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Objective: Anticancer drugs have revolutionized tumor therapy, with cutaneous toxicities such as Stevens-Johnson syndrome (SJS) and
toxic epidermal necrolysis (TEN) being common immune-related adverse events. The debate over the efficacy of systemic corticosteroids in
treating these conditions persists, while tumor necrosis factor (TNF)-alpha inhibitors show promise. This study aims to evaluate the
effectiveness and safety of combination therapy involving the TNF-a inhibitor adalimumab for SJS/TEN induced by anticancer drugs.
Methods: A literature review of SJS/TEN cases induced by anticancer drugs from 1992 to 2023 was conducted, alongside an analysis
of patients admitted to the First Affiliated Hospital of Fujian Medical University during the same period. Clinical characteristics, skin
healing time, mortality, and adverse events were evaluated in two treatment groups: SJS/TEN patients treated with targeted anticancer
therapies and immunotherapies.

Results: Among the 27 patients studied (18 with SJS or SJS-TEN overlapping and 9 with TEN), combination therapy with
adalimumab significantly reduced mucocutaneous reepithelization time and healing duration compared to corticosteroid monotherapy.
Patients receiving adalimumab combined with corticosteroids had lower actual mortality rates than those on corticosteroid mono-
therapy. The combination therapy also showed a trend towards reducing standardized mortality rates based on the Score of Toxic
Epidermal Necrolysis (SCORTEN).

Conclusion: The findings suggest that adalimumab in combination with corticosteroids provides significant clinical benefits and is
safer than corticosteroids alone for treating SJS/TEN induced by targeted anticancer therapies and immunotherapies. This study
contributes valuable insights into potential treatment strategies for severe cutaneous adverse reactions to anticancer drugs, highlighting
the importance of exploring alternative therapies such as TNF-a inhibitors in managing these conditions effectively.
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Introduction

Anticancer drugs, including anticancer chemotherapy, targeted therapy, and immune checkpoint inhibitors (ICIs), represent
potent therapeutic options for various cancers. Their approval marked a significant milestone in the history of cancer therapy,
sparking a transformative paradigm shift. However, the use of these drugs has been associated with numerous reported cases
of adverse reactions. In addition to their antitumor effects, the broad and relative immune activation mechanism of anticancer
drugs can lead to an amplified immune response against natural cellular functions, resulting in a spectrum of autoimmune-like
toxicities known as immune-related adverse events (irAEs). Dermatologic irAEs are the most commonly reported and often
occur early in the course of treatment. It has been reported that up to 30 to 50% of patients treated with anticancer drugs have
experienced adverse dermatologic reactions.' Fortunately, these cutaneous irAEs are typically mild and often do not
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necessitate a discontinuation of immunotherapy. Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN) are rare
complications associated with anticancer drug therapy. However, they can result in substantial mortality and severe long-term
effects, significantly reducing the quality of life for affected patients.*

While the precise biological mechanisms driving SJS/TEN remain incompletely understood, this process may entail the
hyperactivation of CD8" cytotoxic T lymphocytes and the ensuing occurrence of cytokine storms.'*!! Elevated concentrations
of granulysin, a cytolytic protein, and tumor necrosis factor (TNF)-o, an inflammatory cytokine, are detectable in the plasma
and blister fluids of afflicted individuals.'? Currently, alongside the administration of supportive care, the standard initial
therapeutic modalities for SJS and TEN involve the use of systemic corticosteroids, intravenous immunoglobulin, and
cyclosporine.'*'* However, the use of systemic corticosteroids remains a subject of ongoing debate and analysis within the
medical community, with continuous evaluation of their risks and benefits.'>'® The utilization of systemic corticosteroids
remains a contentious topic, evoking ongoing discussion and analysis within the medical community as their risks and benefits
are subject to continuous evaluation. Meanwhile, emerging as a potential beacon of promise, tumor necrosis factor-o (TNF-a)
inhibitors come to the forefront, offering a noteworthy avenue of exploration and investigation due to their prospective
effectiveness.'””'® While systemic corticosteroids are commonly used in the treatment of SJS/TEN, the exploration of
combination therapy, which involves the additional use of TNF-qo inhibitors and other biologic agents, presents itself as
a potential strategy. This approach may provide a better-tolerated and more effective method for halting disease progression
and reducing corticosteroid-related adverse events, especially in patients with more severe and rapidly progressing clinical
manifestations.'®'” In our recent randomized controlled study, which compared adalimumab and systemic steroids, we
obtained findings indicating that TNF-a inhibitors may confer potential benefits in the management of SJS and TEN. These
results contribute to the growing body of evidence supporting the efficacy of TNF-a inhibitors in this context.®

