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ABSTRACT

Introduction and objectives: Toxic epidermal necrolysis (TEN) is a rare, life-threatening disease of the skin and mucous
membranes. It is characterised by extensive desquamation of the epidermis, severe systemic involvement and a high mortality
rate. Despite its rarity, it poses a significant clinical challenge due to its rapid progression and the risk of serious
complications. The aim of this study was to present the current state of knowledge regarding the etiology, pathogenesis,
clinical presentation and treatment strategies for TEN.

Methods: A narrative review was conducted using PubMed and Google Scholar databases. Publications from 2010 to 2026
were included.

Key findings: TEN is most often drug-induced and affects the skin and mucous membranes, with a high risk of mortality.
Current evidence points to a key role for cytotoxic immune responses, particularly CD8+ T cells and granzyme B, in the
pathogenesis of this disease. The cornerstone of treatment remains rapid discontinuation of the causative agent and intensive
supportive care. However, immunomodulatory therapies are increasingly recognized as adjunctive treatment options.
Conclusions: Despite advances in understanding the pathogenesis of TEN, this disease is still associated with high mortality
and risk of severe complications. Early diagnosis, prompt discontinuation of the causative agent, and supportive care are
crucial to improving prognosis. Further research into targeted therapies and the development of uniform standards for clinical
management remain essential.
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1. Introduction

Toxic epidermal necrolysis (TEN), also known as Lyell’s Syndrome, is a rare, life-threatening disorder
characterized by widespread destruction of the epidermis and mucous membranes. Clinically, it manifests as
extensive sheet-like detachment of the skin accompanied by severe mucosal involvement, most commonly
triggered by drug exposure (Abtahi-Naeini et al., 2024). TEN is closely related to Stevens-Johnson syndrome
(SJS). This classification is based on the extent of body surface area (BSA) detachment: SJS involves less than
10%, SJS/TEN overlap involves 10-30%, and TEN involves more than 30% (Justice et al., 2025). TEN is a
rare condition, with an estimated incidence of about 1-2 cases per million individuals each year (Canhéo et al.,
2022). Females are affected more frequently than males, with an approximate ratio of 1.5:1 (Frantz et al., 2021).
The associated mortality remains significant, ranging between approximately 25% and 35% (Canhéo et al.,
2022). Despite its rarity, TEN is a severe and potentially life-threatening condition that may arise following
exposure to widely used medications, often in an unpredictable manner. The aim of this review is to summarize
the current knowledge about this disorder, with particular emphasis on its etiology, clinical features,
immunopathogenesis, and current treatment strategies and their outcomes.

2. Methodology

A narrative literature review was conducted using PubMed and Google Scholar. Publications published
from 2010 to early 2026 were considered. The search was performed using combinations of the following
keywords: "toxic epidermal necrolysis," "Stevens-Johnson syndrome," "drug hypersensitivity," "granulysin,"
"SCORTEN," "ALDEN," "keratinocyte apoptosis," and "treatment of TEN." Original articles, systematic
reviews, meta-analyses, clinical guidelines, and selected case series published in English were included.

Although publications from 2010 to 2026 were included in the review, particular emphasis was placed
on studies published between 2016 and 2026 due to significant advances in understanding the
immunopathogenesis of TEN, genetic susceptibility, and emerging research on new therapeutic strategies
during this period. The publication selection process included reviewing titles and abstracts to exclude works
not directly related to the topic of toxic epidermal necrolysis. Subsequently, the full texts of eligible articles
were assessed for their substantive value, current data, and clinical relevance to the etiology, pathogenesis, and
treatment of TEN. Following the final evaluation process, 43 publications were included in the review.

3. Etiology

3.1 Drug Hypersensitivity as the Main Etiological Factor in TEN

The vast majority of cases, exceeding 80%, are linked to prior drug exposure, most commonly involving
antimicrobial agents (such as sulfonamides), antiepileptic drugs, allopurinol, and nonsteroidal anti-inflammatory
drugs (NSAIDs) (Shah et al., 2024). Additionally, immune checkpoint inhibitors (ICIs), which enhance T-cell
activity in a non-specific manner, are recognized as potential triggers of TEN (Hung et al., 2024). Table 1
summarizes examples of drugs associated with toxic epidermal necrolysis reported in the literature.

Table 1. Examples of drugs associated with toxic epidermal necrolysis (TEN)
(Shah et al., 2024; Obed et al., 2025)

