes of SCARs according to the culprit drugs
	Prognostic factors of AED-induced SCAR

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table S1
	Supplementary Table S2

	REFERENCES