The progress made in cancer detection and the evolution of anticancer drug therapy have contributed to a rising occurrence of
cutaneous adverse reactions following the administration of anticancer medications.”’ Patients afflicted with malignancies
commonly present with concurrent comorbidities, multi-systemic involvement, and are subjected to multiple concomitant
medications and treatment modalities.”'** These factors collectively contribute to the heightened intricacies and challenges
encountered in the management of SJS and TEN within the context of cancer patients. Hence, it is imperative to assess the
therapeutic advantages of corticosteroid monotherapy and the combination of TNF-a inhibitors, with the aim of investigating
whether anti-TNF-a and corticosteroid combination therapy could expedite the treatment of patients afflicted by SJS and TEN. In
this study, we reviewed a literature review on SJIS/TEN induced by targeted anticancer therapies and immunotherapies spanning
the years 1992 to 2023. Simultaneously, we conducted a meticulous analysis of patients who were diagnosed with SJIS/TEN
s induced by anticancer drugs and received care at the First Affiliated Hospital of Fujian Medical University during the same
period. We conducted a retrospective analysis of patients with SJS and TEN who received treatment involving adalimumab in
conjunction with systemic corticosteroids, in comparison to those treated with systemic corticosteroids as monotherapy.

Methods

Patients

We reviewed cases of SJS/TEN induced by anticancer drugs from PubMed, EMBASE, Web of Science, SCOPUS, and
OVID from 1992 to September 2023 using the search terms “Stevens-Johnson syndrome”, “toxic epidermal necrolysis”,
“anticancer targeted therapy” and “immune checkpoint inhibitors”. > *® We included primary case reports, case series,
reports from clinical trials, and post marketing surveillance data. Histopathological diagnosis of SIS/TEN was not
mandatory for inclusion. We excluded cases involving multiple concomitant medications used during the same period
and those with questionable diagnoses.

In addition, we conducted a retrospective analysis by reviewing the registration database of SIS/TEN patients who were
admitted to the First Affiliated Hospital of Fujian Medical University (FJMU) in mainland China. The diagnosis of SIS/TEN
was based on the RegiSCAR criteria, including a characteristic progressive blistering exanthema of purpuric macules and
targetoid lesions with mucosal involvement and skin detachment (Supplemental Figure 1).%**° The classification criteria for

the severity of skin detachment were as follows: SIS was characterized by epidermal detachment affecting less than 10% of the
total body surface area, while SJIS/TEN overlap syndrome and TEN were defined by epidermal detachment involving between
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10% and 30%, and greater than 30% of the total body surface area, respectively.”’ In the course of this study, our cohort
encompassed patients diagnosed with SIS/TEN who were subjected to either solitary systemic corticosteroid treatment or
a combination regimen with adalimumab and systemic corticosteroids. Notably, adalimumab was introduced as
a supplementary therapeutic approach for individuals manifesting ongoing symptoms despite their initial systemic corticos-
teroid therapy.

The population study was carried out following the principles stated in the Declaration of Helsinki and received
approval from the Ethics Committee of the First Affiliated Hospital of Fujian Medical University, Fuzhou, China, in
accordance with Chinese law (no. [2021]261). Written informed consent was obtained from each study subject before
their inclusion into the study.

Clinical Data Collection of the SJS/TEN Patients Induced by Anticancer Drugs in Our

Hospital

The drug-related causality for the enrolled patients was assessed employing the ALDEN algorithm, with only those cases
deemed as having a probable or definite causality (ALDEN score of 4 or higher) being included in the category of drug-
induced SIS/TEN (Supplemental Table 1).°* Patient demographics, encompassing age and gender, as well as clinical

variables such as the extent of skin detachment measured in total body surface area (TBSA), causative medications, prior
history of malignancy, presence of mucosal involvement, the calculation of the Score of Toxic Epidermal Necrolysis
(SCORTEN) (Supplemental Table 2), laboratory parameters, concurrent complications, the average corticosteroid

dosage, the administered treatment modalities, and recorded mortality rates were systematically extracted from the
patients’ medical records. All patients included in this study received systemic corticosteroid treatment, specifically
methylprednisolone, with an initial dose ranging from 1 to 1.5 mg/kg/day. Additionally, patients were provided with
symptomatic supportive care, which encompassed wound management, pain relief, intravenous fluid administration,
nutritional evaluation, and electrolyte regulation. The corticosteroid dosages were quantified and standardized by
converting them into methylprednisolone-equivalent doses for uniformity and ease of comparison. Upon the observation
of reepithelization, a gradual reduction in the dosage of methylprednisolone was initiated. The specific dosage and
tapering schedule of methylprednisolone were individualized based on the progress of reepithelization, as well as the
presence of comorbidities and complications in the patients, including conditions such as diabetes, hypertension, and
infections. Furthermore, we assessed the timing of therapeutic interventions, specifically the introduction of corticoster-
oids and adalimumab. This was quantified by calculating the duration between the first administration of adalimumab and
the index day, which represents the onset date of SJS/TEN. Additionally, we documented the time taken to initiate
systemic corticosteroids in both groups, measured as the elapsed time between the first corticosteroid administration and
the index day.