Group Representative drugs

Antibiotics Piperacillin/Tazobactam
Trimethoprim/Sulfamethoxazole
Amoxicillin

Doxycycline

Ciprofloxacin

Vancomycin

Anticonvulsants Carbamazepine
Lamotrigine
Phenobarbital
Phenytoin

Antiretroviral Nevirapine

Other drugs Allopurinol
NSAIDs (Isoxicam, Piroxicam)
Immune checkpoint inhibitors (Pembrolizumab)
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Drug metabolites can induce a cytotoxic immune response mediated by CD8+ T lymphocytes and
natural killer cells, leading to keratinocyte apoptosis (Obed et al., 2025). Symptoms typically develop within
4 to 28 days after initiation of the offending medication. However, latency varies, with rare cases of delayed
onset occurring up to several months after drug exposure, particularly with lamotrigine. Conversely, rapid-
onset reactions develop within a few days, for example in association with acetaminophen and penicillin (Shah
et al., 2024). The ALDEN (Algorithm of Drug Causality for Epidermal Necrolysis) scoring system is widely
used to determine the probability of drug causality in TEN, especially in cases involving polypharmacy (Lee
et al., 2023). This algorithm evaluates six key criteria to determine the most probable causative drug when
multiple drugs are suspected. These include: (1) the time interval between initial drug exposure and onset of
the reaction (index day); (2) the presence of the drug in the body at the index day; (3) previous exposure or
rechallenge; (4) drug withdrawal (dechallenge); (5) the known association of the drug with TEN (notoriety);
and (6) other causes (de Bustros et al., 2022). The ALDEN score should be calculated for each drug taken by
the patient, with total scores ranging from —12 to +10. Based on the final score, drugs are classified into five
categories: very probable (>6), probable (4-5), possible (2-3), unlikely (0—1), and very unlikely (<0) (Canhao
etal., 2022).

3.2 Genetic Susceptibility

Genetic predisposition also plays a significant role in susceptibility to TEN. Specific human leukocyte
antigen (HLA) alleles have been strongly associated with an increased risk of drug-induced reactions. In
particular, HLA-B*15:02 and HLA-B*15:11 are linked to a higher risk of TEN in patients treated with
carbamazepine (Abulatan et al., 2023). In their study, Rika Yuliwulandari et al. demonstrated that the HLA-
B*15:02 allele was identified in 66.7% of patients with carbamazepine-induced TEN (Yuliwulandari et al.,
2017). Similarly, HLA-B*58:01 is strongly associated with allopurinol-induced TEN. Beyond HLA-associated
risk, genetic polymorphisms affecting drug metabolism may also contribute to disease development. Variants
in the CYP2C19 gene, which encodes a cytochrome P450 enzyme, have been associated with an increased risk
of TEN in patients receiving antiepileptic drugs such as phenobarbital, phenytoin, and carbamazepine
(Abulatan et al., 2023).

3.3 Infectious Triggers

Non-drug-related cases of TEN are more commonly observed in younger populations, including
children, adolescents, and young adults, compared with older individuals, largely due to the greater
contribution of infectious triggers in these age groups (Hung et al., 2024). Among non-drug factors, viral
infections and Mycoplasma pneumoniae play a significant role in the development of SJS or TEN, especially
in pediatric patients. Mycoplasma pneumoniae is considered one of the most common infectious causes,
accounting for approximately 19-26% of cases (Watanabe & Hama, 2025). It may be challenging to
distinguish whether symptoms such as fever, rhinorrhea, or conjunctivitis are attributable to an acute infection
or represent the prodromal phase of TEN. Furthermore, patients frequently report the use of analgesic and anti-
inflammatory medications to relieve these symptoms (Bordeanu-Diaconescu et al., 2024). As a result, it is
often difficult to determine whether TEN was triggered by the underlying infection or by the medications used
for its treatment.

4. Immunopathogenesis of TEN

4.1 Fas—FasL Pathway in Keratinocyte Apoptosis

The Fas—Fas ligand (FasL) pathway represents one of the key mechanisms involved in keratinocyte
apoptosis in TEN. FasL, produced by cytotoxic CD8+ T lymphocytes and natural killer (NK) cells, binds to
Fas receptors on target cells, thereby activating the caspase cascade and inducing apoptosis. Under
physiological conditions, Fas is expressed on the cell surface, whereas FasL is primarily localized
intracellularly. Upon activation of apoptotic signaling pathways, FasL is translocated to the cell surface
(Hasegawa & Abe, 2024). Increased serum levels of soluble Fas ligand (sFasL) have been noted in patients
with SJS/TEN (Justice et al., 2025), which may be associated with disease activity.
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4.2 Granulysin- and Granzyme B—Mediated Cytotoxicity in TEN

Granulysin and granzyme B are key mediators of skin injury in TEN. During the acute phase of the
disease, these molecules are present at elevated levels in both serum and blister fluid, reflecting drug-induced
immune activation (Srinoulprasert et al., 2026). CD8+ T lymphocytes and NK cells exert their cytotoxic effects
through the release of perforin and granzyme B. Perforin forms pores in the target cell membrane, thereby
facilitating the entry of granzyme B. Once inside, granzyme B, a serine protease, induces apoptosis by
activating key executioner caspases, particularly caspase-3 and caspase-7 (Justice et al., 2025).

Granulysin interacts with cell membranes, disrupting their integrity and leading to mitochondrial
damage and ultimately cell death. Its expression is upregulated following activation of T cells and NK cells.
Notably, granulysin expression in blister-derived cells from SJS/TEN patients is 10-20 times higher than in
peripheral blood mononuclear cells (PBMCs). In comparison, the increase in other cytotoxic mediators is less
pronounced, including granzyme B (8-fold), perforin (3-fold), and Fas ligand (2-fold), suggesting that
granulysin plays a dominant role in mediating keratinocyte apoptosis in SJS/TEN (Justice et al., 2025).

