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ABSTRACT

Purpose: Although severe cutaneous adverse drug reactions (SCARs) are rare, they are
associated with high morbidity and mortality, and thus early diagnosis and treatment are
critical for improving prognoses. However, few studies have reported the characteristics

of SCARSs in children. Thus, we aimed to evaluate the clinical characteristics, current
management and prognosis of pediatric SCARs.

Methods: We analyzed pediatric data in the Korean SCARs registry, which was built
retrospectively in 2016 with SCAR cases treated in 34 tertiary referral university hospitals
during 2010-2015. Using these cases, we descriptively analyzed detailed data regarding
etiology, clinical and laboratory features, treatment strategies, and prognosis.

Results: Forty-seven pediatric SCAR cases from 15 tertiary referral hospitals were included.
The median patient age was 10 (interquartile range, 3-15.5) years and 68.1% (n = 32) were
males. The culprit drug was identified in 95.7% (n = 45) of the patients; antibiotics (44.7%)
and antiepileptic drugs (19.1%) were the most common and second most common culprits,
respectively. Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) cases
presented with the largest area of skin involvement without permanent sequelae. Stevens-
Johnson syndrome (SJS) cases involved relatively small areas of skin but serious sequelae

in two children. Of 4 patients with toxic epidermal necrolysis (TEN), 1 died. Of all patients
assessed, 36 (76.6%) received systemic steroids and 21 (44.7%) received intravenous
immunoglobulin (IVIG). Thirteen (27.7%) received both systemic steroids and IVIG.
Cyclosporine was administered to only 1 patient along with a systemic steroid.
Conclusions: In patients with pediatric SCARs, including those with DRESS, SJS and TEN,
clinical presentations were variable. Thus, there was no clear continuous disease spectrum.
Although the mortality rate was low (2.1%), clinical suspicion may be the best tool for
proactive SCAR management.
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Cutaneous reactions constitute the most common type of adverse drug reactions in

pediatric populations, with a prevalence of up to 36%.! Despite the high prevalence of
cutaneous adverse drug reactions, these reactions are mostly benign, cause only mild clinical
symptoms, and subside with discontinuation of the suspected drug.? However, 2.0%—6.7%
of cutaneous reactions can develop into severe cutaneous adverse drug reactions (SCARs),
which are potentially life-threatening.>*

Considering serious morbidity and mortality associated with SCARs, their early diagnosis
and treatment is crucial for achieving better prognoses. As clinical suspicion of SCARs is
often based on a patient's clinical history, it is essential to determine the frequency and
common symptoms of SCARs.

Many previous studies have examined the clinical presentation and risk factors of SCARs

in adults.>® However, few have reported these characteristics in a pediatric population,

and even less in Korean children. This study aimed to retrospectively analyze the clinical
characteristics, laboratory findings and clinical outcomes of pediatric SCAR cases using data
from a large Korean clinical registry.

MATERIALS AND METHODS

Pediatric data was collected from the Korean SCARs registry, which was built in 2016 using
retrospective data from 34 tertiary referral hospitals in 2010-2015. To build the registry,
researchers uploaded their institutions' potential cases and 2 allergy specialists validated
each SCAR case. Researchers from 34 hospitals first filtered the individual case safety reports
on adverse drug reactions, medical records on the diagnosis, and consultation records with
allergists and dermatologists using the keywords of ‘Drug Reaction with Eosinophilia and
Systemic Symptoms (DRESS),” ‘Stevens-Johnson syndrome (SJS),’ ‘toxic epidermal necrolysis
(TEN), and ‘drug hypersensitivity.’ The medical records of the resulting filtered cases were
then reviewed. All cases that meet the European Registry of SCARs (RegiSCAR) inclusion
criteria were selected as the potential SCAR cases.”®

