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What is already known about this topic? Drugs such as allopurinol and aromatic antiepileptics are the most frequent
causative agents of severe cutaneous adverse reactions (SCARs).

What does this article add to our knowledge? Some culprit drugs show a strong preference for a specific SCAR
phenotype; carbonic anhydrase inhibitors, nonsteroidal anti-inflammatory drugs, and acetaminophen preferentially cause
SJS/TEN, whereas dapsone, antituberculous agents, and glycopeptide antibacterial agents are more likely to cause
DRESS. A total of 6.6% of SCAR cases resulted in death, mostly within 2 months.

How does this study impact current management guidelines? Recognizing that certain drugs preferentially cause a
specific SCAR phenotype can provide additional clues for identifying the culprit agent.

BACKGROUND: Because severe cutaneous adverse reactions
(SCARs), such as Stevens-Johnson syndrome (SJS), toxic
epidermal necrolysis (TEN), and drug reaction with
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eosinophilia and systemic symptoms (DRESS) rarely
occur, clinical data based on large-scale studies are still

lacking.
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Abbreviations used
DRESS- Drug reaction with eosinophilia and systemic symptoms
HLA- Human leukocyte antigen
ICU- Intensive care unit
IVIG- Intravenous immunoglobulin
KIDS- Korea Institute of Drug Safety and Risk Management
NSAID- Nonsteroidal anti-inflammatory drug
SCAR- Severe cutaneous adverse reaction
SJS- Stevens-Johnson syndrome
TEN- Toxic epidermal necrolysis

OBJECTIVE: To provide information on culprit drugs and
clinical characteristics, including morbidity and mortality of
SCARs based on a nationwide registry.

METHODS: SCAR cases that occurred from 2010 to 2015 were
recruited to the Korean SCAR registry from 34 tertiary referral
hospitals. Demographics, causative drugs, causality, and clinical
outcomes were collected by reviewing the medical record.
RESULTS: A total of 745 SCAR cases (384 SJS/TEN cases and
361 DRESS cases) due to 149 drugs were registered. The main
causative drugs were allopurinol (14.0%), carbamazepine
(9.5%), vancomycin (4.7%), and antituberculous agents (6.3%).
A strong preference for SJS/TEN was observed in carbonic
anhydrase inhibitors (100%), nonsteroidal anti-inflammatory
drugs (84%), and acetaminophen (83%), whereas dapsone
(100%), antituberculous agents (81%), and glycopeptide anti-
bacterials (78%) were more likely to cause DRESS. The mor-
tality rate was 6.6% (SJS/TEN 8.9% and DRESS 4.2%). The
median time to death was 19 days and 29 days in SJS/TEN and
DRESS respectively, and 89.8% of deaths occurred within 60
days after the onset of the skin symptoms.

CONCLUSION: Allopurinol, carbamazepine, vancomycin, and
antituberculous agents were the leading causes of SCARs in Korea.
Some drugs preferentially caused a specific phenotype. The
mortality rate of SCARs was 6.6%, and most of the deaths occurred
within 2 months. © 2020 American Academy of Allergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2020;m:m-m)

Key words: Drug-related side effects and adverse reactions;
Stevens-Johnson syndrome; Drug hypersensitivity syndrome;
Registries; Republic of Korea
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Severe cutaneous adverse reaction (SCAR) is a life-threatening,
delayed hypersensitivity reaction. It includes Stevens-Johnson
syndrome (S]S), toxic epidermal necrolysis (TEN), and drug
reaction with eosinophilia and systemic symptoms (DRESS)
syndrome." The incidence of SJS and TEN in the European
population is estimated to be 1 to 6 and 0.4 to 1.2 per million
people per year, respectively.”” In Korea, the reported incidence
of §JS and TEN was 3.96 to 5.03 and 0.94 to 1.45 per million
people per year, respectively.” Previous studies estimated the
occurrence of DRESS at 1 in 1000 to 10,000 exposures, but it
can vary depending on the causative drugs.”’

SCARSs can lead to death or long-term sequelae, and the delay
in discontinuing the culprit drug leads to unfavorable clinical
consequences. - In patients with SJS and TEN, the mortality
rate is 10% and 30%, respectively.zjl In DRESS cases, the
mortality rate is known to be 10%, and the clinical course of
DRESS appears to be more chronic.””” In addition, SCAR re-
sults in considerable medical and social costs.”

Although the clinical impact on the affected individuals is
enormous, epidemiologic and clinical information is limited due
to its rarity and the lack of large-scale studies.”” Because SCARs
are often influenced by inter-racial genetic differences between
countries,® '° data from various ethnic backgrounds should be
assessed separately. The aim of this study was to investigate the
current epidemiology and clinical characteristics of SCARs based
on a nationwide registry in Korea.

METHODS

A nationwide registry by the Korean SCAR consortium was first
established in 2014, in collaboration with the Korea Institute of
Drug Safety and Risk Management (KIDS) and Drug Allergy
Workgroup of the Korean Academy of Asthma, Allergy, and Clinical
Immunology. Thirty-four tertiary referral hospitals participated,
covering the whole country. This study was approved by the insti-
tutional review board of the ethics committees of KIDS and each
participating hospital.