5. Clinical Presentation

TEN typically begins with a short prodromal phase (1-3 days) marked by high fever and influenza-like
symptoms, followed by rapidly progressive mucocutaneous involvement (Singh & Phillips, 2022).
Involvement of mucosal surfaces is observed in the vast majority of cases (>90%), most frequently affecting
the ocular, oral, and genital regions, where it presents as conjunctival inflammation, painful oral erosions, and
genital ulcerations (Breidung et al., 2025). Cutaneous manifestations are typically characterized by abrupt
onset of a painful, burning macular exanthema. Lesions initially appear symmetrically on the face, proximal
extremities, and upper trunk, often sparing the scalp, before rapidly disseminating. The eruption often reaches
maximal extent within four days, although in severe cases progression may occur within hours (Bordeanu-
Diaconescu et al., 2024). Severe cases are characterized by widespread epidermal detachment with sheet-like
desquamation (positive Nikolsky sign) (Naik, 2022). In addition to cutaneous manifestations, TEN is
characterized by early systemic involvement affecting the respiratory tract, gastrointestinal mucosa, and
kidneys, with gastrointestinal involvement presenting as severe diarrhea and renal involvement potentially
leading to acute tubular necrosis and acute kidney injury (Surowiecka et al., 2023).

6. Management of Toxic Epidermal Necrolysis

The management of TEN begins with the immediate identification and withdrawal of the causative agent.
The ALDEN scale and the Liverpool Adverse Drug Reaction Causality Assessment Tool (ADR CAT) have
been shown to be effective in identifying the suspected offending drug (Gallagher et al., 2011; Sassolas et al.,
2010). Prognostic evaluation is commonly performed using the Severity-of-Illness Score for Toxic Epidermal
Necrolysis (SCORTEN), which remains the most extensively validated tool to date (Dobry et al., 2022;
Gallagher et al., 2011). It has demonstrated superior predictive accuracy compared with alternative scoring
systems, including the ABCD-10 algorithm developed by Noe et al. (2019). These prognostic models may
support clinical decision-making, including the need for intensive care unit admission or transfer to a
specialized burn center (Frantz et al., 2021).

6.1 Supportive care

Management is difficult due to the rarity of the disease and the lack of high-quality randomized
controlled trials. The basis of treatment remains supportive care, including airway protection, pain control,
fluid and electrolyte management, nutritional support, and prophylaxis of stress ulcers and deep vein
thrombosis. Multidisciplinary involvement is essential, including specialists in dermatology, intensive care,
ophthalmology, oral medicine, and urology (Shah et al., 2024).

6.2 Wound management

Patients with TEN require wound care comparable to that used in severe burn injuries due to extensive
epidermal loss. Current dermatological guidelines generally discourage early surgical intervention, favoring
conservative management strategies instead (Seminario-Vidal et al., 2020). Appropriate wound care involves
the use of non-adherent dressings that minimize trauma to the epidermis and reduce the risk of infection
(Schneider & Cohen, 2017). Castillo et al. compared simple and advanced dressings (fiber-based, biologic,
synthetic) and found modern options may support standard care, though more studies are needed to confirm
their effect on healing time (Castillo et al., 2018). Regarding wound cleansing strategies, comparative studies
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assessing early debridement techniques (including water-jet systems combined with synthetic dressings)
versus conservative approaches have shown no definitive superiority of either method, with similar outcomes
in terms of mortality and re-epithelialization time (Creamer et al., 2016).

6.3 Systemic therapy

Systemic treatment of TEN remains controversial due to limited evidence and the rarity of the condition.
Therapeutic decisions are based mainly on observational studies, case series, and meta-analyses rather than on
randomized controlled trials (Surowiecka et al., 2023).

Oral or intravenous corticosteroids are commonly used in the treatment of TEN. Some studies suggest
that early initiation of high-dose therapy, particularly within the first 24—48 hours of symptom onset, may
improve patient outcomes (Shah et al., 2024). However, the effectiveness of corticosteroid therapy remains
controversial. Previous reports highlighted an increased risk of infections, including sepsis, and a lack of a
clear effect on mortality, whereas more recent systematic reviews and meta-analyses suggest potential benefits
of systemic corticosteroids in patients with TEN compared with supportive care (Hsieh et al., 2021).

Ciclosporin A is considered a promising therapeutic option for TEN. Multiple studies have reported
improved survival outcomes compared with supportive care alone (Gonzalez-Herrada et al., 2017; Lee et al.,
2017; Torres-Navarro et al., 2021). However, its efficacy may be reduced in patients with significant
comorbidities, particularly renal impairment, and this should be considered when selecting therapy (Noe et al.,
2018).

Tumor necrosis factor-alpha (TNF-a) inhibitors, such as etanercept, represent an emerging therapeutic
option in TEN, with limited but growing evidence suggesting potential benefit.

These agents represent a novel and increasingly studied therapeutic strategy. Evidence suggests that
etanercept, particularly with corticosteroids, may reduce mortality and accelerate re-epithelialization.
Therefore, combination therapy may be an alternative for patients with severe disease or poor response to
corticosteroids. Nevertheless, further research is required to confirm these findings (Tian et al., 2022; Zhang
etal., 2022). Current evidence is limited primarily to observational studies and small patient cohorts, restricting
the generalizability of reported benefits.