Potential cases of SJS/TEN were determined as hospitalized patients with widespread
exanthema with 1% or more of skin detachment of epidermis, or with more than 1 blister

and mucous membrane involvement. Potential cases of DRESS were defined as hospitalized
patients with acute onset of exanthema with fever > 38°C, enlarged lymph nodes, involvement of
atleast 1 internal organ, and 1 or more of the following: eosinophilia > 10%, > 700/uL; atypical
lymphocytes; lymphopenia < 4,000; lymphocytosis; or thrombopenia. Potential cases were
excluded when symptoms and signs were suspicious of the following: pemphigus, erythema
multiforme, bullous pemphigoid, staphylococcal scalded skin syndrome, mechanobullous
eruption (heat, cold, friction, pressure), acute pustular psoriasis, Kawasaki's disease, toxic
shock syndrome, graft-versus-host disease, vasculitis or epidermolysis bullosa.

The clinical data of potential cases were uploaded to the main data center with a standardized
form that included data on the demographics, past medical history, culprit agents, clinical
and laboratory findings, treatment, and clinical outcomes associated with each case. In
addition, comorbid conditions were also investigated, including allergic diseases (asthma,
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rhinitis and atopic dermatitis), diabetes mellitus, renal and urologic diseases (acute cystitis,
chronic renal failure, dialysis and kidney transplantation), hepatic diseases (hepatitis and
cirrhosis), infectious diseases (human immunodeficiency virus [HIV] and other viral infection;
pneumonia, bronchiolitis, rhinopharyngitis, otitis media, and tonsillitis), digestive diseases
(gastroenteritis, acute cystitis), rheumatic diseases, immune deficiency, and malignancy.

Causality assessment of SCARSs to culprit drugs was conducted according to the World Health
Organization-Uppsala Monitoring Center (WHO-UMC) criteria.’ The ‘probable’ relationship
was suspected when a SCAR event presented a reasonable time relationship to drug intake,
was unlikely attributed to disease or other drugs, and responded well to withdrawal. The
‘certain’ causality was suspected when there was relevant rechallenge information on the case
with ‘probable’ causality.

Uploaded data of all potential cases were also reviewed by another allergy specialist in the main
center, and the final SCAR cases were confirmed by both specialists of the regional hospital

and the main center. Cases were registered only when both specialists agreed upon the SCAR
diagnosis and the causality of ‘probable’ or ‘certain.” Then, to evaluate the clinical characteristics
of pediatric SCAR cases, we selected cases of individuals who were aged < 19 years.

A final diagnoses of SJS was made when clinical records indicated the following: acute onset
of mucous membrane involvement of at least 2 mucosal surfaces; skin symptoms, including
maculae, target-like, bullae or erosion; a positive Nikolsky sign; and epidermal detachment
of less than 10% of the total body surface area.’® A final diagnosis of TEN was made by the
presence of the same lesions as in SJS, but with a confluence of blisters leading to a positive
Nikolsky sign and the detachment of large epidermal sheets on more than 30% of the body
surface area.!® Marginal cases between SJS and TEN were classified into SJS. A final diagnosis
of DRESS was made based on the following items: characteristics of fever, enlarged lymph
nodes, eosinophilia, atypical lymphocytes, skin involvement, organ involvement, duration
for resolution and the exclusion of other potential causes. Since the scoring system for
classifying DRESS of RegiSCAR®! and the diagnostic criteria of the Japanese consensus
group'® are similar but different, at least 2 allergy specialists discussed each potential case
and moderated the DRESS diagnosis on a case-by-case basis.

Statistical analyses were performed using SPSS 22.0 software for Windows (SPSS, Inc,
Chicago, IL, USA). Descriptive statistics are provided and include the number and percentage
for categorical variables and the median and interquartile range (IQR) for continuous
variables. The protocol was approved by the Institutional Review Board of Seoul National
University Hospital (No. 1804-115-939) and due to the retrospective nature of the study, the
requirement for written informed consent was waived.

RESULTS

A total of 814 potential cases was listed. Thirty-three and 36 cases were excluded because of
the onset time was out of 2010-2015 and doubtful diagnosis/causality, respectively. Among
the 745 confirmed SCAR cases, a total of 47 occurred in subjects < 19 years (Figure).