Clinical Outcomes and Complications of the SJS/TEN Patients Induced by Anticancer
Drugs in Our Hospital

The time to reepithelization (days) was defined as the period from the commencement of treatment until the absence of
skin detachment and erosions, as indicated by the absence of a positive Nikolsky’s sign. Simultaneously, it marked the
initiation of skin islands’ regeneration to replace the damaged superficial epithelia in localized skin or mucous lesions.
Time to complete pain relief (days) was defined by assessing the level of pain through daily Visual Analog Scale (VAS)
scores. VAS scores ranged from 0 (indicating no pain) to 10 (representing insupportable pain). The time to achieve a VAS
score of zero, along with the highest recorded VAS score for each patient, was employed to gauge the duration of
complete pain relief. The time to skin healing (days) was established as the duration spanning from the initiation of
treatment to the point when complete reepithelization became visible in all skin lesions. The time to mucous healing
(days) was defined as the duration from the commencement of treatment to the stage when full reepithelization could be
discerned in all mucous lesions, encompassing those affecting the eye, oral, and genital mucous membranes. During the
hospitalization period, vigilant monitoring was conducted to assess and address common adverse effects resulting from
the administered treatments. During the hospitalization period, vigilant monitoring was conducted to assess and address
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common adverse effects resulting from the administered treatments. These effects encompassed elevated blood pressure,
increased blood glucose levels, gastrointestinal bleeding, electrolyte imbalances, and mucocutaneous infections.
A comprehensive follow-up process was implemented for all patients in both treatment groups, spanning a duration of
2 weeks at least, to track and manage these associated adverse effects. The observed mortality rate was determined by
tallying the total number of documented deaths within the patient cohort. The Standardized Mortality Rate (SMR) was
calculated by dividing the cumulative count of observed deaths by the anticipated deaths, which were estimated based on
SCORTEN scores within each respective group. To evaluate the severity and duration of skin healing during hospitaliza-
tion, photographs of all enrolled patients or data sourced from the registration database were procured for assessment.

Statistical Analysis

Different statistical methods were used to analyze the results. The data are presented as mean + standard deviation (SD).
Continuous variables are presented as both the mean =+ standard deviation and medians with interquartile ranges.
Proportions between groups were compared with chi-square. Student’s #-test and Mann—Whitney-Wilcoxon nonpara-
metric test were used to evaluate the statistical differences among the groups. All P values are two-tailed, and values less
than 0.05 were considered statistically significant. GraphPad Prism 9 software (GraphPad Software Inc., San Diego, CA,
U.S.A.). Image]J software (Version 1.47, National Institutes of Health, Bethesda, MD, USA) was used to quantify the
optical density (pixels/mm2) or the intensity of images.

Results

Characteristics of the Included Studies

Between 1992 and 2023, 135 cases of SIS/TEN were collected from the database. Additionally, we analyzed the
admission database from the First Affiliated Hospital of Fujian Medical University. 112 cases met our inclusion criteria,
including 78 cases from the literature and 34 cases from the hospital. Among them, 58 (50.89%) were diagnosed with
SJS, 8 (7.15%) with SIS-TEN, and 46 (41.96%) with TEN. The demographic and characteristics are summarized in
Table 1. The age at the onset of SJS/TEN ranged from 22 to 86 years. The mean age for all SJS/TEN cases was over 55
years, with SJS at 59.55 years, SIS-TEN at 61.38 years, and TEN at 60.14 years. The majority of the patients are male
(62.5% vs 37.5%). In these groups, there is no difference in tumor metastasis. The onset of epidermal necrolysis can
range from 1 day to 2 years. The average disease incubation period is 43.00+82.16 days. The majority of the scholarly
literature on SJS/TEN induced by anticancer drugs originates from the Asian region. All deceased patients were TEN
(p<0.0001).