Despite previous evidence suggesting the potential efficacy of IVIG, current data do not clearly support
its clinical benefit in TEN. More recent systematic reviews and meta-analyses have not demonstrated a
significant improvement in survival compared with supportive care alone, a finding also supported by
retrospective studies that found no association between IVIG dose and patient outcomes. The lack of consensus
and inconsistent clinical data suggest a need for further research on the efficacy of IVIG in the treatment of
TEN (Charlton et al., 2020).

6.4 Special populations and emerging therapies

Special populations, such as pregnant patients and children, may require individualized treatment and
dose adjustments due to altered pharmacokinetics and safety (Shah et al., 2024). Current treatment strategies
primarily focus on inflammation suppression. Increasing insight into disease pathogenesis has led to the
development of several novel targeted therapies, including the human monoclonal antibody PC111, formyl
peptide receptor 1 (FPR1) antagonists, Janus kinase (JAK)/signal transducer and activator of transcription
(STAT) inhibitors, and daratumumab, an anti-CD38+ monoclonal antibody (Hama et al., 2024).

7. Complications and Outcomes

7.1 Infections and Sepsis

TEN is associated with a high mortality rate, estimated at 25-35%, primarily due to infectious
complications and multi-organ failure (Canhdo et al., 2022). Prevention of sepsis remains a critical component
of management (Sunaga et al., 2022). Patient management requires ongoing clinical surveillance, including
assessment of vital signs and targeted testing for infectious complications. Routine antibiotic prophylaxis is
not recommended, but antimicrobial therapy should be initiated immediately after infection is confirmed (Shah
et al., 2024).
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7.2 Quality of life

TEN is a severe condition with a broad spectrum of complications. Affected patients report a
significantly reduced quality of life and impaired physical functioning compared to the general population,
particularly among younger individuals (Chiu & Chiu, 2023). Multidisciplinary follow-up is recommended
both during the acute phase and after hospital discharge. Survivors frequently experience significant
psychosocial sequelae, including post-traumatic stress disorder (PTSD), depression, and anxiety. Clinicians
should remain vigilant for these conditions, incorporate validated screening tools into mental health
assessments, and refer patients to appropriate support groups (Hoffman et al., 2021).

7.3 Somatic complications

Beyond psychosocial sequelae, survivors are also at risk of a wide range of long-term somatic
complications. They most commonly involve the skin, eyes, and oral mucosa, but may also affect the
respiratory, gastrointestinal, genitourinary, and otorhinolaryngological systems (Hoffman et al., 2021). Long-
term somatic complications are presented in table 2.

Table 2. Classification of long-term somatic complications of toxic epidermal necrolysis by organ system
(Shah et al., 2024).

General fatigue, malaise, sleep disturbances, chronic pain

Cutaneous dyspigmentation, photosensitivity, abnormal sweating, scarring, nail
and hair loss, post-inflammatory skin changes

Ocular dry eye, eyelid dysfunction, symblepharon, chronic ocular surface

inflammation, conjunctivalization of the cornea, keratinization,
neovascularization, punctal damage and tear duct scarring,
photophobia, visual impairment

Oral mucosa dryness, dental caries, abnormal root development, hypoplasia of
permanent teeth, mucosal scarring, loss of tongue papillae
Pulmonary dyspnea, cough, wheezing, obstructive lung disease (i.e., bronchiolitis

obliterans, bronchiectasis)

Gastrointestinal | intestinal ulcers, dysphagia, esophageal strictures or webs
Genitourinary dyspareunia, vulvar and vaginal adenosis or stenosis, labial fusion,
subfertility or infertility (secondary to menstrual abnormalities),
urethral erosions and strictures, balanitis, phimosis

7.4 Multidisciplinary follow-up

A multidisciplinary follow-up schedule proposed by Ingen-Housz-Oro et al. recommends evaluation by
a dermatologist, ophthalmologist, and psychiatrist or psychologist within 1-2 months after discharge.
Additional consultations with a pulmonologist, gynecologist or urologist, and dietitian should be arranged as
clinically indicated. At 6 months, reassessment by the relevant specialists is advised based on individual patient
needs, along with a dental evaluation. This time point is also suitable for a comprehensive allergy work-up.
After 1 year, continued dermatological follow-up is recommended to reassess patient needs and coordinate
ongoing multidisciplinary care (Ingen-Housz-Oro et al., 2023).

8. Recovery and Rehabilitation

Toxic Epidermal Necrolysis leads to long-term complications affecting biological, psychological, and
social functioning. Survivors frequently experience widespread pain, severe fatigue, physical changes, and a
significant psychological burden, including health-related anxiety and disrupted interpersonal relationships.
Post-discharge follow-up is often insufficient, contributing to reduced trust in healthcare systems and
highlighting gaps in patient education, coordination of services, and access to mental health support (Martin-
Pozo et al., 2026).