The patient characteristics of the total 47 SCAR cases are shown in Table 1. The median
patient age was 10 (IQR, 3-15.5) years and 68.1% (n = 32) were male. Of all cases, 14.9% (n = 7)
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Primary screening and listing \
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\ T ‘
Secondary review of listed cases »| Inappropriate time point, n =33

based on the uploaded data

>} Doubtful diagnosis/causality, n = 36 ‘

Confirmed cases enrolled
n =745

Prepare for analyzing the pediatirc \
cases 7

Subjects aged > 19 years, n = 698 ‘

Pediatric cases being analyzed
n =47

Figure. Flow diagram of pediatric SCAR cases analyzed.
SCAR, severe cutaneous adverse reaction.

were diagnosed with DRESS, 76.6% (n = 36) were diagnosed with SJS, and 8.5% (n = 4) were
diagnosed with TEN. Nineteen patients (3, 14 and 2 patients with DRESS, SJS and TEN,
respectively) had comorbid conditions: 15 patients had a concomitant infection, 2 had atopic
dermatitis, 1 had hypertension, and 1 had SLE. Thirty-four (72.3%) patients were admitted
to the hospital via the emergency department, 9 (19.1%) via an outpatient clinic, and the
remaining 4 (8.5%) did not initially present with SCARs, but developed them during their
admission. Only 1 patient had a history of previous SCAR.

Table 1. Demographic characteristics of patients

Characteristic DRESS (n =7) SJS (n = 36) TEN (n = 4) Total (n = 47)
Age (yr) 15 (11.5-15.0) 9.5 (2.8-16.0) 5(3.8-8.3) 10 (3.0-15.5)
Male sex 3(42.9) 95 (69.4) 4 (100) 32 (68.1)
Comorbidity 3(42.9) 14 (38.9) 2 (50.0) 19 (40.4)
Atopic dermatitis 2 2
Hypertension 1 1
SLE 1 1
Infection
URI 3 3
Acute bronchitis 1 1
Bronchiolitis 1 1
Influenza 6 6
Chronic otitis media 1 1
Cervical lymphadenitis 1 1
Cholecystitis 1 1
Enterobacter cloacae sepsis 1 1
The route of visit
Outpatient clinic 8(22.2) 1(25.0) 9 (19.1)
Emergency clinic 4 (57.) 27 (75) 3(75.0) 34 (72.3)
During admission 3(42.9) 1(2.8) 4 (8.5)
Past history of SCARs 1(2.8) 1(2.1)

Values are presented as median (IQR) or number (%).
DRESS, drug reaction with eosinophilia and systemic symptoms; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; IQR, interquartile range; SLE,
systemic lupus erythematosus; URI, upper respiratory tract infection; SCARs, severe cutaneous adverse reactions.
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Etiology

The culprit drugs were identified in 95.7% (n = 45) of the SCAR cases. The distribution

of drug type, number and administration route across SCAR groups are listed in Table 2.
Antibiotics were the most common (44.7%) culprit drugs, while antiepileptic drugs were the
second most common (19.1%). Causative drugs for the remaining 4.3% (n = 2) of the patients
could not be identified.

In patients with DRESS, antibiotics (42.9%) and antiepileptic drugs (57.1%) played a major
role in disease etiology. The most common causative antibiotic was amoxicillin/clavulanate
(38.1%); the second most common causative antibiotic was cephalosporin (28.6%). In
patients with SJS, antibiotics (41.7%), antiepileptic drugs (18.9%) and antipyretics (25.0%)
were found to be the 3 most common causative classes of drugs. Antibiotics (75%) and
systemic steroids (25%) were suspected to cause all 4 cases of TEN.

Twenty-seven (57.4%) patients were administered a single drug, while the other 20 (42.6%)
received 1 suspected drug together with another medication unrelated with SCARs. Forty-
three patients ingested the drug(s) orally, 1 was administered the medication intravenously,
and there was no information on administration route available for the remaining 3 patients.