Culprit Drugs and Tumor Type

A total of 112 patients with SIS (n = 58), SIS/TEN (n = 8), or TEN (n = 46), associated with 14 targeted anticancer
drugs, were identified. These drugs included PD-1 inhibitors (pembrolizumab, nivolumab, camrelizumab, sintilimab,
tislelizumab, serplulimab, treprinumab, pralsetinib), CTLA4 inhibitors (ipilimumab), recombinant IL-2, KIT and BCR-
ABL inhibitors, EGFR inhibitors, BRAF inhibitor, anti-CD20, anti-CD30, and others (Table 2). Imatinib, pembrolizumab
and nivolumab were the top three medications most commonly associated with SJS/TEN, with PD-1 inhibitors being the
drug group that most frequently induced SJS/TEN. In the PD-1 inhibitor category, pembrolizumab and nivolumab
constitute the majority, accounting for 28.89% and 24.44%, respectively, followed by camrelizumab at 15.56%. The most
frequently associated cancer types were melanoma (n=21), lung cancer (n=20), and chronic myelogenous leukemia
(n=54). Other malignancies (n=19) included gastrointestinal tumors, liver cancer, Lymphoma, squamous cell carcinoma,
renal cell carcinoma, myeloma, nasopharyngeal carcinoma, prostate cancer, malignant tumor of the tonsil, glioblastoma,
urothelium carcinoma, breast carcinoma (Supplemental Table 3). Lymphoma patients are all SJS. However, overall, no

trends were observed between tumor and rash type. Furthermore, we also analyzed the tolerability follow-up for
rechallenge or alternative treatments in patients with severe cutaneous adverse reactions induced by targeted anticancer
therapies and immunotherapy (Supplemental Table 4). These patients still develop rashes after rechallenging with

suspected allergenic drugs.
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Table 1 Demographic and Clinical Characteristics of the SJS/TEN Patients Induced by Targeted Anticancer
Therapies and Immunotherapies

SJs SJS-TEN TEN Total P value
(n=58) (n=8) (n=46) (n=112)
Age, yr, mean * SD 59.55%13.64 61.38+£14.43 60.69+12.72 60.14%13.22 0.823*
Sex, n (%) 0.073%
Male 34 (58.62) 8 (100.00) 28 (60.87) 70 (62.50)
Female 24 (41.38) 0 (0.00) 18 (39.13) 42 (37.50)
Tumor metastasis, n (%) 02218
No 35 (60.35) 3 (37.50) 21 (45.65) 59 (52.68)
Yes 23 (39.65) 5 (62.50) 25 (54.35) 53 (47.32)
Treatment, n (%)
Corticosteroids 38 (65.52) I (12.50) 11 (23.91) 50 (44.64)
TNF-a inhibitors in combination 4 (6.89) 4 (50.00) 9 (19.57) 17 (15.18)
Other treatments 16 (27.59) 3 (37.50) 26 (56.52) 45 (40.18)
Incubation period (days), mean £ SD | 44.29+62.68 29.75£33.09 | 43.67+107.09 | 43.00+82.16 0.553"
Continents, n (%) 0.275°
Asian 35 (60.34) 5 (62.50) 28 (60.87) 68 (60.71)
North America 7 (12.07) 2 (25.00) 10 (21.74) 19 (16.96)
Europe 16 (27.59) | (12.50) 6 (13.04) 23 (20.54)
Oceania 0 (0.00) 0 (0.00) 2 (4.35) 2 (1.79)
Death, n (%) 0 (0.00) 0 (0.00) 20 (43.48) 20 (17.86) <0.0001®
Notes: P value was calculated by I-way analysis of variance. BP value was calculated by chi-squared tests.
Abbreviations: SIS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
Table 2 Culprit Drugs of the SJS/TEN Patients Induced by Targeted Anticancer Therapies and Immunotherapies
Class of Medication, n (%) SJS SJS-TEN TEN Total
(n=58) | (n=8) | (n=46) | (n=112)
PD-1 inhibitors 45 (40.18) Pembrolizumab 6 2 5 13
Nivolumab 8 3 I
Camrelizumab 3 4 7
Sintilimab 2 4 6
Tislelizumab 2 | 3
Serplulimab | | 2
Treprinumab | | 2
Pralsetinib | |
(Continued)
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Table 2 (Continued).

Class of Medication, n (%) SJS SJS-TEN TEN Total
(n=58) (n=8) (n=46) | (n=112)

CTLA4 inhibitors 3 (2.68) Ipilimumab | 2 3
Recombinant IL2 and diphtheria toxin 2 (1.79) Aldesleukin 2 2
Recombinant IL2 and diphtheria toxin | (0.89) Denileukin | |

KIT and BCR-ABL inhibitors 20 (17.85) Imatinib 19 | 20
EGFR inhibitor 13 (11.61) Cetuximab | | 3 5
Afatinib 2 2

Osimertinib 2 2

Vandetanib | | 2

Apatinib Mesylate Tablets | |

Gefitinib | |
BRAF inhibitors 10 (8.93) Vemurafenib | 5 6

Sorafenib 3 | 4
CD20 5 (4.46) Rituximab 3 | | 5
CD30 2 (1.79) Brentuximab vedotin 2 2
Antiangiogenic agents 2 (1.79) Lenalidomide 2 2
Proteasome | (0.89) Bortezomib | |
CYPI7 inhibitor| (0.89) Abiraterone | |
Others (6.27) Other 4 2 | 7

