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Purpose: Immune checkpoint inhibitors (ICIs) can cause life-threatening Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN). Large-scale original research on ICI-induced SJS/TEN is limited. This study aimed to explore the unique clinical 
characteristics and potential pathophysiological mechanisms of SJS/TEN induced by ICIs.
Methods: This cross-sectional study compared the clinical features of SJS/TEN induced by ICIs and non-ICIs, and reviewed the case 
characteristics of ICI-induced SJS/TEN. Clinical features were analyzed using independent t-tests, Mann–Whitney U-tests, and 
multivariable regression models.
Results: This study enrolled 41 cases of ICI-induced SJS/TEN and 107 non-ICI-induced cases from January 22, 2015, to May 28, 
2024. ICI-induced SJS/TEN patients exhibited a trend towards a longer latency period (β: 17, 95% CI: −1.49 to 35.48), a smaller 
affected body surface area (BSA) (β: −40.68, 95% CI: −71.59 to −9.77), and milder oral and ocular mucositis than non-ICI-induced 
cases. A literature review identified PD-1 inhibitors as the primary ICIs involved and systemic corticosteroids as the most frequent 
intervention. No statistically significant difference in mortality rate was observed between patients treated with systemic corticoster
oids alone and those receiving combination therapies (P= 0.85). The mortality rate for ICI-induced SJS/TEN was 24.5%.
Conclusion: This study offered the largest comparative analysis to date, highlighting the unique clinical features of ICI-induced SJS/ 
TEN, including a smaller affected BSA, a prolonged latency period trend, and milder oral and ocular mucositis. We described the 
epidemiology, clinical presentation, and therapeutic strategies for ICI-induced SJS/TEN. These findings not only contribute to a deeper 
understanding of the complex immune-inflammatory pathways in severe immune-related cutaneous adverse events (ircAEs) but also 
may inform the development of more targeted and effective treatments.
Keywords: comparative analysis, clinical characteristic, latency period, body surface area, treatment

Introduction
Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare but severe mucocutaneous inflammatory 
reactions, predominantly induced by medications and characterized by extensive epidermal detachment and mucosal 
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involvement, which can have fatal outcomes.1 SJS and TEN are categorized based on the proportion of the total body 
surface area (BSA) that represents the degree of detached and detachable epidermis. These conditions represent 
a continuum of disease severity, with SJS characterized by less than 10% BSA detachment, TEN involving more than 
30%, and SJS/TEN overlap syndrome covering 10–30%.2,3 The etiology often includes a wide range of drugs, with 
antibiotics, anticonvulsants, and nonsteroidal anti-inflammatory drugs (NSAIDs) being the most common culprits.4–6

Immune checkpoint inhibitors (ICIs), including monoclonal antibodies targeting the cytotoxic T-lymphocyte associated 
protein 4 (CTLA4), the programmed death ligand 1 (PD-L1), and the programmed cell death receptor-1 (PD-1), represent 
a novel class of cancer immunotherapy drugs approved by the Food and Drug Administration (FDA).7,8 They have been used 
to treat a variety of cancers, such as melanoma and lung cancer. The advent of ICI has benefited the treatment of cancer 
patients in oncology, offering new hope for many cancer patients. However, the ICI therapies have been associated with 
unique skin adverse events known as immune-related cutaneous adverse events (ircAEs), with the most severe and fatal being 
SJS/TEN.9 The clinical features and outcomes of SJS/TEN induced by ICIs may differ from those caused by conventional 
non-immune checkpoint inhibitor (non-ICI) drugs due to the distinct mechanisms of action and immunological characteristics.

Despite the increasing use of ICIs in oncology, the existing studies on ICI-induced SJS/TEN primary are case reports, case 
series, and reviews.10–14 Most studies have focused on the overall incidence, risk factors, pathogenesis, mortality, therapies, and 
potential prevention strategies of SJS/TEN,5,15,16 but few comparative analyses examine the differences in presentation based on 
causative drug types.17 Until now, there has been no large-scale original research exploring the clinical manifestations of ICI- 
induced SJS/TEN. Understanding these differences is crucial, as they influence clinical decision-making, management strategies, 
and patient counseling. Patients who recover from ICI-induced SJS/TEN may require adjustments to their subsequent cancer 
treatment strategies.

This study aimed to compare the clinical manifestations of SJS/TEN induced by ICIs versus non-ICI medications, 
focusing on factors such as the extent of epidermal detachment, latency periods, and the severity of oral and ocular 
mucosal damage. We also aimed to perform a descriptive statistical analysis of clinical factors, including the Score of 
Toxic Epidermal Necrolysis (SCORTEN) score, specific ICIs and associated cancers, mucosal damage, and treatment 
outcomes of ICI-induced SJS/TEN. By integrating our institutional data with previously published literature 
(Supplementary Table S1), we hope to reveal the unique clinical characteristics and pathophysiological mechanisms of 
ICI-induced SJS/TEN, which might contribute to the development of more personalized and safer oncology interventions 
aimed at improving prognosis and quality of life for cancer patients.