SCAR cases that occurred between 2010 and 2015 were identi-
fied by searching for keywords (SJS, TEN, DRESS, drug hyper-
sensitivity, and drug eruption) in the database of individual safety
case reports of adverse drug reactions, medical records of diagnoses,
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and allergy and dermatology consultation records of individuals.
Once identified, a thorough retrospective review of the records was
performed. Clinical data, including demographics, hospitalization,
vital signs, laboratory results, clinical course, disease history, and
medication history, were entered into a standardized clinical record
form after reviewing the medical records. All included cases met the
inclusion criteria of the RegiSCAR group.'"'” Cases were finally
registered if an allergy specialist and a pharmacovigilance physician
agreed on the diagnosis of SCAR. Acute generalized exanthematous
pustulosis cases were not included in this registry.

The causality of suspected drugs was assessed by the World
Health Organization-Uppsala Monitoring Centre causality cate-
gories,”” and each drug was included as a potential culprit in the
analysis when the causality was assessed to be higher than “possible.”

Statistical analysis was performed with SPSS version 25.0 (IBM
Corporation, Armonk, NY). The #test and multivariate analysis of
variance were used to analyze continuous variables, and the % test
was used for categorical variables.

RESULTS
Demographics of the study subjects

A total of 745 cases were finally included in the analysis after
excluding invalid cases not satisfying the RegiSCAR criteria or
duplicate cases due to transfers between hospitals; there were
384 patients (51.5%) with SJS/TEN and 361 patients (48.5%)
with DRESS (Table I). The median age of the patients with
SCAR was 56 years (interquartile range: 35-70 years), and the
proportion of males was 49.0% (Table I). The most common
age of onset was fifties in male (n = 87, 23.8%) and seventies
in female (n = 71, 18.7%) (Figure E1, available in this article’s
Online Repository at www.jaci-inpractice.org). Although there
was no significant difference in the age of onset according to
the phenotypes (Table I), the proportion of patients under 20
years of age was significantly lower in DRESS compared with
that in SJS/TEN (2.2% vs 11.5%, P < .001) (Figure El,
available in this article’s Online Repository at www.jaci-
inpractice.org).
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Causative drugs of SCAR cases in Korea

A total of 149 different drugs were assessed as the cause in 745
SCAR cases. The most common culprit drugs were allopurinol
(n = 104, 14.0%), carbamazepine (n = 71, 9.5%), and van-
comycin (n = 35, 4.7%) (Table II; Table E1, available in this
article’s Online Repository at www.jaci-inpractice.org). The
standard first-line antituberculous agents (isoniazid, ethambutol,
rifampicin, and pyrazinamide) were also a common cause (n =
47, 6.3%) when analyzed as a group. According to the phar-
macological groups, allopurinol, cephalosporin antibacterials,
carboxamide containing antiepileptics (carbamazepine and
oxcarbazepine), nonsteroidal anti-inflammatory drugs (NSAIDs),
antituberculous agents, penicillins, other antiepileptics (classified
as NO3AX by Anatomical Therapeutic Chemical classification
system), glycopeptide antibacterials (vancomycin and teicopla-
nin), quinolones, and acetaminophen were found to be the 10
major groups (Table III).

Although most of the culprit drugs caused both SJS/TEN and
DRESS, there was a characteristic predilection to a specific
phenotype (Figure 1). All carbonic anhydrase inhibitor—related
(acetazolamide and methazolamide) cases, 84% of NSAID-
related cases, and 83% of acetaminophen-related cases were
SJS/TEN. On the contrary, all dapsone-related cases, 81% of
antituberculous agent—related cases, and 78% of glycopeptide
antibacterial—related cases of SCARs were DRESS.

Clinical characteristics and management of SCAR

The median time interval between the first intake of the
culprit drug to the onset of initial symptoms was significantly
longer in DRESS than in SJS/TEN (24 vs 13 days, P = .001),
but there was no difference within SJS/TEN (Table I). The
median disease duration of all patients with SCAR was 20 days,
and there was no difference between SJS/TEN and DRESS.
However, there was a significant increase in the disease
duration within SJS/TEN, in the order of SJS, overlap, and TEN
(P < .001) (Table I).

In terms of the route of admission, 51.2% and 33.2% of
patients with SCAR were hospitalized through the emergency
department and outpatient clinic, respectively. The remaining

TABLE I. Demographic and clinical characteristics of patients with SCAR

Total DRESS SJS/TEN SJS Overlap TEN

No. of cases (%) 745 361 (48.5) 384 (51.5) 267 (35.8) 35 (4.7) 82 (11.0)
Male (%) 49.0 50.1 47.9 46.8 45.7 52.4
Age (y), median (IQR) 56 (35-70) 55 (42-68) 56 (35-70) 54 (33-70) 61 (42-72) 56 (39-70)
Time interval from first drug intake to symptoms (d), median (IQR)* 18 (11-32) 24 (14-35) 13 (8-24) 12 (8-24) 13 (8-25) 12 (8-23)
Duration of disease from initial symptoms (d), median (IQR)* 20 (14-30) 21 (15-31) 20 (14-30) 18 (13-24) 24 (16-41) 34 (21-48)
Route of admission