Abbreviations: SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

Demographic Data, Characteristics and Culprit Drugs of the SJS/TEN Patients Induced

by Anticancer Drugs in Our Hospital

This study included 2 clinical groups with a total of 27 SIS/TEN patients. Notably, 13 of these patients (48.1%) were
administered methylprednisolone as a monotherapeutic intervention, with an average dosage of 0.54+0.21 mg/kg/day. In
addition, 14 SJS/TEN patients (51.9%) were treated with a biologic TNF-a inhibitor (adalimumab) at a dose of 40 or
80 mg every two weeks combined with systemic corticosteroids (0.64+0.20 mg/kg/d). In this study, corticosteroids were
initially introduced through intravenous infusion for the enrolled cases, following which the dosages were gradually
transitioned to oral formulations, specifically methylprednisolone or prednisone. The study protocol and participants’

disposition in this study are shown in Supplemental Figure 2 and Table 3. The mean age of the patients in the

combination therapy group was 59.64+19.49 years and 61.46+15.77 years the conventional therapy group (P=0.737)
and slight male predominance. The analysis revealed noteworthy distinctions between patients who underwent corticos-
teroid monotherapy and those who received a combination of corticosteroids and adalimumab therapies. Specifically,
lower SCORTEN scores, fewer sites exhibiting mucous erosion, and a reduced average percentage of TBSA denuded
were observed in the former group, as detailed in Table 3. The median score of toxic epidermal necrolysis (SCORTEN)
in the patients of the two groups was 3 (IQR: 2.25-3), and 2 (IQR: 2-3), respectively (P=0.204). Two groups were well
matched at baseline for clinical and demographic characteristics.
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Table 3 Demographic and Clinical Characteristics of the Patients in Two Groups
Combination Conventional P value
Therapy (n=14) Therapy (n=13)

Age, yr, mean = SD, n 59.64+19.49 61.46+15.77 0.737%
Sex, n (%)
Male 10 (71.43) Il (84.62) 0.4108
Female 4 (28.57) 2 (15.38)
Tumor metastasis, n (%)
No 5 (35.71) 5 (38.4¢6) 0.883°
Yes 9 (64.29) 8 (61.54)
Skin detachment, n (%) 0.096°
TBSA<I10% 4 (28.57) 9 (69.23)
109%<BSA%<30% 4 (28.57) 1 (7.69)
BSA=30% 6 (42.86) 3 (23.08)
Heart rate, /min, median (IQR) 86.5 (80.25-96.00) 86 (77.00-98.00) 0.541¢
BUN, mg/dl, median (IQR) 4.97 (4.59-6.49) 6.42 (5.00-7.99) 0.215¢
HCO3-, mEq/l, median (IQR) 23.10 (23.02-24.18) 23.50 (22.80-24.80) 0.747¢
Glucose, mg/dl, median (IQR) 8.65 (6.65-9.76) 7.60 (5.30-8.50) 0.234¢
SCORTEN (IQR) 3 (2.25-3.00) 2 (2.00-3.00) 0.204¢
WBC x 10%/L, median (IQR) 5.5 (3.40-7.50) 6.35 (4.70-7.10) 0.952¢
Eosinophil counts x 10%/L, median (IQR) 0.04 (0.01-0.135) 0.03 (0.01-0.07) 0.819¢
NLR, median (IQR) 3.31 (2.11-5.55) 2.15 (1.30-7.53) 0.793¢
Latency time (days), median (IQR) 19 (5.00-42.75) 10 (7.00-30.00) 0.765¢
Duration from prodromes to hospitalization (days), median (IQR) 10 (4.25-18.75) 10 (8.00-14.00) 0.857°
Length of hospitalization (days), median (IQR) 14 (13.00-15.75) 9 (6.00-14.00) 0.061
VAS score, median (IQR) 3.5 (2-6) 3 (2-5) 0.673
Number of sites with mucous erosion, n (%) 10 (71.4) 9 (69.2) 0.487¢
One 3 (30.00) 6 (66.67) 0.228°
Two 6 (60.00) 3(3333)
Three I (10.00) 0 (0.00)
Average dosage of corticosteroid (methylprednisolone), mg/kg/d, mean+SD 0.64+0.20 0.54+0.21 0.185¢

Notes: “P value was calculated by independent-samples t-test. BP value was calculated by chi-squared tests. P value was calculated by Mann—Whitney U-tests.

The potential drugs responsible for adverse effects within these two groups are detailed in (Supplemental Table 5).