Methods
Study Design and Patient Population
This cross-sectional study was conducted from January 22, 2015, to May 28, 2024, using detailed medical records of drug 
eruption patients from the dermatology inpatient department of the First Affiliated Hospital of Fujian Medical University 
(FJMU), China. As the largest grade-A tertiary hospital in the South China region, this study also encompassed SJS/TEN cases 
referred from lower-tier hospitals for specialized diagnosis and treatment at our institution. Histological examinations were 
conducted on all patients. These cases were identified and included based on the clinical diagnosis and causative agent confirmed 
by the treating physicians.

Additionally, we reviewed the literature to summarize the data of ICI patients with SJS/TEN in previously published studies. 
We searched PubMed through June 2024 using the following search parameters: [“Stevens Johnson Syndrome” OR “SJS/TEN” 
OR “Toxic Epidermal Necrosis”] AND [“immune checkpoint inhibitors” OR “PD-L1” OR “PD1” OR “ICI” OR “CTLA-4” OR 
“penpulimab” OR “atezolizumab” OR “toripalimab” OR “relatlimab” OR “avelumab” OR “retifanlimab” OR “cemiplimab” OR 
“ipilimumab” OR “tremelimumab” OR “nivolumab” OR “camrelizumab” OR “dostarlimab” OR “pembrolizumab” OR 
“sintilimab” OR “durvalumab” OR “tislelizumab”]. There were only full-text articles in English, French, and German.

Ethical Considerations
The research protocol for this study was compliant with the Declaration of Helsinki, and it was approved by the Research 
Ethical Committee of the First Affiliated Hospital of FJMU (Ethical Committee Number: MRCTA, ECFAH of FMU 
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[2023]400). It was also registered in the Clinical Trial Register Center (ClinicalTrials.gov, NCT06522048). Strengthening 
the Reporting of Observational Studies in Epidemiology Standards were followed in conducting this study. Written 
informed consent was obtained from every patient for the publication of their medical information. All data was 
anonymized to protect patient confidentiality.

Inclusion and Exclusion Criteria
Detailed patient records for SJS/TEN were available in the dermatology inpatient department according to the following 
inclusion criteria: 1) diagnosis of SJS/TEN induced by either ICI or non-ICI drugs, confirmed by skin histopathology; 2) 
Chinese Han nationality; and 3) availability of comprehensive medical records and exemplary photos for review. 
Exclusion criteria include: 1) incomplete medical records; 2) withdrawal from the study prior to data collection; 
and 3) unknown culprit drugs.

Clinical Data Collection
Primarily clinical data were meticulously collected, including demographics, detailed clinical information associated with SJS/ 
TEN, family and medical history, complications (including diabetes, hypoproteinemia, hypertension, and hepatitis), allergic 
history, detailed drug exposure, latency period, laboratory examinations (including complete blood count, liver function tests, and 
other relevant biomarkers at admission), therapeutic interventions, and outcomes. Additional data included the severity of SJS/ 
TEN, which was rated using the SCORTEN scale (Supplementary Table S2), 18 the severity of mucosal damage quantified with 
the World Health Organization’s (WHO) grading for oral mucositis,19 and the grading system for ocular involvement proposed 
by Sotozono et al as detailed in Supplementary Table S3. 20 The missing values were replaced by the mean or median values for 
continuous variables with missing values less than 5%.21 Variables missing more than 20% were removed from this analysis. All 
variables were extracted from electronic medical records and verified by two independent reviewers. Photographs of skin and 
mucosa lesions were taken for all patients.

For the literature review, clinical data were extracted based on available information, focusing on gender, age, latency 
period, SCORTEN, specific ICIs and cancers, treatment methods, therapy outcomes, and BSA.

Statistical Analysis
Data were collected and recorded by Microsoft Excel version 2023, and analysis was performed using R 4.2.1 (http://www. 
Rproject.org; The R Foundation, Vienna, Austria) and the Free Statistics software (version 1.9.2; Beijing Free Clinical 
Medical Technology Co., Ltd., Beijing, China). Descriptive statistics were used to summarize the demographic and clinical 
characteristics of the patients. Continuous variables were expressed as mean ± standard deviation (SD) or median with 
interquartile range (IQR), depending on the distribution, while categorical variables were summarized as frequencies and 
percentages. Nighty five-percent confidence intervals (95% CIs) are used to characterize prevalence. To compare the clinical 
factors between the two groups, independent t-tests (for normally distributed variables) or Mann–Whitney U-tests (for non- 
normally distributed variables) were used. Chi-square or Fisher’s exact tests were applied for categorical data.

Multivariable regression analysis was utilized to investigate the association between the types of culprit drugs and the 
area of epidermal detachment, latency period, and the severity of oral and ocular mucositis, adjusting potential 
confounders. The significance level for all statistical tests was a two-sided P-value of less than 0.05.

Results
Demographic and Clinical Characteristics of SJS/TEN Patients in Our Center
A total of 179 patients with SJS/TEN were initially considered for this study; however, thirty-one were excluded for 
various reasons: seventeen due to missing data, three lost to follow-up, ten with unknown sensitizing agents, and one who 
was not of Han Chinese ethnicity. Ultimately, the study enrolled 41 patients whose SJS/TEN was triggered by ICIs and 
107 by non-ICI drugs. Figure 1 presents the study flowchart.