Emergency room (%) 51.2 48.6 53.6 52.7 57.1 53.7

Outpatient clinic (%) 33.2 28.1 38.1 394 343 36.5

Inpatients at the onset (%)* 15.6 23.3 8.3 79 8.6 9.8
Courses after admission

ICU care (%)*" 6.8 4.7 8.9 4.1 14.3 22.0

Recovered (%)*" 85.2 92.8 78.1 86.1 71.4 54.9

Sequelae (%)= 8.2 3.0 13.0 9.4 11.4 25.6

Death (%)*" 6.6 4.2 8.9 4.5 17.1 19.5

DRESS, Drug reaction with eosinophilia and systemic symptoms; /CU, intensive care unit; /QR, interquartile range; SCAR, severe cutaneous adverse reaction; SJS, Stevens-

Johnson syndrome; TEN, toxic epidermal necrolysis.
*Statistically significant differences between DRESS and SJIS/TEN.
fStatistically significant differences between SIS, overlap, and TEN.
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TABLE Il. Causative drugs of SCARs in Korea reporting at least 5
cases

Total SJS/TEN DRESS
Causative drug N (%) N (%) N (%)

1 Allopurinol 104 (14.0) 51 (13.3) 53 (14.7)

2 Carbamazepine 71 (9.5) 28 (7.3) 43 (11.9)
3 Vancomycin 35 @4.7) 8 (2.1) 27 (71.5)
4 Lamotrigine 25 (3.4) 15 (3.9) 10 (2.8)
5 Acetaminophen 24 (3.2) 20 (5.2) 4 (1.1)
5 Amoxicillin 24 (3.2) 19 4.9) 5(1.4)
7 Ceftriaxone 22 (3.0) 9 (2.3) 13 (3.6)
7 Isoniazid 22 (3.0) 6 (1.6) 16 (4.4)
9 Cefaclor 16 (2.1) 13 (3.4) 3 (0.8)
10 Dapsone 15 (2.0) 0 (0.0) 15 (4.2)
10 Valproic Acid 15 (2.0) 5(1.3) 10 (2.8)
12 Ciprofloxacin 14 (1.9) 7 (1.8) 7 (1.9)
13 Phenytoin 13 (1.7) 7 (1.8) 6 (1.7)
14 Ibuprofen 12 (1.6) 12 3.1) 0 (0.0)
14 Piperacillin/tazobactam 12 (1.6) 5(1.3) 7 (1.9)
14 Rifampicin 12 (1.6) 3(0.8) 9 (2.5)
17 Loxoprofen 11 (1.5) 8 (2.1) 3 (0.8)
18  Sulfamethoxazole/ 10 (1.3) 7 (1.8) 3 (0.8)

trimethoprim

19  Levofloxacin 9 (1.2) 5(1.3) 4 (1.1)
19 Methazolamide 9 (1.2) 9 (2.3) 0 (0.0)
21 Aceclofenac 8 (1.1) 6 (1.6) 2 (0.6)
21  Levetiracetam 8 (1.1) 1 (0.3) 7 (1.9)
23 Cefotaxime 7 (0.9) 1(0.3) 6 (1.7)
23 Ethambutol 7 (0.9) 0 (0.0) 7(1.9)
23 Sulfasalazine 7 (0.9) 3 (0.8) 4 (1.1)
26  Gabapentin 6 (0.8) 3(0.8) 3(0.8)
26  Nafcillin 6 (0.8) 1 (0.3) 5(1.4)
26  Pyrazinamide 6 (0.8) 0 (0.0) 6 (1.7)
29  Celecoxib 5 (0.7) 1(0.3) 4 (1.1)
30  Dexibuprofen 5(0.7) 5(1.3) 0 (0.0)
30 Mefenamic acid 5(0.7) 5(1.3) 0 (0.0)
30 Meropenem 5(0.7) 1(0.3) 4 (1.1)

Others 195 (26.2) 120 (31.3) 75 (20.8)

Total 745 (100.0) 384 (100.0) 361 (100.0)

DRESS, Drug reaction with eosinophilia and systemic symptoms; SCAR, severe
cutaneous adverse reaction; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal
necrolysis.

15.6% developed SCARs during hospitalization. The frequency
of cases that occurred during the hospitalization was significantly
higher in patients with DRESS compared with patients with SJS/
TEN (23.3% vs 8.3%, P < .001) (Table I).

During the treatment of SCARs, 6.8% of patients were
transferred to intensive care unit (ICU): 8.9% (n = 34) of pa-
tients with SJS/TEN and 4.7% (n = 17) of patients with DRESS
(P = .029). Steroids were used in 92.4% of patients with SJS/
TEN and 74.4% of patients with DRESS. Intravenous immu-
noglobulin (IVIG) therapy was used in 24.7% of patients with
SJS/TEN (14.8%, 32.5%, and 51.2% in S]JS, overlap, and TEN,
respectively), whereas only 6.9% of patients with DRESS were
treated with IVIG (P < .001). Other immunosuppressants such
as cyclosporine were also used more frequently in patients with
SJS/TEN compared with those with DRESS (5.6% vs 2.1%,
P =.017).
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Morbidity and mortality