Early rehabilitation during hospitalization, followed by continued multidisciplinary follow-up, is
essential to improve recovery and long-term outcomes. Ophthalmic complications require early treatment and
visual rehabilitation, followed by ongoing specialist monitoring after discharge (Akgun et al., 2025). The same
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applies to vulvovaginal changes, indicating that gynecological assessment and support should also be included
in long-term management (DenAdel et al., 2022).

Overall, these findings highlight the need for coordinated care pathways and better education of
healthcare professionals managing TEN survivors.

9. Conclusions

Toxic epidermal necrolysis remains a rare but severe and life-threatening drug-induced disease
characterized by extensive keratinocyte apoptosis and high mortality. Current evidence suggests a key role for
cytotoxic immune mechanisms, particularly CD8+ T cells and effector molecules such as granulysin and
granzyme B, in the pathogenesis of the disease.

Despite advances in understanding the underlying mechanisms, supportive care and prompt drug
discontinuation remain the cornerstone of treatment. New immunomodulatory therapies show potential
benefits, but their effectiveness remains limited and inconsistent. The high risk of infectious complications,
long-term sequelae, and impaired quality of life underscores the importance of multidisciplinary treatment and
structured, long-term follow-up. Further research is needed to develop standardized, targeted treatment
strategies and improve clinical outcomes in patients with TEN.

Author’s contribution:

Conceptualization: Natalia Nalecz

Methodology: Natalia Nalecz, Zuzanna Jankowska
Formal analysis: Natalia Natgcz

Investigation: Natalia Nalecz, Zuzanna Jankowska
Resources: Natalia Naltecz, Zuzanna Jankowska
Data curation: Natalia Natecz, Zuzanna Jankowska
Writing - rough preparation: Natalia Nalecz
Writing - review and editing: Natalia Nalecz, Zuzanna Jankowska
Visualization: Natalia Natecz

Supervision: Natalia Nalecz, Zuzanna Jankowska
Project administration: Natalia Natecz

All authors have read and agreed with the published version of the manuscript.

Funding Statement: The study did not receive special funding.

Conflict of Interest Statement: The authors declare no conflicts of interest

Declaration of the use of generative Al and Al-assisted technologies in the writing process: In
preparing this manuscript, the authors used generative Al tools (ChatGPT, OpenAl) to assist with drafting,
language editing, and improving the clarity and structure of selected sections of the text. After using these
tools, the authors reviewed and edited the content as necessary and accept full responsibility for the substantive
content of the publication.

e-ISSN: 2544-9435 7



3(51) (2026): International Journal of Innovative Technologies in Social Science

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Abtahi-Naeini, B., Pourmahdi-Boroujeni, M., Rastegarnasab, F., & Emamjomeh, A. (2024). A review on toxic
epidermal necrolysis-like superficial wound lesions: Issue and challenge on 10 clinical entities. International Wound
Journal, 21(12), €70117. https://doi.org/10.1111/iwj.70117

Abulatan, I. T., Ben-David, S. G., Morales-Colon, L. A., Beason, E., & Fakoya, A. O. (2023). A compilation of drug
etiologies of Stevens-Johnson syndrome and toxic epidermal necrolysis. Cureus, 15(11), e48728.
https://doi.org/10.7759/cureus.48728

Akgun, Z., Can, G. D., & Selver, O. B. (2025). Ocular involvement in Stevens-Johnson syndrome and toxic
epidermal necrolysis: A review of current management and changing trends. Indian Journal of Ophthalmology,
73(12), 1711-1722. https://doi.org/10.4103/1JO.1JO_1119 25

Bordeanu-Diaconescu, E. M., Grama, S., Grosu-Bularda, A., Frunza, A., Dumitru, C. S., Andrei, M. C., Creanga, C.
A., Neagu, T. P., & Lascar, 1. (2024). Toxic epidermal necrolysis—Clinicopathological aspects and therapeutic
management. Romanian Journal of  Morphology and  Embryology, 65(4), 765-773.
https://doi.org/10.47162/RIME.65.4.23

Breidung, D., Delavari, S., Megas, I. F., Geierlehner, A., Hitzl, W., Bodenschatz, K. J., Karcz, K., Ehrl, D., & Billner,
M. (2025). Epidemiological characteristics and prognostic scoring in toxic epidermal necrolysis and Stevens-
Johnson syndrome: Insights from a 17-year burn center experience. Medicina, 61(1), 66.
https://doi.org/10.3390/medicina61010066

Canhdo, G., Pinheiro, S., & Cabral, L. (2022). Toxic epidermal necrolysis: A clinical and therapeutic review.
European Burn Journal, 3(3), 407-424. https://doi.org/10.3390/ebj3030036

Castillo, B., Vera, N., Ortega-Loayza, A. G., & Seminario-Vidal, L. (2018). Wound care for Stevens-Johnson
syndrome and toxic epidermal necrolysis. Journal of the American Academy of Dermatology, 79(4), 764—767.c1.
https://doi.org/10.1016/j.jaad.2018.03.032

Charlton, O. A., Harris, V., Phan, K., Mewton, E., Jackson, C., & Cooper, A. (2020). Toxic epidermal necrolysis
and Stevens-Johnson syndrome: A comprehensive review. Advances in Wound Care, 9(7), 426—439.
https://doi.org/10.1089/wound.2019.0977