Among patients, 88 were males, representing 59.5%. The average age was 53.3 years, with a median of 55.5 years 
and a range from 42.8 to 66 years. The median latency period for the group induced by ICIs was 20 days (range: 10 to 45 
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days), while for those induced by non-ICI drugs, it was 7 days, ranging from 4 to 15.5 days. The mean SCORTEN score 
for the cohort was 2.7, with the ICI group recording a higher average of 3.5 compared to 2.4 in the non-ICI group. A total 
of 45 patients (30.4%) had a history of cancer. Among 148 patients, 21 (14.2%) had neoplasmic metastasis. The ICI- 
induced group recorded a mortality rate of 36.6% (15 deaths), whereas the non-ICI group reported a rate of 4.7% (5 
deaths). Gastrointestinal (GI) cancer was the most prevalent type in the ICI-induced group, accounting for 46.3% of 
cases, followed by lung cancer at 39% and melanoma at 4.9%. In patients with SJS/TEN induced by ICIs, the distribution 
was 63.4% with SJS, 29.3% with SJS/TEN overlap syndrome, and 7.3% with TEN. Conversely, in the non-ICI group, the 
figures were 6.2% for SJS, 18.7% for SJS/TEN overlap syndrome, and 55.1% for TEN. No significant differences were 
observed in body mass index (BMI), temperature, or complications between the two groups. However, significant 
differences (p < 0.05) were found in gender, age, BSA, latency period, grading of ocular and oral mucositis, history 
of cancer, neoplasm metastasis, history of drug allergy, SCORTEN scores, mucosal damage, baseline neutrophil to 
lymphocyte ratio (NLR), eosinophil count, and C-reactive protein (CRP) levels between the two groups. Table 1 presents 
the comparison of baseline characteristics and health conditions of patients.

The predominant causative agents in the ICI group were PD-1 inhibitors (68.3%), PD-L1 inhibitors (7.3%), and 
a combination of PD-1 with CTLA4 inhibitors (24.4%). In contrast, the non-ICI group included NSAIDs (10.3%), 
antibiotics (29.9%), antiepileptic drugs (15%), urate-lowering therapy (ULT) (14%), and other medications (30.8%). 
Figure 2A and B show the specific culprit drugs for both groups. Of the 41 ICI-induced SJS/TEN cases at our hospital, 
almost all patients discontinued ICI therapy, except one who attempted a rechallenge with the ICI, which resulted in 
a recurrence of TEN.

Uni- and Multiple-Variable Analyses
Univariable analysis revealed significant differences in latency period, area of epidermal detachment (BSA), and severity 
of oral and ocular mucositis between groups (all P < 0.05; see Table 1). In the multivariable linear regression analysis, the 
SJS/TEN group induced by ICIs exhibited significantly less extensive epidermal detachment, with a mean difference of 
−40.68% (95% CI: −71.59% to −9.77%; P = 0.011) compared to the group induced by non-ICI drugs. This model was 
adjusted for age, gender, BMI, immunoglobulin E (IgE) levels, NLR, CRP, procalcitonin (PCT), complication, history of 

Figure 1 Flowchart of the study. 
Abbreviations: ICI, immune checkpoint inhibitor; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Table 1 Baseline Epidemiological and Clinical Characteristics of SJS/TEN Patients in ICI and Non-ICI 
Drugs Groups in Our Center

Total  
(n = 148)

ICIs group  
(n = 41)

Non-ICIs drugs group  
(n = 107)

P value

Gender Male, n (%) 88 (59.5) 31 (75.6) 57 (53.3) 0.013

Age (years) 53.3 ± 18.7 61.7 ± 11.8 50.1 ± 19.9 < 0.001

BMI (kg/m2) 22.0 ± 5.0 21.8 ± 4.2 22.0 ± 5.3 0.783

BSA (%) 25.0 (8.0, 53.5) 8.0 (6.0, 20.0) 35.0 (10.0, 70.0) < 0.001

Body temperature (°C) 37.7 ± 1.1 37.7 ± 1.2 37.7 ± 1.1 0.990

History of cancer, n (%) 45 (30.4) 41 (100) 4 (3.7) < 0.001

Neoplasm metastasis, n (%) 21 (14.2) 21 (51.2) 0 (0) < 0.001

History of drug allergy, n (%) 29 (19.6) 3 (7.3) 26 (24.3) 0.020

Complications 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 1.0 (0.0, 2.0) 0.295

SCORTEN score 2.7 ± 1.2 3.5 ± 0.9 2.4 ± 1.1 < 0.001

Diagnosis, n (%) < 0.001

SJS 54 (36.5) 26 (63.4) 28 (26.2)

SJS/TEN overlap syndrome 32 (21.6) 12 (29.3) 20 (18.7)

TEN 62 (41.9) 3 (7.3) 59 (55.1)

Latency period (days) 8.0 (5.0, 20.0) 20.0 (10.0, 45.0) 7.0 (4.0, 15.5) < 0.001

WHO oral mucositis grading < 0.001

Grade 0, n (%) 53 (35.8) 27 (65.9) 26 (24.3)

Grade 1, n (%) 41 (27.7) 9 (22) 32 (29.9)

Grade 2, n (%) 36 (24.3) 4 (9.8) 32 (29.9)

Grade 3, n (%) 17 (11.5) 1 (2.4) 16 (15)