Overall, 8.2% of patients with SCAR had long-term sequelae.
Although 92.8% recovered and 3.0% had sequelae in DRESS,
the prognosis in patients with SJS/TEN was relatively grave as
78.1% recovered and 13.0% had sequelae (Table I). Sequelae
increased with the progression from SJS to TEN (9.4% to
25.6%, P < .001). Permanent damage of the skin and skin
appendages was most common (73.8%), followed by ocular
sequelae (36.1%) and other organs (19.6%). Among the drug
groups with more than 10 cases, SCAR cases due to carbonic
anhydrase inhibitors and acetaminophen resulted in the highest
sequelae rates (27% and 21%, respectively) and occurred in
younger age (49.4 and 37.7 years, respectively) (Table III).
Among cases with sequelae, the common culprit drugs were
allopurinol (n = 7), carbamazepine (n = 6), acetaminophen
(n = 5), amoxicillin (n = 4), and ibuprofen (n = 3). A total of
56 drugs were suspected in 61 cases of long-term sequelae, where
27 patients (44.3%) had more than 1 suspected culprit drug
(Table E2, available in this article’s Online Repository at www.
jaci-inpractice.org).

Overall, 6.6% of patients died from SCARs: 8.9% of SJS/
TEN and 4.2% of DRESS (Table I). The mortality rates were
significantly increased with progression from SJS to TEN (P <
.001). Among the drug groups with more than 10 cases, valproic
acid and quinolones-related (ciprofloxacin, levofloxacin) patients
with SCAR had the highest mortality rates (20% and 17%,
respectively) with relatively older age of onset (63.0 and 58.0
years, respectively) (Table IIT). The most common culprit drugs
resulting in death was allopurinol (n = 11), followed by van-
comycin (n = 4), isoniazid (n = 3), and valproic acid (n = 3). A
total of 47 drugs were suspected in 49 deceased cases, where 22
patients (44.9%) had more than 1 suspected culprit drug
(Table E3, available in this article’s Online Repository at www.
jaci-inpractice.org).

The mortality rates in patients who received IVIG therapy
were 17.9% in SJS/TEN and 19.2% in DRESS, which were
much higher than those without IVIG (5.7% and 2.7%, both
P < .001). Among the patients who were transferred to the ICU,
41.2% (14 of 34 cases with SJS/TEN and 7 of 17 cases with
DRESS) eventually died. If SCAR developed at the ICU, the
mortality rate was as remarkably high as 75% (3 of 4 cases) in
SJS/TEN and 66.7% (2 of 3 cases) in DRESS.

According to the time course, the first death occurred on the
5th day and 11th days after the initial skin symptoms in cases
with SJS/TEN and DRESS, respectively (Figure 2). Half of the
death cases occurred within 19 days in SJS/TEN and 29 days in
DRESS. Among total patients with SCAR, 89.8% (91.2% of
SJS/TEN, 86.7% of DRESS) of deaths occurred within 60 days,
and the direct mortality from SCARs was reduced to 0.7% af-
terward. The mean age of deceased cases was 62.6 £ 17.2 years,
which is significantly more than 52.6 %+ 20.6 years in fully
recovered cases (P = .001) and 50.9 % 20.8 years in sequelae
cases (P = .002).

DISCUSSION

This study is the most extensive and the first nationwide
SCAR registry study in Korea and is one of the largest SCAR
studies in the world, collecting 745 cases due to 149 different
culprit drugs from 34 tertiary referral hospitals across the coun-
try. We found that the Korean patients with SCAR are older


http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

KANG ETAL 5

TABLE lll. Prognosis of SCARs according to the causative pharmacological groups (N > 10)

Total SJS/TEN DRESS Sequelae (%) Mortality (%) Onset age (y)* Hospital (d)*
Allopurinol 104 51 53 7 11 61.1 19.8
Cephalosporins 81 39 42 4 6 54.1 24.1
Carboxamide antiepileptics 73 29 44 8 1 52.6 15.2
NSAIDs 64 54 10 13 3 50.8 17.2
Antituberculous agents 48 9 39 4 8 56.2 23.7
Penicillins 48 28 20 10 4 46.6 23.0
Other antiepileptics 41 21 20 10 2 46.2 19.5
Glycopeptide antibacterials 36 8 28 6 11 63.1 26.3
Quinolones 30 16 14 13 17 63.0 24.7
Acetaminophen 24 20 21 0 37.7 19.5
Antineoplastic agents 15 9 6 0 13 51.9 14.9
Dapsone 15 0 15 13 0 37.8 18.9
Valproic acid 15 5 10 7 20 58.0 27.7
Hydantoin antiepileptics 14 8 6 7 0 61.6 18.3
Carbonic anhydrase inhibitors 11 11 27 9 494 25.8
Sulfonamide antibacterial 10 7 10 10 38.1 12.5

Carboxamide antiepileptics, carbamazepine and oxcarbazepine; Other antiepileptics, classified as NO3AX by Anatomical Therapeutic Chemical classification system;
Glycopeptide antibacterials, vancomycin and teicoplanin; Hydantoin antiepileptics, phenytoin and fosphenytoin; Carbonic anhydrase inhibitors, acetazolamide and meth-

azolamide; Sulfonamide antibacterial, sulfamethoxazole/trimethoprim.

DRESS, Drug reaction with eosinophilia and systemic symptoms; NSAID, nonsteroidal anti-inflammatory drug; SCAR, severe cutaneous adverse reaction; SJS, Stevens-Johnson

syndrome; TEN, toxic epidermal necrolysis.
*Mean value.

than those in the RegiSCAR cohorts (median age of onset 56 vs
50 years in SJS/TEN and 55 vs 48 years in DRESS, respec-
tively)."*"” Our study did not show any gender differences be-
tween the phenotypes evaluated; it was greater in SJS/TEN
(male/female ratio = 0.62) compared with DRESS (male/female
ratio = 0.80) in the RegiSCAR study."’