Clinical and laboratory features
Case clinical and laboratory features are presented in Table 3. The most common type of skin
disorder was rash (91.5%, n = 43). In patients with SJS or TEN, other skin symptoms such

Table 2. Kind, number and the route of suspected drugs as the etiology

Etiology DRESS (n =7) SJS (n =36) TEN (n = 4) Total (n = 47)
Antibiotics 3(42.9) 15 (41.7) 3(75.0) 21 (44.7)
Penicillin 9 2 1
Amoxicillin/clavulate 7 1 8
TMP/SMX 2 1 3
Cephalosporine 2 3 1 6
Macrolide 2 2
Dapsone 1 1
Doxycycline 1 1
Antiepileptics 4 (57.) 5(13.9) 9 (19.1)
Phenobarbital 1 1 2
Carbamazepine 1 2 3
Lamotrigine 2 2 4
NSAIDS 3(8.3) 3(6.4)
Acetaminophen 6 (16.7) 6 (12.8)
Other drugs 5 (13.9) 1(25.0) 6 (12.8)
Deflazacort 1 1 2
Potassium clavulanate
Guaifenesin

Streptokinase
Dacarbazine

N o o
[

Unknown (4.3)
Medication numbers
1 4 (57.1) 21 (58.3) 2 (50.0) 27 (57.4)
>9 3 (42.9) 15 (41.7) 2 (50.0) 20 (42.6)
Administration route
oral 5 (71.4) 34 (94.4) 4(100) 43 (91.5)
v 1(14.3) 1(2.1)
Unknown route 1(14.3) 2 (5.6) 3(6.4)

Values are presented as number (%o).

DRESS, drug reaction with eosinophilia and systemic symptoms; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; TMP/SMX, trimethoprim/
sulfamethoxazole; NSAIDS, nonsteroidal anti-inflammatory drugs; 1V, intravenous.
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as appearance of the target sign (14.9%, n = 17), desquamation (21.3%, n = 10) and blister
(48.9%, n = 23) were also observed. The Nikolsky sign was not observed in patients with
DRESS but was observed in 5 patients (13.9%) with SJS and in all 4 patients with TEN. In the
DRESS group, the median extent of skin involvement was 99% (IQR, 91%-100%), whereas in
the SJS and TEN groups the median extent of skin involvement was 67.5% (IQR, 37.1%-100%)
and 99.5% (IQR, 97.9%-100%), respectively.

In the DRESS group, 1 patient (14.3%) experienced skin detachment. The detached skin area
was 90% of the whole body on the first day of SCAR development and was fully recovered

by the seventh day of SCAR development. In the SJS group, the median detached skin area
was 3% (IQR, 1.5%—6.3%) on the first day of SCAR development; the median decreased to
2% (IQR, 0%—5%) on the seventh day. Six patients (16.7%) had skin detachment on the first
day of SCAR development. In the SJS group, 3 were fully recovered and 2 developed skin
detachment on the seventh day of SCAR development. In the TEN group, 1 patient (25.0%)
had skin detachment. The detached skin area was 2% on the first day of SCAR development
and progressed to 36% by the seventh day of SCAR development.

Table 3. Clinical and laboratory features of pediatric SCARs

https://e-aair.org

Characteristic DRESS (n =7) SJS (n = 36) TEN (n = 4)
Cutaneous lesion extent (%) 99 (91.0-100) 67.5 (37.1-100) 99.5 (97.9-100)
Cutaneous findings
Rash 5 (71.4) 34 (94.4) 4 (100)
Target sign 5(13.9) 2 (50)
Desquamation 8 (22.2) 2 (50)
Blister 20 (55.6) 3(75)
Nikolsky signs 5(13.9) 4 (100)
Skin detachment
Day 1 1(14.3) 6 (16.7) 1(25.0)
Day 7 5 (13.9) 1(25.0)
Tachycardia”
Day 1 6 (16.7) 1(25.0)
Day 7 2 (50.0)
Mucosa involvement 1(14.3) 33(91.7) 4 (100)
Oral 1 23 3
Labial 19 4
Ocular 12 4
Genital 6 2
Respiratory 4 1
Lymphadenitis 1(14.3) 1(2.8) 2 (50)
Fever 6 (85.7) 24 (66.7) 3(75)
Fever duration (day) 5.0 (4.0-8.0) 4.0 (2.0-6.0) 13 (10-21.5)
Hematologic finding
Leukocytosis' 3 (42.9) 2 (5.6) 1(25)
Leukopenia* 2 (28.6) 10 (27.8) 2 (50)
Atypical lymphocytosis$ 2 (28.6) 2 (5.6) 1(25)
Eosinophilial 3 (42.9) 4 (11.1) 3(75)
Thrombocytopenial 2 (28.6) 7 (19.4) 2 (50)
Liver function abnormality™ 7 (100) 13 (36.1) 2 (50)