Grade 4, n (%) 1 (0.7) 0 (0) 1 (0.9)

Ocular mucositis grading 0.002

Grade 0, n (%) 36 (24.3) 10 (24.4) 26 (24.3)

Grade 1, n (%) 50 (33.8) 23 (56.1) 27 (25.2)

Grade 2, n (%) 41 (27.7) 6 (14.6) 35 (32.7)

Grade 3, n (%) 21 (14.2) 2 (4.9) 19 (17.8)

Outcome, n (%) < 0.001

Recovery 128 (86.5) 26 (63.4) 102 (95.3)

Deceased 20 (13.5) 15 (36.6) 5 (4.7)

Laboratory examination

WBC (10^9/L) 7.3 (5.0, 9.6) 7.0 (4.9, 9.3) 7.4 (5.3, 9.6) 0.329

NLR 5.2 (2.4, 11.4) 3.6 (1.6, 7.5) 5.6 (3.0, 13.5) 0.019

(Continued)
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drug allergy, latency period, the number of suspected drugs, cancer history, and neoplasmic metastasis. Additionally, the 
ICI-induced group exhibited a trend toward a longer latency period of 17 days (95% CI: −1.49 to 35.48; P = 0.074), after 
adjustments for age, gender, BMI, history of drug allergy, number of suspected drugs, cancer history, and neoplasmic 
metastasis. Multivariable logistic regression analysis showed milder mucosal damage in the ICI-induced group compared 
to the non-ICI-induced group. Details are shown in Table 2.

Figure 2 Doughnut charts illustrating the culprit drugs in SJS/TEN cases induced by ICIs and non-ICI drugs at our center. (A) Culprit drugs in 41 cases of SJS/TEN induced 
by ICIs at our center. (B) Culprit drugs in 107 cases of SJS/TEN induced by non-ICI drugs at our center. 
Abbreviations: SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; non-ICI, non-immune checkpoint inhibitor; CTLA4, cytotoxic T-lymphocyte associated 
protein 4; PD-L1, the programmed death ligand 1; PD-1, the programmed cell death receptor-1.

Table 1 (Continued). 

Total  
(n = 148)

ICIs group  
(n = 41)

Non-ICIs drugs group  
(n = 107)

P value

Eosinophil (10^9/L) 0.0 (0.0, 0.3) 0.0 (0.0, 0.1) 0.1 (0.0, 0.4) 0.008

Lymphocyte (10^9/L) 0.8 (0.4, 1.5) 0.9 (0.5, 1.6) 0.8 (0.4, 1.4) 0.330

CRP (mg/L) 20.6 (5.4, 55.8) 38.7 (12.6, 70.5) 18.4 (4.8, 42.8) 0.012

PCT (mg/L) 0.1 (0.1, 0.2) 0.1 (0.1, 0.3) 0.1 (0.1, 0.2) 0.702

Albumin (g/L) 34.0 ± 4.8 32.3 ± 4.4 34.6 ± 4.9 0.010

ALT (U/L) 25.0 (16.0, 47.0) 23.0 (16.0, 46.0) 26.0 (17.0, 47.5) 0.537

AST (U/L) 24.0 (17.0, 44.2) 24.0 (17.0, 47.0) 24.0 (17.0, 41.5) 0.595

Fe (umol/L) 7.3 (3.5, 20.3) 10.0 (3.6, 20.0) 6.8 (3.5, 21.9) 0.935

Serum total IgE (IU/mL) 100.5 (30.0, 210.0) 50.0 (37.0, 200.0) 101.0 (29.6, 235.0) 0.673

OBT, n (%) 28 (18.9) 5 (12.2) 23 (21.5) 0.196

Abbreviations: ICI, immune checkpoint inhibitor; SJS, Stevens-Johnson Syndrome; TEN, toxic epidermal necrolysis; BMI, body mass 
index; BSA, body surface area; SCORTEN, Score of Toxic Epidermal Necrolysis; WBC, white blood cell; NLR, neutrophil to 
lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; 
IgE, immunoglobulin E; OBT, occult blood test.
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Subgroup Analysis
Our concurrent subgroup analysis of the prolonged latency period trend and BSA revealed no significant differences across 
various genders, ages, BMIs, and histories of drug allergies, with all interaction P-values exceeding 0.05, as shown in Figure 3.

Literature Review on Patients with ICI-Induced SJS/TEN
We present a descriptive analysis of 139 patients with ICI-induced SJS/TEN, including 98 cases previously reported and 41 
unpublished cases from our institution, as detailed in Supplementary Table S1. Patients were categorized by diagnosis: SJS 

Table 2 Multivariable Regression Analysis of the Association Between Culprit Drugs and Clinical Manifestations in SJS/TEN: Severity 
of Epidermal Detachment, Latency Period, and Extent of Mucosal Involvement (Oral and Ocular), with Non-ICI Drug-Induced Cases 
as a Reference

β (95% CI) P value β (95% CI) P value OR (95% CI) P value OR (95% CI) P value

BSAa Latency periodb Oral mucositisc Ocular mucositisc

Unadjusted −28.04 (−38~-18.08) <0.001 17.48 (11.42~23.54) <0.001 0.16 (0.06~0.45) <0.001 0.24 (0.1~0.56) 0.001