In our study, 149 different drugs were registered as the cause
of SCARs in Korea. Allopurinol and carbamazepine were the 2
leading causes of both SJS/TEN and DRESS in our study and
most other studies despite differences in ethnic susceptibility and
frequency of drug usage in each country. For SJS/TEN, allo-
purinol was the most commonly identified causative drug in the
EuroSCAR registry'®'® and other independent studies from
Italy,l’7 Portugzll,]8 Canada,'” and ]apan.zo It was also the second
most common causative drug of SJS/TEN in a study from
SpainZ] and in the Asian registry, which includes Taiwan,
Thailand, Japan, Malaysia, Singapore, Hong Kong, the
Philippines, and China.”” In the Asian registry, carbamazepine
was the most common causative drug of SJS/TEN, followed by
allopurinol.”” For DRESS, allopurinol and carbamazepine were
also the most common causative drugs in Korea™ and the
RegiSCAR study.'” In terms of genetic susceptibility, allopurinol
and carbamazepine hypersensitivity have been known to be
associated with the presence of the human leukocyte antigen
(HLA)-B*58:01 and -A*31:01, which are relatively common in
Korea (12.2% and 10.3%, respectively).zz*’27

In addition to allopurinol and carbamazepine, sulfamethox-
azole/trimethoprim, lamotrigine, phenytoin, phenobarbital,
nevirapine, cephalosporin, and oxicam-type NSAIDs were re-
ported to be major causes of SCARs.”'*'>?>¥3 However, in
contrast to other studies,” "> we only found a small number
of SCAR cases caused by sulfamethoxazole/trimethoprim
(1.3%) and phenytoin (1.7%). Although European studies lis-
ted SCAR cases caused by oxicam NSAIDs and nevirapine to be
2.9% and 5.5%, respectively,’s’14 we found that oxicam

NSAIDs accounted for only 0.4% of SCAR cases, and there was
no case related to nevirapine in Korea. Vancomycin and anti-
tuberculous agents were the third and the fourth most common
culprit agents in this study, respectively. Some of these regional
differences in the culprit drugs can be explained by ethnic
differences in the HLA allele frequency. SCARs due to carbonic
anhydrase inhibitors have not been reported in ethnic groups
besides the Japanese, Chinese, and Korean groups, and this
seems to be related to the relatively high frequency of HLA-
B*59:01 in the inhabitants of these 3 countries.””*>** A high
number of SCAR cases from antituberculous agents in Koreans
may be related to the prevalence of HLA-C*04:01 (6.6%),
which is known to increase the risk of antituberculous
agent—induced DRESS.”*?* On the contrary, HLA-A*57:01 is
found in only 0.4% of Koreans and abacavir-induced hyper-
sensitivity syndrome has not been reported in Korea until
now.”” Vancomycin was one of the major culprit drugs in
Korea even though HLA-A*32:01, the genetic risk marker of
vancomycin-induced DRESS, is rare (0.3%) in Koreans.>*>°
Other genetic risk factors may play a role in the development
of DRESS in vancomycin users among Koreans.

Some causative drugs could not be specified when the culprit
drug itself was a mixture of several drugs, or its medication in-
formation was not available (n = 13) (Table E1, available in this
article’s Online Repository at www.jaci-inpractice.org). In addi-
tion to general medicines, health supplements and traditional
Chinese medicine were suspected as the cause of SCARs. Most of
the culprit drugs were previously known to cause SCARs.

Many of the culprit drugs caused both SJS/TEN and
DRESS.”’ However, there are some differences in culprit drugs
according to the phenotypes. For example, in the previous
studies, dapsone caused only DRESS, >3 whereas carbonic
anhydrase inhibitors caused only SJS/TEN.”**® In this study,
predilection to a specific phenotype in certain drugs was iden-
tified because cases of SJS/TEN and DRESS were analyzed
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FIGURE 1. Differences in SCAR phenotypes according to the causative pharmacological groups (N > 10). Carbonic anhydrase inhibitors,
acetazolamide and methazolamide; Sulfonamide antibacterial, sulfamethoxazole/trimethoprim; Hydantoin antiepileptics, phenytoin and
fosphenytoin; Other antiepileptics, classified as NO3AX by Anatomical Therapeutic Chemical classification system; Carboxamide anti-
epileptics, carbamazepine and oxcarbazepine; Glycopeptide antibacterials, vancomycin and teicoplanin. DRESS, Drug reaction with
eosinophilia and systemic symptoms; NSA/D, nonsteroidal anti-inflammatory drug; SCAR, severe cutaneous adverse reaction; SJS,
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis. *P <.01.

together. Phenotypic differences of SCARs in various drug
groups showed that carbonic anhydrase inhibitors, NSAIDs, and
acetaminophen  predominantly cause SJS/TEN, whereas
dapsone, glycopeptide antibacterials, and antituberculous agents
mainly cause DRESS. SJS/TEN and DRESS were both mediated
by drug-specific T cells, and this finding may be an important
clue in understanding which immunological factors contribute to
the development of different phenotypes.”” Given that some
specific HLA alleles show associations with certain phenotypes of
SCARSs, analyzing their impact on the phenotypes could shed
light on the pathogenesis of SCARs.