Renal function abnormality ™

1(2.8)

1(25)

Values are presented as median (IQR) or number (%).

SCARs, severe cutaneous adverse reactions; DRESS, drug reaction with eosinophilia and systemic symptoms; SJS,
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; IQR, interquartile range.

*Tachycardia: heart rate > 160 beats/min in 0-2 years and heart rate > 120 beats/min in > 2 years; TLeukocytosis:
white blood cell count > 20,000/pL; FLeukopenia: white blood cell count < 4,000/uL; SAtypical lymphocytosis:
atypical lymphocyte > 5%; IEosinophilia: eosinophil > 4%; TThrombocytopenia: platelet < 150,000/pL;
**Abnormalities in liver function tests: serum level of alanine transaminase > 40 IU/L; TTAbnormalities in renal
function tests: glomerular filtration rate < 100 mL/min/1.73 m?.
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In addition, the mucosal epithelium was involved in 1 (14.3%) case of DRESS, 33 (91.7%)
cases of SJS and all 4 cases of TEN. The most commonly involved mucosal site was the mouth
(57.4%, n = 27), followed by the labia (48.9%, n = 23). Lymphadenitis was observed in 1
patient (14.3%) with DRESS, 1 patient (2.8%) with SJS, and in 2 patients (50%) with TEN.
Finally, 6 patients (85.7%) with DRESS, 24 patients (66.7%) with SJS, and 3 (75%) patients
with TEN experienced a fever. The median fever duration was 5 days (IQR, 4-8) in the DRESS
group, 4 days (IQR, 2-6) in the SJS group, and 13 days (IQR, 10-21.5) in the TEN group.

Laboratory abnormalities were found in 4 (57.1%) patients in the DRESS group, 17 (47.2%)
patients in the SJS group, and in all patients in the TEN group. The most common laboratory
abnormality was eosinophilia and leukocytosis in the DRESS group (42.9%, n = 3),
leukopenia in the SJS group (27.8%, n =10) and eosinophilia in the TEN group (75%, n = 3).
On the other hand, liver enzyme abnormalities were noted in all patients in the DRESS group,
13 (36.1%) patients in the SJS group, and 2 (50%) patients in the TEN group. Renal function
abnormalities were only noted in the SJS group and the TEN group (1 patient for each).

Treatment

The medications used to treat pediatric SCARs are listed in Table 4. Of all the patients
examined, 36 (76.6%) received systemic steroids and 21 (44.7%) received intravenous
immunoglobulin (IVIG). Thirteen patients (27.7%) received both systemic steroids and IVIG.
When patients were divided by treatment option according to type of SCAR, all patients with
DRESS received systemic steroids and 3 (42.9%) received additional IVIG. In the SJS group,
25 (69.5%) patients received systemic steroids, 14 (38.9%) patients received IVIG, and 6
(16.7%) patients received both systemic steroids and IVIG. Only 1 patient (2.1%) in the SJS
group received cyclosporine concomitantly with systemic steroids. All 4 patients with TEN
received both systemic steroids and IVIG. The most common steroids used to treat SCARs
were methylprednisolone (36.2%, n =17) and prednisolone (25.5%, n =12). Dexamethasone
(10.6%, n = 5), hydrocortisone (2.1%, n = 1) and deflazacort (2.1%, n = 1) were also used. The
median duration of steroid treatment was 31 days (IQR, 13-134) in the DRESS group, 2.5 days
(IQR, 0.0-9.0) in the SJS group, and 6 days (IQR, 5-22) in the TEN group.