Model 1 −26.46 (−37.09~-15.83) <0.001 16.13 (9.69~22.58) <0.001 0.16 (0.06~0.47) 0.001 0.25 (0.1~0.62) 0.003

Model 2 −28.07 (−38.83~-17.32) <0.001 15.65 (8.99~22.31) <0.001 0.11 (0.04~0.35) <0.001 0.21 (0.08~0.55) 0.002

Model 3 −27.63 (−39.65~-15.61) <0.001 17 (−1.49~35.48) 0.074 0.1 (0.03~0.37) 0.001 0.2 (0.07~0.59) 0.004

Model 4 −40.68 (−71.59~-9.77) 0.011 / / 0.02 (0~0.33) 0.006 0.04 (0~0.7) 0.027

Notes: a BSA models adjusted for: Model 1= adjusted gender, age. Model 2= adjusted Model 1 +BMI, IgE, NLR, CRP, PCT, complication. Model 3= adjusted Model 2 + 
history of drug allergy, latency period, combined drugs. Model 4= adjusted Model 3+cancer, metastasizes b Latency period models adjusted for: Model 1= adjusted 
gender, age. Model 2= adjusted Model 1+BMI, history of drug allergy, combined drugs. Model 3= adjusted Model 2+cancer, metastasizes. c Oral and ocular mucositis 
models adjusted for: Model 1= adjusted gender, age. Model 2= adjusted Model 1 +BMI, IgE, NLR, CRP, PCT, complication. Model 3= adjusted Model 2 + history of drug 
allergy, latency period, combined drugs. Model 4= adjusted Model 3+cancer, metastasizes. 
Abbreviations: ICI, immune checkpoint inhibitor; SJS, Stevens-Johnson Syndrome; TEN, toxic epidermal necrolysis; BMI, body mass index; CI confidence interval; BSA, 
body surface area; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; IgE, immunoglobulin.

Figure 3 Subgroup analysis of the effects of types of culprit drugs on clinical presentation in SJS/TEN: association with the degree of epidermal detachment and the latency 
period. 
Abbreviations: 95% CI, 95% confidence interval; BSA, body surface area; BMI, body mass index; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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(55 patients, 39.6%), SJS/TEN overlap syndrome (37 patients, 26.6%), and TEN (47 patients, 33.8%). The average age was 62.0 
± 12.6 years, with 85 males (61.2%). Latency periods ranged from 1 day to 1095 days, with a median of 28.0 days. Among these 
patients, 20 (14.4%) received combination therapy with ICIs, with a mortality rate of 35.0% (7 deaths), compared to 22.7% (27 
deaths) among the 119 patients on monotherapy (P = 0.012; see Supplementary Table S4). The overall mortality rate was 24.5%. 
The median total BSA involvement was 25%, ranging from 10% to 31%. No significant differences were observed between 
groups in age, latency period, ICI combination therapy, or types (P > 0.05). The mean SCORTEN score was 3.5, with a standard 
deviation of 1.1, with subgroup scores of 2.9 for SJS, 3.8 for the SJS/TEN overlap group, and 4.0 for TEN, showing significant 
differences among the three groups (P < 0.001; see Table 3 and Supplementary Table S5).

The most common ICI associated with SJS/TEN was PD-1 inhibitor (112 cases, 80.6%), followed by a combination 
of PD-1 and CTLA4 inhibitors (20 cases, 14.4%), PD-L1 inhibitor (6 cases, 4.3%), and CTLA4 inhibitor alone (1 case, 

Table 3 Demographics and Clinical Characteristics of ICI-Induced SJS/TEN Patients: Integrated Cases from Our Center 
and a Review of the Existing Literature

Total (n = 139) SJS (n = 55) SJS/TEN overlap  
syndrome (n = 37)

TEN (n = 47) P value

Age (years) 62.0 ± 12.6 63.2 ± 11.3 61.1 ± 14.8 61.3 ± 12.4 0.658

Gender Male, n (%) 85 (61.2) 42 (76.4) 16 (43.2) 27 (57.4) 0.011

ICIs Types, n (%) 0.563

PD1 112 (80.6) 46 (83.6) 27 (73) 39 (83)

PDL1 6 (4.3) 3 (5.5) 1 (2.7) 2 (4.3)

PD1+CTLA4 20 (14.4) 6 (10.9) 8 (21.6) 6 (12.8)

CTLA4 1 (0.7) 0 (0) 1 (2.7) 0 (0)

Combination of ICIs, n (%) 20 (14.4) 6 (10.9) 8 (21.6) 6 (12.8) 0.331

Latency period (days) 28.0 (11.0, 74.2) 30.0 (11.5, 62.2) 28.0 (14.0, 90.0) 28.0 (10.0, 73.5) 0.632

BSA (%) 25.0 (10.0, 31.0) 10.0 (6.0, 10.0) 30.0 (18.0, 30.0) 40.0 (31.0, 72.5) < 0.001

SCORTEN score (points) 3.5 ± 1.1 2.9 ± 0.9 3.8 ± 0.7 4.0 ± 1.2 < 0.001

Outcome, n (%) 0.012

Recovery 105 (75.5) 41 (74.5) 34 (91.9) 30 (63.8)