We classified causality into five distinct groups. Notably, PD-1 inhibitors emerged as the most prominent culprits,
accounting for 63% of the identified cases. Within the PD-1 inhibitor category, Pembrolizumab and camrelizumab
constituted the majority, contributing 23.53% each, followed by Sintilimab at 17.65%. Among the monoclonal antibodies
targeting CD20, Rituximab was identified as the culprit drug.
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Assessment of Clinical Outcomes of the SJS/TEN Patients Induced by Anticancer
Drugs in Our Hospital

In the context of this study, an analysis was conducted to assess the timeframes necessary for reepithelization, mucous
membrane healing, complete skin healing, and the attainment of complete pain relief among the subset of patients who
survived the condition of SJS/TEN in both groups (n =22). The median time to reepithelization was 6.0 days (IQR: 5.0-7.0)
and 7.5 days (IQR: 5.0-9.0) in groups 1 and 2, respectively (Table 4). The median time to skin and mucous healing in
patients receiving combination therapy (17.5 days, 19.0 days) was markedly shorter than in patients treated with conven-
tional therapy (20.0 days, 22.0 days). Combination therapy significantly shortened the time to skin (P=0.043) and mucous
healing (P=0.037) in comparison with conventional therapy (P=0.019). Moreover, the median time to obtain complete pain
relief in the patients was 15.0 days (IQR: 13.5-15.0) and 17.5 days (IQR: 15.5-19.8) in the two groups, respectively
(P=0.018). It is worth noting that significantly shorter corticosteroid tapering courses (P=0.039). However, the initial
dosage of methylprednisolone and the total dosage of methylprednisolone (mg/kg) were no differences. Representative
patient photographs showing disease progression before and after the combination therapy were shown in Figure 1.

Assessment of Safety and Mortality Rate of the SJS/TEN Patients Induced by
Anticancer Drugs in Our Hospital

The incidence of common adverse events associated with systemic corticosteroid administration, encompassing hypertension,
hyperglycemia, gastrointestinal (GI) bleeding, electrolyte disturbances, and mucocutaneous infections, was examined within
the two treatment groups (Supplemental Table 6). The group receiving combination therapy exhibited a significantly lower

occurrence of electrolyte disturbances (P=0.034) when contrasted with the conventional therapy group. Notably, no statisti-
cally significant disparities were observed between the two groups in terms of elevated blood pressure (P=0.303), elevated
blood glucose levels (P=0.686), GI hemorrhage (P=0.957), and mucocutaneous infections (P=0.580).

To assess survival rates, we conducted an analysis involving the observed mortality rate and the Standardized
Mortality Ratio (SMR) adjusted for the severity of SJIS/TEN (Table 5). The SCORTEN-predicted mortality rates for
the treatment groups receiving adalimumab in combination with corticosteroids and corticosteroid monotherapy were

0.31% and 0.24%, respectively. It is noteworthy that in all groups, the actual mortality rates were lower than those

Table 4 Clinical Outcomes, Methylprednisolone Use, and Common Adverse Events of SJS/TEN Patients in Two Cohorts

Combination Conventional P value
Therapy Therapy
Total surviving SJS/TEN patients, n 12 10
Clinical outcomes
Reepithelization time (d), median (IQR) 6 (5.0-7.0) 7.5 (5.0-9.0) 0.157
Complete pain relief time (d), median (IQR) 15.0 (13.5-15.0) 17.5 (15.5-19.8) 0.018
Skin healing time (d), median (IQR) 17.5 (17.0-18.8) 20 (18.2-22.0) 0.043
Mucous healing time(d), median (IQR) 19 (18-20) 22 (21.5-24.5) 0.037
Methylprednisolone use
The initial dosage of methylprednisolone (mg/kg/d)®, mg/kg/d, mean+SD 0.86+0.21 0.86+0.14 0.821
The total dosage of methylprednisolone (mg/kg), mean+SD 15.52+5.48 16.57+4.75 0.722
The tapering process of methylprednisolone (d)®, median (IQR) 10.58+2.35 12.60+1.71 0.039

Notes: P value was calculated by Mann—Whitney U-tests. “The initial dosage of methylprednisolone was defined as the juncture at which the patient’s dosage was
tapered down from the maximum level to 0.5 milligrams per kilogram of body weight, assessed in mg/kg/d. "The tapering dosage of methylprednisolone was described
as the duration during which the patient’s dosage was progressively reduced from the maximum dose to a daily dose of 0.5 mg/kg of methylprednisolone.

Abbreviations: SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Figure | Representative photographs illustrate disease progression. A patient with TEN before (day 0) and after (day 14) the combination therapy.

predicted by SCORTEN. Furthermore, the SMR for the treatments among adalimumab combined with corticosteroids
and monotherapy corticosteroid treatment groups were 0.96 and 0.46, respectively. Throughout the study duration, five
patients succumbed to SJS/TEN, with three of them having undergone corticosteroid monotherapy and the remaining two
having received adalimumab in combination with corticosteroids. The causes of death among the 5 patients are listed in
Supplemental Table 7. The deceased patients died owing to pulmonary fungal infection, sepsis, infectious shock,
cardiopulmonary failure respiratory failure and infectious shock.