The time interval from the first drug intake to the onset of
symptoms was previously known to be 4 to 28 days in SJS/TEN
and 2 to 6 weeks in DRESS.” These time intervals varied
depending not only on the phenotype of SCARs but also on the
causative drugs." "> The onset of SJS/TEN occurred 19 days (7-
31 days) and 13 days (7-27 days) after the first intake of the 2
major causative drugs addressed in our study, allopurinol and
carbamazepine, respectively. However, in patients with DRESS,
the onset of symptoms was observed 29 days (20-36 days) and 32
days (21-40 days) after the first intake of allopurinol and car-
bamazepine, respectively. The RegiSCAR study showed similar

latent periods with these drugs: 20 days (14-32 days) for allo-
purinol and 15 days (12-20 days) for carbamazepine in SJS/
TEN,'* and 20 days (17-30 days) for allopurinol and 29 days
(20-36 days) for carbamazepine in DRESS."”

Most of the patients with SCAR were admitted for the
management of reaction. Because about half of the patients with
SCAR were admitted via the emergency department, medical
staff of the emergency department should be well aware of
SCAR. Our results showed higher inpatient SCAR cases
compared with those observed in the RegiSCAR study.'” It was
found that 23.3% of DRESS occurred in hospitalized patients.

The long-term sequelae of SCARs varied depending on the
study*** and have been reported to be up to 65% in SJS/TEN
and 11.5% in DRESS.” However, in our study, long-term sequelae
occurred at lower frequencies as compared with previous studies, at
13% in SJS/TEN and 3% in DRESS. The mortality rates of our
patients with SCAR were 8.9% in SJS/TEN and 4.2% in DRESS,
which were slightly lower than the 10% to 40% in SJS/TEN and
5% to 10% in DRESS reported in recent SCAR
studies.” 17414 However, studies in China (SJS/TEN 5.4%
and DRESS <1%)>"% and Malaysia (total SCAR 5.8%)"" have
reported lower mortality rates than those found in our study.
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FIGURE 2. Survival of patients with SCAR according to the dis-
ease phenotype. DRESS, Drug reaction with eosinophilia and
systemic symptoms; SCAR, severe cutaneous adverse reaction;
SJS, Stevens-Johnson syndrome; TEN, toxic epidermal
necrolysis.

In terms of the time of death, approximately 90% of deaths
from SCARs occurred within 2 months of the time frame of the
study. The mortality rates of SJS/TEN and DRESS were 8.6%
and 3.9%, respectively, on the 90th day of the study, and 8.9%
and 4.2%, respectively, at the end of 1 year. In the RegiSCAR
study, the all-cause mortality of SJS/TEN was 28% on the 90th
day and 34% at the end of 1 year.”* It was difficult to directly
compare the mortality rate observed in our study and the Reg-
iSCAR study, due to differences in the study population and
design. Nevertheless, the likelihood of the decline of death
overtime after the high mortality rate in the early period is
observed in both studies.

Morbidity and mortality differed according to the causative
drug. The type of causative drug itself may affect the clinical
course and the prognosis of SCAR.>*“" However, the outcome
may also be influenced by the age and the underlying medical
conditions associated with the use of causative drugs.”>*">”!

This registry likely included most SCAR cases in Korea during
the study period because almost all tertiary hospitals in Korea
participated in the registry. Besides registry studies, several
studies using individual case safety reports or national health data
have been attempted.'®*””* Our study showed a similar pattern
of causative drugs as other Korean SCAR studies using different
data sources,”’” supporting the validity of our data. To over-
come the inherent limitations of the data-driven study,”” various
attempts have been made recently to extract large amounts of
medical data more effectively.”””” SCAR research is likely to
progress further in the near future due to the advancement in
medical informatics.

This study was limited by its retrospective design, which
resulted in the lack of standardized protocol and datasets such as
scheduled laboratory tests, skin biopsies, genetic tests, and
follow-up of patients. The study was also limited by the lack of
confirmatory tests for the causative drug. In some cases,
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determining a single causative agent was difficult, but the
rechallenge was contraindicative due to safety and ethical con-
cerns. Patch tests or intradermal tests were performed only in a
specific group of patients. Therefore, the most probable culprit
drug was registered as the cause of each case through causality
assessments by reviewing medical records and follow-up reports.
To overcome these limitations, an expanded prospective registry
with the standardized investigation and bio-sample collection will
be required.