Deceased 34 (24.5) 14 (25.5) 3 (8.1) 17 (36.2)

The number of mucosal damage sites, n (%) 0.030

0 36 (25.9) 9 (16.4) 9 (24.3) 18 (38.3)

1 site (oral or ocular) 63 (45.3) 33 (60) 16 (43.2) 14 (29.8)

2 sites (both oral and ocular) 40 (28.8) 13 (23.6) 12 (32.4) 15 (31.9)

Oral mucosal damage, n (%) 79 (56.8) 28 (50.9) 22 (59.5) 29 (61.7) 0.490

Ocular mucosal damage, n (%) 59 (42.4) 28 (50.9) 16 (43.2) 15 (31.9) 0.005

Preceding rash, n (%) 75 (54.0) 27 (49.1) 17 (45.9) 31 (66) 0.032

Pain, n (%) 69 (49.6) 28 (50.9) 22 (59.5) 19 (40.4) 0.230

(Continued)
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0.7%). Mucosal damage was reported in 103 patients (74.1%), with oral and ocular mucosa damage noted in 79 (56.8%) 
and 59 (42.4%) patients, respectively. A preceding rash that evolved into epidermal necrosis was more common in 
deceased patients, occurring in 75 patients (54.0%). Pain and itching were reported by 69 (49.6%) and 45 (32.4%) 
patients, respectively. Pathological examination of skin tissue in 116 patients (83.5%) revealed common manifestations, 
including epidermal necrosis, apoptotic keratinocytes, inflammatory presentations, superficial perivascular involvement, 
and lichenoid or interface dermatitis. No statistical differences were observed in oral mucosal damage, pain, or itching 
across different groups (P > 0.05, Table 3). Among PD-1 inhibitors, pembrolizumab was the most prevalent, comprising 
29.5% of cases. The most frequently occurring cancer was lung, accounting for 33.3% of cases, followed by gastro
intestinal (GI) cancers (26.7%), melanoma (16.3%), and nasopharyngeal cancer (4.3%), with cervical, genitourinary 
(GU), lymphomas, renal, thymic cancers, cancers of uncertain origin, and two types of combination cancers also 
represented, as shown in Figure 4.

Therapy Methods
In the group with ICI-induced SJS/TEN, treatment approaches were varied: 55 patients (39.6%) were treated solely with 
corticosteroids, while 28 patients (20.1%) received a combination of corticosteroids and intravenous immunoglobulin 
G (IVIG). Additionally, 9 patients (6.5%) were treated with a combination of corticosteroids and other immunosup
pressants, including cyclosporine A (CsA) or tumor necrosis factor alpha inhibitors (anti-TNF-α). A smaller group of 7 
patients (5.0%) received topical corticosteroids, conventional antihistamines, and symptomatic supportive therapy. 
Common treatment methods for ICI-induced SJS/TEN included systemic corticosteroid therapy, either alone or combined 
with IVIG or TNF-α inhibitors. However, the mortality rates for these treatments were 23.6% for corticosteroids alone, 
28.6% for corticosteroids with IVIG, and 28.6% for combinations with other immunosuppressants, with no statistically 
significant statistical difference in outcomes between these approaches (P > 0.05). Details are available in Table 4 and 
Supplementary Table S6. Supplementary Table S7 presents the specific therapy methods of the non-ICI drug-induced 
SJS/TEN group.

Discussion
The pathogenic mechanisms underlying classical SJS/TEN are complex and involve a dysregulated immune response 
where cytotoxic T cells and natural killer (NK) cells play an important role.22–24 Activated T cells infiltrate lesional 
skin, with CD4+ T cells predominating in the dermis and CD8+ T cells in the epidermis.25 The immune reaction 
induces widespread keratinocyte apoptosis, largely via granulysin secretion, a major mediator in SJS/TEN.26 Other 
mediators, such as Fas-Fas ligand (FasL) interactions and the perforin/granzyme B pathway, also contribute to 

Table 3 (Continued). 

Total (n = 139) SJS (n = 55) SJS/TEN overlap  
syndrome (n = 37)

TEN (n = 47) P value

Itching, n (%) 45 (32.4) 21 (38.2) 9 (24.3) 15 (31.9) 0.181

Has pathology, n (%) 116 (83.5) 47 (85.5) 33 (89.2) 36 (76.6) 0.267

Epidermal necrosis, n (%) 101 (72.7) 43 (78.2) 29 (78.4) 29 (61.7) 0.117

Apoptotic keratinocytes, n (%) 61 (43.9) 30 (54.5) 18 (48.6) 13 (27.7) 0.019

Inflammation any, n (%) 106 (76.3) 46 (83.6) 29 (78.4) 31 (66) 0.105

Superficial perivascular, n (%) 28 (20.1) 10 (18.2) 8 (21.6) 10 (21.3) < 0.001

Lichenoid/Interface, n (%) 58 (41.7) 24 (43.6) 19 (51.4) 15 (31.9) < 0.001

Abbreviations: ICI, immune checkpoint inhibitor; SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; CTLA4, cytotoxic T-lymphocyte 
associated protein 4; PD-L1, the programmed death-ligand 1; PD-1, the programmed cell death receptor-1; BSA, body surface area; BMI, body mass 
index; SCORTEN, Score of Toxic Epidermal Necrolysis.
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keratinocyte death and epidermal detachment.27–29 Regarding ICI-induced SJS/TEN, while the specific pathogenesis 
remains to be fully elucidated, current hypotheses focus on the potential disruption of T-lymphocyte homeostasis in 
the skin and mucous membranes by ICIs.30 This disruption may lead to self-targeted cytotoxic and inflammatory 
reactions.