Table 4. Medications to treat pediatric SCARs

Characteristic DRESS (n =7) SJS (n = 36) TEN (n = 4) Total (n = 47)

Steroid use only 4 (57.1) 19 (52.8) 23 (48.9)
Methylprednisolone 3 10 4 17
Prednisolone 3 9 12
Dexamethasone 1 4 5
Hydrocortisone 1 1
Deflazacort 1 4 5

IVIG use only 8(22.2) 8 (17.0)

IVIG + Steroid 3(42.9) 6 (16.7) 4(100) 13 (27.7)

Cyclosporine 1(2.8) 1(2.)
Total steroid use days 31 (13-134) 2.5 (0.0-9.0) 6 (5-22)

Other medication 2(28.6) 14 (38.9) 1(25.0) 17 (36.2)
Antibiotics 1 3 4
Acyclovir 1 1
Mupirocin 1 1
Antihistamine 8 8
L-cartinine 1 1
UDCA 1 1
Fentanyl 1 1

Values are presented as number (%) or median (IQR).
DRESS, drug reaction with eosinophilia and systemic symptoms; IQR, interquartile range; IVIG, Intravenous immunoglobulin; SCARs, severe cutaneous adverse
reactions; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis; UDCA, ursodeoxycholic acid.
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Table 5. Progression and prognosis of the pediatric SCARs

Characteristic DRESS (n =7) SJS (n = 36) TEN (n=4) Total (n = 47)
Latency time (day) 23.5 (17.3-32.8) 4 (1-13) 6.5 (0.8-16) 7.5 (1.75-19.0)
Duration of symptom (day) 15 (9.5-19) 12 (8-15) 32.5 (26.8-62) 13 (9.0-17.0)
Duration of admission(day) 12 (9.5-16.5) 10 (6.8-12.3) 30.5 (24.3-60.5) 10 (7.0-15.0)
ICU care 1(14.3) 1(2.8) 2 (50.0) 4 (8.5)
Clinical outcome
Recovery 7 (100) 33(91.7) 2 (50.0) 42 (89.4)
Sequelae 2 (5.6) 1(25.0) 3(6.4)
Skin 2 2
Skin/skin appendage 1 1
Death 1(25.0) 1(27)

Values are presented as number (%) or median (IQR).
SCARSs, severe cutaneous adverse reactions; DRESS, drug reaction with eosinophilia and systemic symptoms; SJS, Stevens-Johnson syndrome; TEN, toxic
epidermal necrolysis; ICU, intensive care unit; IQR, interquartile range.

Seventeen patients (36.1%) required further treatment in addition to the treatments indicated
above. One DRESS patient and 3 SJS patients required antibiotics for a concurrent infection.
One patient with DRESS required L-carnitine, 8 patients with SJS required antihistamines,
and 1 required acyclovir. The other patient with TEN required fentanyl for pain control.

Progression and prognosis

The progression and prognosis of pediatric SCAR cases are shown in Table 5. The median
latency between drug administration and symptom expression was 23.5 (IQR, 17.3-32.8) days
in the DRESS group, 4.0 days (IQR, 1.0-13.0) in the SJS group and 6.5 days (IQR, 0.8-16.0)
in the TEN group. The median duration of symptoms was 15.0 days (IQR, 9.5-19.0) in the
DRESS group, 12.0 days (IQR, 8.0-15.0) in the SJS group and 32.5 days (IQR, 26.8-62.0)

in the TEN group. The median duration of admission was 12.0 days (IQR, 9.5-16.5) in the
DRESS group, 10.0 days (IQR, 6.8-12.3) in the SJS group and 30.5 days (IQR, 24.3-60.5) in
the TEN group. One patient in the DRESS group, 1 patient in the SJS group, and 2 patients

in the TEN group were transferred to the intensive care unit (ICU). In the DRESS and SJS
groups, the patients spent 7 and 3 days in the ICU, respectively. The 2 patients in the TEN
group spent 5.0 days and 14.0 days in the ICU. Three (6.4%) patients experienced permanent
skin and/or skin appendage sequelae. One of the 4 patients with TEN died.