CONCLUSION

In the nationwide SCAR registry in Korea, the leading caus-
ative drugs of SCARs were allopurinol and carbamazepine, fol-
lowed by vancomycin and antituberculous agents. Some drugs
preferentially caused a specific phenotype of SCAR. The overall
mortality rate of SCARs was 6.6%, and death mostly occurred
within 2 months after the initial skin symptom.
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FIGURE E1. Age distribution of patients with SCAR in Korea. DRESS, Drug reaction with eosinophilia and systemic symptoms; SCAR,
severe cutaneous adverse reaction; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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TABLE E1. The number of cases according to causative drugs of SCARs

KANG ET AL

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2020

RegiSCAR score of DRESS cases

Drugs Total SJS/TEN DRESS 3 4 5 6
1 Allopurinol 104 51 53 21 20 9 3
2 Carbamazepine 71 28 43 17 14 7 5
3 Vancomycin 35 8 27 8 10 9
4 Lamotrigine 25 15 10 4 4 1 1
5 Acetaminophen 24 20 4 2 1 1
Amoxicillin 24 19 5 3 2
7 Ceftriaxone 22 9 13 6 6 1
Isoniazid 22 6 16 6 8 2
9 Cefaclor 16 13 3 1 1 1
10 Dapsone 15 0 15 2 7 4 2
Valproic acid 15 5 10 5 4 1
12 Ciprofloxacin 14 7 7 2 2 3
13 Phenytoin 13 7 6 3 2 1
14 Ibuprofen 12 12 0
Piperacillin/tazobactam 12 5 7 2 2 3
Rifampicin 12 3 9 4 3 2
17 Loxoprofen 11 8 3 1 2
18 Sulfamethoxazole/trimethoprim 10 7 3 1 1 1
19 Levofloxacin 9 5 4 1 1 2
Methazolamide 9 9 0
21 Aceclofenac 8 6 2 2
Levetiracetam 8 1 7 3 4
23 Cefotaxime 7 1 6 2 3 1
Ethambutol 7 0 7 4 2 1
Sulfasalazine 7 3 4 1 3
26 Gabapentin 6 3 3 1 1 1
Nafcillin 6 1 5 2 3
Pyrazinamide 6 0 6 3 2 1
29 Celecoxib 5 1 4 1 2 1
Dexibuprofen 5 5 0
Mefenamic acid 5 5 0
Meropenem 5 1 4 1 2 1
33 Cefazedone 4 3 1 1
Doxycycline 4 3 1 1
Methotrexate 4 3 1 1
Moxifloxacin 4 1 3 1 2
Phenobarbital 4 2 2 1 1
Zaltoprofen 4 3 1 1
39 Aspirin 3 2 1 1
Azithromycin 3 1 2 1 1
Cefepime 3 1 2 1 1
Cefpiramide 3 0 3 2 1
Cefpodoxime 3 2 1 1
Cefuroxime 3 1 2 1 1
Cimetidine 3 3 0
Meloxicam 3 3 0
Roxithromycin 3 3 0
Talniflumate 3 3 0
49 Acetazolamide 2 2 0
Cefalexin 2 2 0
Cefditoren pivoxil 2 0 2 1 1
Cefixime 2 2 0
Cefotetan 2 0 2 1 1

(continued)
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TABLE E1. (Continued)

KANG ETAL 8.e3

Drugs

Total

SJS/TEN

DRESS

RegiSCAR score of DRESS cases

4

5

72

Ceftazidime
Deflazacort
Diazepam
Doxorubicin
Famotidine
Fenofibrate
Flomoxef
Indobufen
Lithium
Naproxen
Nortriptyline
Oxcarbazepine
Pantoprazole
Penicillamine
Propylthiouracil
Temozolomide
Ticarcillin
Zonisamide
Acetyl-L-carnitine
Acyclovir
Ampicillin
Atorvastatin
Balofloxacin
Boceprevir
Buspirone
Cefatrizine
Cefcapene pivoxil
Cefodizime
Cefoperazone
Cefotiam
Cefprozil
Ceftizoxime

Cephalexin

Cimetropium bromide

Cisplatin
Clarithromycin

Clindamycin

Clobetasol propionate

Cloxacillin
Dacarbazine
Diclofenac
Diltiazem
Docetaxel
Doxofylline
Econazole
Entecavir
Eperisone
Escitalopram
Esomeprazole
Fluconazole
Fosphenytoin
Furosemide

Gimeracil/tegafur/oteracil

2

s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 0NN NN NN NN NNRNN NN N

1
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(continued)
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TABLE E1. (Continued)

RegiSCAR score of DRESS cases

Drugs Total SJS/TEN DRESS 3 4 5 6

Imipenem 1

(=]
—_
—_

Itraconazole
Lansoprazole
Levodropropizine
Loperamide
Methimazole
Metolazone
Metronidazole
Nabumetone
Nicorandil
Norfloxacin
Ofloxacin
Oxaliplatin
P-Aminosalicylic calcium
Penicillin
Pentazocine
Piperacillin/sulbactam
Pitavastatin
Prednisolone
Pseudoephedrine
Quetiapine
Rabeprazole
Ramipril
Ranitidine
Risperidone
Ropivacaine
Sorafenib tosylate
Streptokinase
Streptomycin
Sulodexide
Teicoplanin
Terbinafine
Thalidomide
Tinidazole
Tiropramide
Tobramycin
Torasemide
Tranexamic acid
Vemurafenib
Warfarin

S O, O OO O PO =2, OFF,~,)OF, OO ~,OOoOOoOOoO R~~~ F~,OOHF~,OO~O OO o O
—

S G S iy
—_— —_— O~ — ) O~ 0O ~, 0O 00O, OO0, O F, P OFR P FRPRFHROOOORFR M, O F, F—~ O = —= — = —

Influenza vaccine

148 <Health supplement>
Ginkgo
Gum nutrition
Omega-3
Protein

N = = =
—_ O = O ==
—_—_ 0 = o

Traditional Chinese medicine
149 <Unspecified>

Combined cold medicine

Unspecified NSAIDs

Unspecified antibiotics

[OSIEN ST T N
[OSIEN SR R N
[=I =il o]