Chiu, Y. M., & Chiu, H. Y. (2023). Lifetime risk, life expectancy, loss-of-life expectancy, and lifetime healthcare
expenditure for Stevens-Johnson syndrome/toxic epidermal necrolysis in Taiwan: Follow-up of a nationwide cohort
from 2008 to 2019. British Journal of Dermatology, 189(5), 553-560. https://doi.org/10.1093/bjd/ljad234
Creamer, D., Walsh, S. A., Dziewulski, P., Exton, L. S., Lee, H. Y., Dart, J. K., Setterfield, J., Bunker, C. B., Ardern-
Jones, M. R., Watson, K. M., Wong, G. A., Philippidou, M., Vercueil, A., Martin, R. V., Williams, G., Shah, M.,
Brown, D., Williams, P., Mohd Mustapa, M. F., & Smith, C. H. (2016). U.K. guidelines for the management of
Stevens-Johnson syndrome/toxic epidermal necrolysis in adults 2016. British Journal of Dermatology, 174(6),
1194-1227. https://doi.org/10.1111/bjd.14530

de Bustros, P., Baldea, A., Sanford, A., Joyce, C., Adams, W., & Bouchard, C. (2022). Review of culprit drugs
associated with patients admitted to the burn unit with the diagnosis of Stevens-Johnson syndrome and toxic
epidermal necrolysis syndrome. Burns, 48(7), 1561-1573. https://doi.org/10.1016/j.burns.2021.08.009

DenAdel, M. A., Hendrickson, S. E., & Fuchs, E. (2022). Stevens-Johnson syndrome: Past, present, and future
directions—Gynecologic manifestations and management in SJS/TEN. Frontiers in Medicine, 9, 874445.
https://doi.org/10.3389/fmed.2022.874445

Dobry, A. S., Himed, S., Waters, M., & Kaffenberger, B. H. (2022). Scoring assessments in Stevens-Johnson
syndrome and toxic epidermal necrolysis. Frontiers in Medicine, 9, 883121.
https://doi.org/10.3389/fmed.2022.883121

Frantz, R., Huang, S., Are, A., & Motaparthi, K. (2021). Stevens-Johnson syndrome and toxic epidermal necrolysis:
A review of diagnosis and management. Medicina, 57(9), 895. https://doi.org/10.3390/medicina57090895
Gallagher, R. M., Kirkham, J. J., Mason, J. R., Bird, K. A., Williamson, P. R., Nunn, A. J., Turner, M. A., Smyth,
R. L., & Pirmohamed, M. (2011). Development and inter-rater reliability of the Liverpool adverse drug reaction
causality assessment tool. PLOS ONE, 6(12), ¢28096. https://doi.org/10.1371/journal.pone.0028096
Gonzélez-Herrada, C., Rodriguez-Martin, S., Cachafeiro, L., Lerma, V., Gonzélez, O., Lorente, J. A., Rodriguez-
Miguel, A., Gonzalez-Ramos, J., Roustan, G., Ramirez, E., Bellon, T., de Abajo, F. J., & PIELenRed Therapeutic
Management Working Group. (2017). Cyclosporine use in epidermal necrolysis is associated with an important
mortality reduction: Evidence from three different approaches. Journal of Investigative Dermatology, 137(10),
2092-2100. https://doi.org/10.1016/.jid.2017.05.022

Hama, N., Aoki, S., Chen, C. B., Hasegawa, A., Ogawa, Y., Vocanson, M., Asada, H., Chu, C. Y., Lan, C. E.,
Dodiuk-Gad, R. P., Fujiyama, T., Hsieh, T. S., Ito, K., Jerschow, E., Mizukawa, Y., Nakajima, S., Nakamura, K.,
Nicolas, J. F., Satoh, T. K., . . . Abe, R. (2024). Recent progress in Stevens-Johnson syndrome/toxic epidermal
necrolysis: Diagnostic criteria, pathogenesis, and treatment. British Journal of Dermatology, 192(1), 9-18.
https://doi.org/10.1093/bjd/ljae321

e-ISSN: 2544-9435 8



3(51) (2026): International Journal of Innovative Technologies in Social Science

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hasegawa, A., & Abe, R. (2024). Stevens-Johnson syndrome and toxic epidermal necrolysis: Updates in
pathophysiology and management. Chinese Medical Journal, 137(19), 2294-2307.
https://doi.org/10.1097/CM9.0000000000003250

Hoffman, M., Chansky, P. B., Bashyam, A. R., Boettler, M. A., Challa, N., Dominguez, A., Estupinan, B., Gupta,
R., Hennessy, K., Huckell, S. N., Hylwa-Deufel, S., Karikari, N. A., Keller, J. J., Kroshinsky, D., Kullberg, S. A.,
Lake, E., Lee, K. J., Martinez, E., Michels, K., . . . Micheletti, R. G. (2021). Long-term physical and psychological
outcomes of Stevens-Johnson syndrome/toxic epidermal necrolysis. JAMA Dermatology, 157(6), 712-715.
https://doi.org/10.1001/jamadermatol.2021.1136