DISCUSSION

This study found that SJS comprised the majority of the total 47 pediatric SCAR cases,
followed by DRESS and TEN. The majority of patients were male, antibiotics and
antiepileptics were the most common culprit drugs, and respiratory infections were the most
common comorbidities. The clinical presentations of DRESS, SJS and TEN varied remarkably,
and thus their clinical characteristics could not be explained along a single continuous
disease spectrum. In this study, systemic steroids were the most common treatment of
choice, and the mortality rate from pediatric SCARs was 2.1%. This is the first study to
describe the clinical characteristics, current treatment modalities and prognosis of pediatric
SCAR cases in Korea.

The culprit drug for SCAR events in this study was identified in 95.7% of the total assessed
cases, which is comparable to 93.1% in a large-scaled pediatric research.’” However, it is
higher than that of adult cases where 30% of SJS/TEN cases presented no causative drug.*
Considering that SCAR can be induced by infections such as HIV, hepatitis virus, herpes virus
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and Mycoplasma pneumoniae,® it can be possible that part of SCARs associated with infection
may have been regarded as SCARs due to antibiotics or antipyretics in children.

In the present study, we found that commonly used drugs were often the cause of pediatric
SCARs; this tendency was observed across all SCAR groups. Importantly, antibiotics and
antipyretics are among the most commonly used drugs in children,'® and we found that
beta-lactam and macrolide antibiotics were the most common SCAR culprits in the present
study. Antiepileptics, which were also found to be associated with high rates of SCARs in
this study, are not commonly used in children; however, when they have been prescribed,
they are used chronically. Our findings are consistent with those of a previous study, which
reported a tendency for children to be most frequently affected by commonly used drugs,
while adults are affected most frequently by specific drugs such as allopurinol, neuroleptics
or antihypertensives.”

One interesting finding of the present study was that 57.4% of the patients experienced
pediatric SCARs from a single drug. This differs from that of a previous study which found
that 92.6% of pediatric SCAR cases resulted from a single drug.® Moreover, most cases

of SCARs in the present study resulted from orally administered medications; only 1 was
associated with intravenous drug administration. This finding also contrasts with that of a
previous report, which found that SCARs tended to occur more frequently after non-oral drug
administration.”® Furthermore, 2 patients (4.3%) developed SCARs while they took systemic
steroid and, in 1 out of 4 cases of TEN, oral steroid was suspected, which was not expected in
another large-scaled pediatric research.” In the literature, the rate of steroid hypersensitivity
reaction is as low as 0.1%0.3%,"* but the incidence of SCAR due to systemic steroid was
not known. In a case-control study conducted by the EuroSCAR group, exposure to systemic
steroid around the time of manifestation was as high as 14.8% in the SJS/TEN group.? In that
study, however, 55% of subjects with steroid-associated SJS/TEN were already taking another
concomitant medication that are classified as high-risk for SCARs. Therefore, it is true that
the systemic steroid can cause SCARs, but the result needs to be cautiously interpreted.

It has been proposed that DRESS, SJS and TEN are not individual diseases but rather exist
along a SCAR spectrum.? However, our results showed that DRESS was associated with
different clinical characteristics than SJS or TEN. In DRESS cases, the area of skin damage
could be as high as 90%, but resolved spontaneously and completely in 7 days. However, in
SJS and TEN cases the area of skin damage was much smaller, but the damage did not recover
in 7 days and left unresolved skin or mucosal damage. Furthermore, the involvement of the
mucosa, most commonly in oral, labial and ocular zones, was shown in the SJS and TEN
groups, but not in the DRESS group as has previously been reported.’