Unspecified medication

DRESS, Drug reaction with eosinophilia and systemic symptoms; NSAID, nonsteroidal anti-inflammatory drug; SCAR, severe cutaneous adverse reaction; SJS, Stevens-Johnson
syndrome; TEN, toxic epidermal necrolysis.
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TABLE E2. Drugs related to cases with sequelae

KANG ET AL

8.e5

Case no. Drugs most suspected as culprit Other suspected drug
1 Allopurinol Ciprofloxacin, pregabalin

2 Allopurinol Colchicine, loxoprofen

3 Allopurinol Loxoprofen

4 Allopurinol

5 Allopurinol

6 Allopurinol

7 Allopurinol

8 Carbamazepine

9 Carbamazepine

10 Carbamazepine

11 Carbamazepine

12 Carbamazepine

13 Carbamazepine

14 Acetaminophen Levodropropizine, pseudoephedrine
15 Acetaminophen Amoxicillin

16 Acetaminophen

17 Acetaminophen

18 Acetaminophen

19 Amoxicillin Acetaminophen, loxoprofen, eperisone
20 Amoxicillin Cephradine, mefenamic acid

21 Amoxicillin Loxoprofen, pseudoephedrine

22 Amoxicillin Acetaminophen

23 Ibuprofen Acetaminophen, azithromycin, tramadol
24 Ibuprofen

25 Ibuprofen

26 Ciprofloxacin Dexibuprofen

27 Ciprofloxacin Itraconazole

28 Dapsone Cephradine

29 Dapsone

30 Isoniazid Ethambutol, rifampicin, pyrazinamide
31 Isoniazid Rifampicin, ethambutol, pyrazinamide
32 Lamotrigine Valproic acid, propranolol, donepezil, clonazepam, mirtazapine
33 Lamotrigine

34 Methazolamide Dexibuprofen

35 Methazolamide

36 Vancomycin

37 Vancomycin

38 Aceclofenac Allopurinol

39 Acetazolamide

40 Cefaclor Acetaminophen, ibuprofen, levodropropizine
41 Ceftriaxone Vancomycin, teicoplanin

42 Cefuroxime

43 Celecoxib

44 Deflazacort Amlodipine

45 Dexibuprofen Cefditoren

46 Diclofenac Loxoprofen, cefaclor

47 Fluconazole

48 Gabapentin

49 Levofloxacin Loxoprofen, mefenamic acid

50 Mefenamic acid

51 Moxifloxacin

52 Phenytoin

53 Piperacillin/tazobactam Levofloxacin

54 Propylthiouracil Ciprofloxacin, mefenamic acid

(continued)
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TABLE E2. (Continued)

J ALLERGY CLIN IMMUNOL PRACT

MONTH 2020

Case no. Drugs most suspected as culprit Other suspected drug
55 Ramipril

56 Roxithromycin

57 Sulfamethoxazole/trimethoprim

58 Sulfasalazine

59 Tranexamic acid

60 Valproic acid Naproxen, amoxicillin, loxoprofen

61

Zonisamide
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TABLE E3. Drugs related to deceased cases

KANG ET AL
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Case no. Drugs most suspected as culprit Other suspected drug
1 Allopurinol Furosemide

2 Allopurinol Colchicine

3 Allopurinol

4 Allopurinol

5 Allopurinol

6 Allopurinol

7 Allopurinol

8 Allopurinol

9 Allopurinol

10 Allopurinol

11 Allopurinol

12 Vancomycin Meropenem, ampicillin

13 Vancomycin Piperacillin/tazobactam, levofloxacin

14 Vancomycin Meropenem

15 Vancomycin

16 Isoniazid Rifampicin, ethambutol, pyrazinamide, cefaclor
17 Isoniazid Pyrazinamide, ethambutol, moxifloxacin
18 Isoniazid Ethambutol, rifampicin, pyrazinamide
19 Valproic acid Meropenem, vancomycin

20 Valproic acid

21 Valproic acid

22 Cefaclor

23 Cefaclor

24 Ciprofloxacin Loxoprofen

25 Ciprofloxacin

26 Levofloxacin Piperacillin/tazobactam

27 Levofloxacin

28 Aceclofenac Isoniazid, rifampicin, ethambutol, levofloxacin
29 Amoxicillin

30 Carbamazepine

31 Cefalexin Amikacin, cefazedone

32 Cefpiramide Pentazocine, levofloxacin, meropenem
33 Ceftazidime

34 Entecavir

35 Esomeprazole

36 Lamotrigine Piroxicam, diclofenac, vancomycin

37 Lansoprazole Oxycodone, levosulpiride, aspirin

38 Meropenem Vancomycin, pantoprazole, isoniazid, rifampicin, pyrazinamide
39 Methazolamide

40 Methotrexate

41 Naproxen Dexibuprofen

42 Ofloxacin Levofloxacin

43 Pantoprazole

44 Penicillamine Nifedipine

45 Phenobarbital

46 Piperacillin/tazobactam Vancomycin, fluconazole

47 Rifampicin Ethambutol, pyrazinamide, isoniazid

48 Sulfamethoxazole/trimethoprim

49 Temozolomide
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