Hsieh, M. H., Watanabe, T., & Aihara, M. (2021). Recent dermatological treatments for Stevens-Johnson syndrome
and toxic epidermal necrolysis in Japan. Frontiers in Medicine, 8, 636924.
https://doi.org/10.3389/fmed.2021.636924

Hung, S. 1., Mockenhaupt, M., Blumenthal, K. G., Abe, R., Ueta, M., Ingen-Housz-Oro, S., Phillips, E. J., & Chung,
W. H. (2024). Severe cutancous adverse reactions. Nature Reviews Disease Primers, 10(1), 30.
https://doi.org/10.1038/s41572-024-00514-0

Ingen-Housz-Oro, S., Schmidt, V., Ameri, M. M., Abe, R., Brassard, A., Mostaghimi, A., Paller, A. S., Romano, A.,
Didona, B., Kaffenberger, B. H., Ben Said, B., Thong, B. Y. H., Ramsay, B., Brezinova, E., Milpied, B., Mortz, C.
G., Chu, C. Y., Sotozono, C., Gueudry, J., . . . Briiggen, M. C. (2023). Post-acute phase and sequelac management
of epidermal necrolysis: An international, multidisciplinary Delphi-based consensus. Orphanet Journal of Rare
Diseases, 18(1), 33. https://doi.org/10.1186/s13023-023-02631-7

Justice, J., Mukherjee, E., Martin-Pozo, M., & Phillips, E. (2025). Updates in the pathogenesis of SJS/TEN.
Allergology International, 74(3), 361-371. https://doi.org/10.1016/j.alit.2025.05.002

Lee, H. Y., Fook-Chong, S., Koh, H. Y., Thirumoorthy, T., & Pang, S. M. (2017). Cyclosporine treatment for
Stevens-Johnson syndrome/toxic epidermal necrolysis: Retrospective analysis of a cohort treated in a specialized
referral  center.  Journal of the American  Academy  of  Dermatology,  76(1), 106-113.
https://doi.org/10.1016/j.jaad.2016.07.048

Lee, E. Y., Knox, C., & Phillips, E. J. (2023). Worldwide prevalence of antibiotic-associated Stevens-Johnson
syndrome and toxic epidermal necrolysis: A systematic review and meta-analysis. JAMA Dermatology, 159(4), 384—
392. https://doi.org/10.1001/jamadermatol.2022.6378

Martin-Pozo, M. D., Williams, E. A., Bonnet, K. R., Kaffenberger, B. H., Schlundt, D. G., Phillips, E. J., & SJS
Survivor Study. (2026). Recovering from Stevens-Johnson syndrome and toxic epidermal necrolysis. JAMA
Dermatology, 162(1), 24-30. https://doi.org/10.1001/jamadermatol.2025.4345

Naik, P. P. (2022). A contemporary snippet on clinical presentation and management of toxic epidermal necrolysis.
Scars, Burns & Healing, 8,20595131221122381. https://doi.org/10.1177/20595131221122381

Noe, M. H., Mostaghimi, A., Rosenbach, M., Shinkai, K., & Micheletti, R. G. (2018). Selective use of cyclosporine
for Stevens-Johnson syndrome/toxic epidermal necrolysis may exclude patients with poor prognostic factors.
Journal of Investigative Dermatology, 138(9), 2068—2072. https://doi.org/10.1016/j.jid.2018.03.1496

Noe, M. H., Rosenbach, M., Hubbard, R. A., Mostaghimi, A., Cardones, A. R., Chen, J. K., Cotliar, J., Davis, M. D.
P., Dominguez, A., Fox, L. P., Hughey, L. C., Kaffenberger, B. H., Kroshinsky, D., Kwong, B. Y., Miller, D. D.,

Musiek, A., Ortega-Loayza, A. G., Sharon, V. R., Shinkai, K., . . . Micheletti, R. G. (2019). Development and
validation of a risk prediction model for in-hospital mortality among patients with Stevens-Johnson syndrome/toxic
epidermal necrolysis—ABCD-10. JAMA Dermatology, 155(4), 448-454.

https://doi.org/10.1001/jamadermatol.2018.5605

Obed, D., Salim, M., Dastagir, K., Krezdorn, N., Obed, D., & Vogt, P. M. (2025). Stevens-Johnson syndrome and
toxic epidermal necrolysis: A 15-year regional burn center experience. JPRAS Open, 44, 83-92.
https://doi.org/10.1016/j.jpra.2025.02.003

Sassolas, B., Haddad, C., Mockenhaupt, M., Dunant, A., Liss, Y., Bork, K., Haustein, U. F., Vieluf, D., Roujeau, J.
C., & Le Louet, H. (2010). ALDEN, an algorithm for assessment of drug causality in Stevens-Johnson syndrome
and toxic epidermal necrolysis: Comparison with case-control analysis. Clinical Pharmacology & Therapeutics,
88(1), 60—68. https://doi.org/10.1038/clpt.2009.252

Schneider, J. A., & Cohen, P. R. (2017). Stevens-Johnson syndrome and toxic epidermal necrolysis: A concise
review with a comprehensive summary of therapeutic interventions emphasizing supportive measures. Advances in
Therapy, 34(6), 1235—-1244. https://doi.org/10.1007/s12325-017-0530-y