Table 5 SCORTEN, Expected Predicted Mortality Rates, Actual Mortality Rate, and SMR of SJS/TEN Patients in Two Groups

The Probabilities of Death Associated to Corticosteroids with Adalimumab Corticosteroids

Each SCORTEN Score

SCORTEN Expected Patients Expected Observed Patients Expected Observed
Mortality, % (n) Deaths Deaths (n) Deaths Deaths

0 32 0 0 0 0 0 0

| 32 0 0 0 | 0.03 0

2 12.1 4 0.48 0 7 0.85 0

3 353 9 3.32 2 3 1.06 |

4 58.3 | 0.58 0 2 .17 2

=5 90 0 0 0 0 0 0

Total 14 4.38 2 13 3.1 3

Expected predicted 0.31 (4.38 of 14) 0.24 (3.11 of 13)

mortality rates, %

Actual mortality rates, % 0.14 (2 of 14) 0.23 (3 of 13)

SMR 0.46 (2 of 4.38) 0.96 (3 of 3.11)

Abbreviations: SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Discussion

Targeted anticancer therapies and immunotherapies, representing a potent new category of pharmaceutical agents, have
emerged as pivotal treatment modalities for a variety of cancer types. Their approval marked a profound and transfor-
mative epoch in the landscape of cancer therapy. Nevertheless, these innovative treatments have been accompanied by
a significant number of reported adverse reactions and side effects. Patients who develop SJS/TEN due to targeted
anticancer therapies and immunotherapies appear to experience a lower quality of life compared to non-oncological SJS/
TEN patients, as they often exhibit poor treatment compliance, reduced treatment continuity, and heightened levels of
psychosocial distress stemming from the skin toxicity.”?

In this study, we enrolled a total 112 patients diagnosed with SIS/TEN induced by anticancer drugs from a tertiary
medical center and literatures during 1992 to 2023. We evaluated underlying condition, causation, treatment, and clinical
outcome. Mean age of SIS/TEN was 60.14 years. The average age of SIS/TEN is 60.14 years. This result is inconsistent
with previous reports of SIS/TEN caused by non-targeted drugs, where the average age was 43 years.”* SIS/TEN
exhibited a male predominance (male-to-female ratio 1.67: 1). This observation was different from an earlier study which
showed equally affected by male and female.”® The average incubation period of the disease is 43 days, which is different
from SJS/TEN caused by non-anticancer drugs, where the average incubation period is 4-20 days. There is speculation in
some studies that the interference with checkpoint molecules may disrupt the delicate balance between peripheral
tolerance and the protective role of keratinocytes against damage.’® This may result from the difference in the incubation
period of SJIS/TEN induced by anticancer drugs compared to that caused by non-anticancer drugs.

In some studies, it has been observed immunotherapy-induced SJIS/TEN exhibit a gene expression profile similar to classical
SIS/TEN. Both conditions exhibit elevated expression of inflammatory chemokines, cytotoxic mediators like perforin and
granzyme B, and apoptosis-promoting molecules such as Fas Ligand.”® Especially, TNF-a has been identified in the plasma and
blister fluids of patients affected by SJIS/TEN. It appears to act as a potential inducer of keratinocyte apoptosis in the context of
SIS/TEN.'7% Despite extensive research efforts over the years, the molecular mechanisms underlying SJS/TEN remain
incompletely elucidated, and a universally accepted “gold standard” for their treatment has yet to be established.

Currently, the common treatments include supportive care, systemic corticosteroids, immunoglobulins, cyclosporine A,
plasmapheresis and supportive care. Nevertheless, the clinical efficacy of these therapeutic approaches continues to be
a subject of debate.'®*'% Furthermore, prior investigations have reported an elevated risk of mortality in SJS/TEN among
patients administered higher doses of methylprednisolone.'®' Combination therapy involving immunosuppressants is
a frequently employed strategy in the clinical management of immune-related or autoimmune disorders. The concurrent
application of treatments with distinct and complementary mechanisms of action holds the potential to augment therapeutic
efficacy while mitigating associated toxicities.'’*'*> There is a growing body of evidence supporting the use of TNF-a
blockade in the treatment of patients with SJS/TEN.*'** To date, there have been several case reports as well as case-control
and randomized control studies examining the use of adalimumab in the treatment of SJIS/TEN. However, there has been no
investigation to date that has assessed the potential advantages of a combined therapy involving anti-TNF-o agents and
systemic corticosteroids for patients suffering from SJIS/TEN induced by targeted anticancer therapies and immunotherapies.