Clinical Comparison of ICI and Non-ICI-Induced SJS/TEN in Our Center
This was the first larger original study to compare the clinical characteristics of SJS/TEN patients induced by ICIs and 
non-ICIs. Our results indicate that ICI-induced SJS/TEN compares to non-ICI-induced cases with a tendency toward 
a longer latency period, a smaller affected BSA, and milder oral and ocular mucositis. These observations may reflect the 
distinct inflammatory mechanisms induced by ICIs. The delayed onset of symptoms in ICI-induced SJS/TEN is 
consistent with a previous retrospective cohort study17 and could be attributed to the unique mechanism by which 
ICIs modulate the immune system. Unlike SJS/TEN induced by non-ICI drugs, which can immediately react to 
a medication, ICI-induced reactions may have a longer latency period trend, potentially due to the disrupting 
T-lymphocyte homeostasis in the skin and mucous membranes.31 This latency suggests that ICIs may require a change 

Figure 4 Distribution of tumor types in SJS/TEN patients induced by ICI-associated drugs: based on an integrated analysis of data from our center and the literature review. 
Abbreviations: SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; ICIs, immune checkpoint inhibitors; GU, genitourinary; GI, gastrointestinal.
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in the internal environment or subsequent exposure to trigger an immune response.31 The tendency of prolonged latency 
period and the initially mild symptoms of ICI-induced SJS/TEN pose significant challenges for early diagnosis and 
treatment.9,32

An interesting finding among cases of ICI-induced SJS/TEN is that 63.4% were diagnosed with SJS, which involves 
minor epidermal detachment. In contrast, 55.1% of non-ICI-induced SJS/TEN cases were classified as TEN, indicating 
a higher prevalence of severe epidermal detachment. Previous immunohistochemical studies have noted an infiltration of 
CD8+ lymphocytes in the dermoepidermal layer of SJS/TEN induced by ICIs, with a relatively absence of CD14+ 
monocytes, contrasting with the substantial presence of both cell types in the blister fluid of non-ICI-induced SJS/TEN 
cases.31 In non-ICI-induced SJS/TEN, keratinocyte apoptosis is induced by the combined action of CD8+ lymphocytes 
and CD14+ monocytes.33,34 However, in ICI-induced SJS/TEN, keratinocyte apoptosis predominantly relies on CD8+ 
lymphocytes.31 This differential cellular infiltration may lead to the milder epidermal detachment observed in patients 
with ICI-induced SJS/TEN. Furthermore, it has been hypothesized that the milder severity of skin adverse reactions with 
ICIs may be related to increased tumor burden, reflecting an immunosuppressed state, potentially leading to decreased 
activation of anti-tumor T-cell activity.35 Therefore, ircAEs that occur following the initiation of ICI therapy are generally 
milder, and the risk of severe immune-related adverse events (irAEs) appears to be lower.36 Additionally, the genetic 
predispositions, particularly certain HLA-B alleles, which are known to influence the development of SJS/TEN,37 could 
also be implicated in the varied expression of disease severity and warrant further investigation in the context of ICI- 
induced SJS/TEN.

Our comparative study also underscores the importance of biomarkers such as NLR, and eosinophil counts in 
predicting outcomes in drug-induced SJS/TEN.38–40 These biomarkers reflect the underlying distinctions in the 

Table 4 Treatment Approaches for ICI-Induced SJS/TEN: a Combined Analysis Data from Our Center and 
Literature Review

Treatment Approaches ICI-Induced Group

Total (n = 139) SJS (n = 76) SJS/TEN Overlap  
Syndrome (n = 12)

TEN (n = 51)

Corticosteroid 55 (39.6) 39 (51.3) 5 (41.7) 11 (21.6)

Corticosteroid + topical corticosteroids 1 (0.7) 1 (1.3) 0 (0) 0 (0)

Topical corticosteroids 2 (1.4) 2 (2.6) 0 (0) 0 (0)

IVIG + CsA 2 (1.4) 0 (0) 0 (0) 2 (3.9)

CsA 2 (1.4) 2 (2.6) 0 (0) 0 (0)

Corticosteroid + MTX 2 (1.4) 2 (2.6) 0 (0) 0 (0)

Corticosteroid + IVIG 28 (20.1) 6 (7.9) 1 (8.3) 21 (41.2)

Corticosteroid + anti-TNF-α 21 (15.1) 13 (17.1) 5 (41.7) 3 (5.9)

Corticosteroid + IVIG + anti-TNF-α 9 (6.5) 3 (3.9) 1 (8.3) 5 (9.8)

Corticosteroid + CsA + IVIG 2 (1.4) 0 (0) 0 (0) 2 (3.9)

Corticosteroid + IVIG + plasmapheresis 2 (1.4) 1 (1.3) 0 (0) 1 (2)

Corticosteroid + anti-TNF-α 
+plasmapheresis

1 (0.7) 0 (0) 0 (0) 1 (2)

Corticosteroid + CsA 7 (5.0) 3 (3.9) 0 (0) 4 (7.8)

Supportive 5 (3.6) 4 (5.3) 0 (0) 1 (2)

Abbreviations: ICI, immune checkpoint inhibitor; SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; IVIG, intravenous immunoglo
bulin G; CsA, cyclosporine A; anti-TNF-α, tumor necrosis factor alpha inhibitors; MTX, methotrexate.
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inflammatory response and immune system dynamics associated with each drug class,41 offering a potential prognostic 
tool in the management of these conditions.