Seminario-Vidal, L., Kroshinsky, D., Malachowski, S. J., Sun, J., Markova, A., Beachkofsky, T. M., Kaffenberger,
B. H,, Ergen, E. N., Mauskar, M., Bridges, A., Calhoun, C., Cardones, A. R., Chen, S. T., Chodosh, J., Cotliar, J.,
Davis, M. D. P., DeNiro, K. L., Dominguez, A. R., Eljure-T¢éllez, J., . . . Micheletti, R. G. (2020). Society of
Dermatology Hospitalists supportive care guidelines for the management of Stevens-Johnson syndrome/toxic
epidermal necrolysis in adults. Journal of the American Academy of Dermatology, 82(6), 1553-1567.
https://doi.org/10.1016/j.jaad.2020.02.066

e-ISSN: 2544-9435 9



3(51) (2026): International Journal of Innovative Technologies in Social Science

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Shah, H., Parisi, R., Mukherjee, E., Phillips, E. J., & Dodiuk-Gad, R. P. (2024). Update on Stevens-Johnson
syndrome and toxic epidermal necrolysis: Diagnosis and management. American Journal of Clinical Dermatology,
25(6), 891-908. https://doi.org/10.1007/s40257-024-00889-6

Singh, N., & Phillips, M. (2022). Toxic epidermal necrolysis: A review of past and present therapeutic approaches.
Skin Therapy Letter, 27(5), 7-13.

Srinoulprasert, Y., Ud-Naen, S., Tansit, T., Tuchinda, P., Wongsa, C., & Klaewsongkram, J. (2026). Pilot study to
improve in vitro identification of culprit drugs in SJIS/TEN using granzyme B and granulysin secretion assays.
Journal of Immunology Research, 2026(1), e8497493. https://doi.org/10.1155/jimr/8497493

Surowiecka, A., Baranska-Rybak, W., & Struzyna, J. (2023). Multidisciplinary treatment in toxic epidermal
necrolysis. International Journal of Environmental Research and Public Health, 20(3), 2217.
https://doi.org/10.3390/ijerph20032217

Sunaga, Y., Hama, N., Ochiai, H., Kokaze, A., Lee, E. S., Watanabe, H., Kurosawa, M., Azukizawa, H., Asada, H.,
Watanabe, Y., Yamaguchi, Y., Aihara, M., Mizukawa, Y., Ohyama, M., Abe, R., Hashizume, H., Nakajima, S.,
Nomura, T., Kabashima, K., . . . Sueki, H. (2022). Risk factors for sepsis and effects of pretreatment with systemic
steroid therapy for underlying condition in SJS/TEN patients: Results of a nationwide cross-sectional survey in 489
Japanese patients. Journal of Dermatological Science, 107(2), 75-81.
https://doi.org/10.1016/j.jdermsci.2022.07.004

Tian, C. C., Ai, X. C.,Ma, J. C.,Hu, F. Q. Liu, X. T., Luo, Y. J., Tan, G. Z., Zhang, J. M., Li, X. Q., Guo, Q., Zeng,
F. Q.,, Shi, Z. R., & Wang, L. (2022). Etanercept treatment of Stevens-Johnson syndrome and toxic epidermal
necrolysis. Annals of Allergy, Asthma & Immunology, 129(3), 360-365.¢l.
https://doi.org/10.1016/j.anai.2022.05.009

Torres-Navarro, 1., Briz-Redon, A., & Botella-Estrada, R. (2021). Systemic therapies for Stevens-Johnson syndrome
and toxic epidermal necrolysis: A SCORTEN-based systematic review and meta-analysis. Journal of the European
Academy of Dermatology and Venereology, 35(1), 159—171. https://doi.org/10.1111/jdv.16685

Watanabe, Y., & Hama, N. (2025). Recent advances in the diagnosis and treatment of Stevens-Johnson
syndrome/toxic epidermal necrolysis. Allergology International, 74(3), 345-355.
https://doi.org/10.1016/j.alit.2025.05.008

Yuliwulandari, R., Kristin, E., Prayuni, K., Sachrowardi, Q., Suyatna, F. D., Menaldi, S. L., Wichukchinda, N.,
Mahasirimongkol, S., & Cavallari, L. H. (2017). Association of the HLA-B alleles with carbamazepine-induced
Stevens-Johnson syndrome/toxic epidermal necrolysis in the Javanese and Sundanese population of Indonesia: The
important role of the HLA-B75 serotype. Pharmacogenomics, 18(18), 1643—1648. https://doi.org/10.2217/pgs-
2017-0103

Zhang, J., Lu, C. W, Chen, C. B., Wang, C. W., Chen, W. T., Cheng, B., Ji, C., & Chung, W. H. (2022). Evaluation
of combination therapy with etanercept and systemic corticosteroids for Stevens-Johnson syndrome and toxic
epidermal necrolysis: A multicenter observational study. Journal of Allergy and Clinical Immunology. In Practice,
10(5), 1295-1304.¢6. https://doi.org/10.1016/j.jaip.2022.01.038

e-ISSN: 2544-9435 10