Additionally, our group conducted an observational retrospective study to evaluate the efficacy of adalimumab
combined with steroids for SJS/TEN. Compared with steroid monotherapy, we found that additional adalimumab to
the steroid treatment could significantly reduce the time of skin healing as well as the incidence of adverse events.®
Despite this, there is still limited knowledge on the effects of adalimumab treatment in SIS/TEN induced by targeted
anticancer therapies and immunotherapies patients.

In this study, the skin healing time of patients with SJS/TEN induced by targeted anticancer therapies and immunotherapies
was significantly reduced when treated with a combination of Adalimumab and systemic corticosteroids. Notably, the majority
of cases in the combination therapy group involving adalimumab achieved healing within 18 days, indicating the potential
advantages of using adalimumab over corticosteroids for skin healing in the context of SIS/TEN, which was consistent with
the previous studies.®'® In addition, a notably lower incidence of electrolyte disturbance complications was observed among
patients who received combination therapy involving adalimumab and systemic corticosteroids. Combining treatments with

distinct and complementary mechanisms of action has the potential to augment therapeutic efficacy while simultaneously
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diminishing the associated toxicity.'®'%” The adoption of combination therapy involving anti-TNF-a biologics and systemic
corticosteroids has the potential to amplify the anti-inflammatory impact and, in turn, mitigate the adverse effects associated
with systemic corticosteroid treatment.

Most importantly, our investigation revealed that within all groups, the observed mortality rates were lower than the
projected rates derived from SCORTEN scoring. Notably, patients treated with adalimumab in conjunction with systemic
corticosteroids exhibited an even lower mortality rate (0.14% compared to 0.23%). Furthermore, the SMR within the group
receiving adalimumab in combination with systemic corticosteroids was notably lower than that observed in patients subjected
to corticosteroid monotherapy (0.46 compared to 0.96). Despite the combined therapy groups, particularly those involving
adalimumab combined with corticosteroids, having higher average SCORTEN scores in comparison to the systemic
corticosteroid monotherapy group, the actual mortality rates within the combined treatment groups were lower than those
within the corticosteroid monotherapy group. In the context of this study, adalimumab was administered as an adjunctive
therapy to patients whose conditions exhibited progression despite systemic corticosteroid treatment. Notably, these patients
still achieved a notably elevated survival rate, implying that the early utilization of anti-TNF-a biologics, such as adalimumab,
in conjunction with systemic corticosteroids during the acute or, at the very least, the most advanced stages of SIS/TEN
induced by targeted anticancer therapies and immunotherapies could potentially yield more favorable treatment outcomes.

The therapeutic efficacy of anti-TNF-a biologics, exemplified by agents like adalimumab, extends beyond the mere
blockade of the inflammatory cytotoxic pathway through the targeting of TNF-a. It also involves the stimulation of
regulatory T cell generation within the peripheral blood.'” Furthermore, adalimumab is administered via a subcutaneous
route at a singular dose in the treatment of SIS/TEN, rendering it a less frequent and safer alternative when compared to
other TNF-a inhibitors.'”'%!% In the context of the present study, the inclusion of adalimumab demonstrated
a significant capability to expedite the recovery of skin lesions, arrest disease progression, and mitigate the occurrence
of diverse adverse events associated with steroid administration.

Nonetheless, this retrospective study is subject to several limitations. Firstly, the study is constrained by the relatively
small number of cases included in the analysis. Secondly, these findings are derived from retrospective data, which
inherently carry the potential for confounding variables. Additionally, it’s important to note that the results may primarily
apply to Asian patients, and further validation is necessary to ascertain their applicability to patient populations from
different geographic regions. Subsequent investigations involving larger sample sizes from multiple healthcare centers
across various countries are imperative to thoroughly assess the potential advantages associated with the combination
therapy employing anti-TNF-a biologics in conjunction with systemic corticosteroids for patients with SJS/TEN induced
by targeted anticancer therapies and immunotherapies. Finally, the mechanism between immune checkpoint inhibitor and
tumor-targeted therapy inducing SJS/TEN may be different, which needs to be further investigated.

Conclusion

Our study has contributed fresh insights into the utilization of a combined therapeutic approach involving anti-TNF-a
biologics and systemic corticosteroids for the management of SIS/TEN patients induced by targeted anticancer therapies
and immunotherapies. Notably, this combination therapy demonstrated superior effectiveness in expediting cutaneous
healing and reducing mortality rates among SJS/TEN patients. The combination treatment holds the potential to mitigate
the occurrence of common adverse events associated with the administration of higher doses of systemic corticosteroids
in the context of SIS/TEN.
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