In the present study, we found that SCARs were accompanied by various systemic symptoms.
This has previously been reported,” but is some discrepancy between our results and
previous findings. For example, while lymphadenitis was previously reported to be a common
symptom of DRESS, " it more frequently occurred with SJS and TEN in the SCAR cases that
we analyzed. The pathogenesis of SCARSs is not fully understood. However, considering

that SCAR is associated with the activation of CD8+ cytotoxic cells,** the presence of
lymphadenitis may serve as a positive diagnostic indicator of suspected SCARs in children.

On the other hand, thrombocytopenia and eosinophilia were observed in many cases,
though atypical lymphocytosis was not as common as leukocytosis or leucopenia. Recently,
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in addition to SCARs caused by drugs, it has been proposed that infections, such as those
resulting from mycoplasma or viruses, might cause SCARs.">* This suggests that pediatric
SCARs are heterogeneous, with various etiologies based on patient background.

An additional source of variability and heterogeneity among pediatric SCARs found in

the present study was the latency period between drug initiation and the time at which
SCARs developed. We found that DRESS had a longer median time (23.5 days) between
administration of the first causative drug dose and the onset of symptoms than did the SJS
(4.0 days) or TEN (6.5 days) groups. Previous studies have reported similar findings, with

an average latency period of 22 days in DRESS cases® and a shorter time period for both
TEN and SJS than for DRESS, with symptoms generally emerging within the first 7 days of
exposure.”? This longer latency time in DRESS than in TEN/SJS indicate that early signs and
symptoms of DRESS (fever, lymphadenopathy, flu-like symptoms, sore throat or dysphagia,
burning pain and pruritus) can easily be overlooked or misdiagnosed.*

AS for prognoses, TEN was associated with a much higher ICU transfer rate (50%) and a
much longer median admission period (30.5 days) than SJS. Patients with skin detachment of
more than 30% carry an increased risk of different systemic complication, it is recommended
to transfer subjects with severe SJS/TEN.?*° Furthermore, the TEN mortality rate was 25%

(1 of 4 cases) compared to a total mortality rate of 2.1% among the 3 groups. This result is
comparable to the mortality rate of 1%—-5% for SJS and 25%--30% for TEN? and it shows the
need for an urgent and special care for subjects with TEN.

Treatment for pediatric SCARs are primarily based on supportive care—that is, withdrawal
of the culprit drug, close monitoring and supportive care.”® Other immune-modulating
treatments, such as systemic corticosteroids, IVIG and cyclosporines, are commonly used
in persistent cases.! In this study, systemic corticosteroid treatment was most commonly
adopted, followed by IVIG. Both systemic corticosteroids and IVIG were administered to
27.7% of the patients assessed. However, in spite of more recent data that finds a favorable
outcome from cyclosporine on SCAR progression® and mortality rates,”* cyclosporine was
introduced in only 1 case, which keeps parallel to the fact that no SJS/TEN cases adopted the
cyclosporine treatment in the large pediatric study.” Considering that conflicting results and
the possible risk associated with systemic corticosteroids in SCARs cases,®* further studies
are warranted to verify the safety and the efficacy of cyclosporine as the primary option for
SCAR treatment.

The present study has a few limitations. All patients in the present study were diagnosed
with SCARs based on a clinical assessment and most did not undergo a skin biopsy and/

or patch testing for suspected drug sensitivity. Given that we analyzed cases diagnosed

at referral tertiary university hospitals, milder cases treated at regional centers, where
spontaneous resolution was achieved by a simple discontinuation of the offending drug,
were not included. Nevertheless, this study is valuable because it is the first to assess the
Korean representative SCARs registry for pediatrics cases, as per the internationally-accepted
RegiSCAR criteria.

In conclusion, a high proportion of Korean pediatric SCARs cases occurred in responses

to antibiotic and antiepileptic drugs that are commonly or chronically administered orally.
The latency period between drug administration and the development of SCARs varied, and
nonspecific symptoms, which were indistinguishable from viral or other infections, often
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indicated the early stages of SCAR development. None of the early signs noted could predict
SCARs development; additionally, the extent of resulting skin damage could not be used to
predict the development of sequelae. Thus, clinical suspicion should remain the primary
method of rapidly diagnosing SCARs and providing prompt treatment.
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