Synthesizing and Analyzing Combined Data on ICI-Induced SJS/TEN from Our Center 
and the Literature
Our descriptive analysis of ICI-induced SJS/TEN cases, integrating data from previously reported literature with 
our center, offers new insight into the epidemiology and clinical characteristics of these adverse events. The 
observed lower rate of oral mucosal damage and slightly higher rate of ocular mucosal damage in our study 
compared to previous reports may reflect the differences in sample sizes and populations studied.42 An important 
finding was the higher SCORTEN scores and a trend toward higher in-hospital mortality rates among ICI-induced 
TEN patients at admission. Notably, patients with SJS/TEN induced by ICI combination therapy had increased 
mortality rates during hospitalization compared to those with ICI monotherapy. Previous studies have suggested 
that combination ICI therapy may enhance immune activation via checkpoint inhibition, potentially exacerbating 
the severity and mortality of SJS/TEN.43 The enhanced immune response through checkpoint inhibition may cause 
more frequent and severe irAEs among patients on combined ICI therapy.14

Our study presented a lower mortality rate in ICI-induced SJS/TEN patients than previously reported.12,14 This 
discrepancy may be attributed to advancements in medical practices, improved treatment protocols, and the improved 
identification and management of risk factors, contributing to the observed decrease in mortality. While our findings 
suggest a positive trend, it is important to recognize the limitations of our study and the need for further research for 
validation and an exploration into the causes of the reduction in mortality.

The analysis of these data reveals the association of specific ICIs, particularly PD-1 inhibitors such as pembrolizu
mab, with life-threatening skin adverse reactions.12,14 The higher mortality rates of ICI-related SJS/TEN highlight the 
importance of early identification and prompt treatment of severe skin reactions,44 especially in patients with lung cancer, 
GI cancers, and melanoma treated with these inhibitors. These insights can help physicians make more informed 
treatment decisions and potentially optimize therapeutic regimens for cancer patients.

Treatment Options for ICI-Induced SJS/TEN
Systemic corticosteroids have been well documented as the primary treatment for ICI-induced SJS/TEN.45,46 Our review of 
treatment methods from our institution and the literature revealed various therapeutic approaches, including corticosteroids 
monotherapy and combination therapies with TNF-α inhibitors, IVIG, CsA, or methotrexate (MTX).4,47–50 The management 
of ICI-induced SJS/TEN in our study predominantly involved systemic corticosteroids, with or without additional immu
nosuppressive agents. The absence of a statistically significant difference in mortality between patients treated with 
corticosteroids alone and those receiving combined therapy suggests therapeutic complexity. This finding was contrasted 
with previous suggestions that combining adalimumab with corticosteroids may improve treatment efficacy by enhancing 
anti-inflammatory effects and reducing corticosteroid-related adverse reactions.50 Instead, our results were consistent with 
Satoh TK et al’s observation of no significant benefit from adding TNF-α inhibitors to corticosteroid therapy,14 highlighting 
the complex mechanism of ircAEs and the potential impact of immune pathway modulation by TNF-α inhibitors.51 Despite 
their design to suppress pro-inflammatory cytokines, these agents may not always produce beneficial effects in severe ICI- 
related dermatologic toxicities. Our study underscores the complexity of clinical management and the need for individualized 
treatment approaches based on a deeper understanding of immunopathogenesis. By summarizing the diversity of therapeutic 
strategies, our research provided a valuable reference for dermatologic oncologists and might contribute to the development 
of more targeted and effective treatments for severe ircAEs.

Limitations
There are several limitations in this retrospective study. Firstly, the reliance on clinical records and literature reviews 
might lead to bias in data completeness and accuracy. Secondly, the results might predominantly reflect the characteristics 
of Chinese patients. Additionally, there may be pharmacogenetics and environmental heterogeneity that can influence the 
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manifestation and outcomes of these severe cutaneous adverse reactions. Finally, future multi-center, prospective studies 
with larger sample sizes will be necessary to confirm our findings and assess the applicability of these findings to other 
geographical areas.

Conclusion
Our study offered the largest comparative analysis of ICI-induced versus non-ICI-induced SJS/TEN, revealing distinct 
clinical features and potential immunopathogenic differences. ICI-induced SJS/TEN patients exhibited a smaller affected 
BSA, a prolonged latency period trend, and milder oral and ocular mucositis. By integrating cases from the literature and 
our center, we described the epidemiology, clinical presentation, and therapeutic strategies of ICI-induced SJS/TEN. 
These insights enhance our understanding of the complex immune pathways in severe ircAEs associated with ICI 
therapy, potentially contributing to the development of more targeted and effective treatment strategies.
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