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Abstract
Aims/Background The increasing adoption of inhibitors of programmed cell death-1 (PD-1) and its
ligand, programmed death-ligand 1 (PD-L1), in the treatment of multiple cancer types in China has
started to garner broader attention due to the occurrence of immune-related adverse events (irAEs),
especially life-threatening skin reactions such as Steven-Johnson syndrome/toxic epidermal necrolysis
(SJS/TEN). Isolated case reports have described SJS/TEN associated with PD-1/PD-L1 inhibitors usage.
In this paper, we presented a series of cases of SJS/TEN following the use of PD-1/PD-L1 inhibitors
in a dermatology hospital located in Zhejiang Province of China in the past several years, summarizing
characteristics of these cases and providing a reference of management.
Methods We retrospectively reviewed all the medical records of inpatients diagnosed with SJS/TEN
in the Hangzhou Third People’s Hospital from 2012 to 2024. We analyzed and compared the situation
of SJS/TEN onset, types of PD-1/PD-L1 inhibitors used, score of severity, laboratory findings, and
essential therapies of the patients who had received PD-1/PD-L1.
ResultsWe identified 12 SJS/TEN patients who had been treatedwith PD1/PD-L1 inhibitors: sintilimab
had been used in six patients; tislelizumab in two cases; toripalimab, keytruda and cadonilimab each in
one case; and an unknown prescription in one case. The longest duration between the first PD-1/PD-L1
inhibitor dose and the SJS/TEN diagnosis recorded was nine months whereas the shortest was 11 days.
Half of the selected patients received chemotherapy at the same time. More than two types of therapies
were applied to the cases, except for two cases with mild SJS.
Conclusion This study unveils a potential, under-recognized cause of SJS/TEN in the cancer patients
after analyzing the cases of SJS/TEN in cancer patients with prior exposure to PD-1/PD-L1 inhibitors.
This paper also provides clue about the prominent features of SJS/TEN aforesaid, offering insights on
the effective management measures for optimizing clinical safety.
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Introduction
Steven-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) is a type of

rare but severe drug eruption, with a usually association with the usage of allop-
urinol, lamotrigine, sulfasalazine and carbamazepine (Roujeau et al, 1995). Its
relation with other new drug agents like immune checkpoint inhibitors (ICIs) re-
mains largely unclear. Inhibitors of programmed cell death-1 (PD-1) and its ligand,
programmed death-ligand 1 (PD-L1), are effective ICIs that block the activity of
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inhibitory immune checkpoint proteins and promote T cell activation to achieve
anti-tumor immune effects (Kruger et al, 2019). The rate of cutaneous immune-
related adverse events (irAEs) is rising in tandem with the rising use of ICIs in
various tumor types. It has been reported that cutaneous adverse events occurred in
34–42% of PD-1 inhibitor monotherapy patients and about 20% of PD-L1 inhibitor
monotherapy patients (Collins et al, 2017; Sibaud, 2017). Besides that, more com-
mon complications including morbilliform or lichenoid eruptions, vitiligo, pruritus,
bullous disorders, and psoriasiform or eczematous dermatitis (Johnson et al, 2018;
Postow et al, 2018; Sibaud, 2017), as well as severer complication like SJS/TEN,
have also been reported.

Recent research has revealed a rise in the anecdotal cases of PD-1/PD-L1 inhibi-
tors-associated SJS/TEN (Li et al, 2022; Yang et al, 2022). In this study, we gath-
ered the clinical data of the SJS/TEN inpatients who had used PD-1/PD-L1 in-
hibitors in the last 12 years from January 2012 to January 2024 in Hangzhou Third
People’s Hospital. Data on the latency, course of illness, laboratory findings, treat-
ments and outcomes of these patients were also acquired and described, for creating
a more complete picture regarding the characteristics of SJS/TEN associated with
PD-1/PD-L1 inhibitors usage.

Methods
Patient Data

We retrieved clinical data of the inpatients diagnosedwith SJS/TEN inHangzhou
Third People’s Hospital from January 2012 to January 2024 and picked out the cases
of PD-1/PD-L1 inhibitors usage prior to the incidence of disease. In the present
study, only the patients who had used PD-1/PD-L1 inhibitors prior to the onset and
diagnosis of the disease were included. However, patients diagnosed with SJS/TEN
who had used known SJS/TEN-related drugs including allopurinol, lamotrigine, sul-
fasalazine and carbamazepine were excluded.

The SJS/TENwas diagnosed by the physicians according to a set of typical fea-
ture such as widespread blister formation on erythematous skin and lesions on mu-
cous membranes, coupled with histopathologic findings of apoptotic keratinocytes,
widespread epidermal necrosis, and infiltration by lymphocytes, histiocytes and
eosinophils, with the latter occurring at a minimal extent (Lerch et al, 2017). The
SJS/TEN is stratified into three classifications based on the area of affected skin in
view of the total body surface area (Bastuji-Garin et al, 1993):

(1) SJS is defined by a skin involvement of <10%;
(2) SJS/TEN is defined by a skin involvement of 10–30%;
(3) TEN is defined by a skin involvement of >30%.
The affected skin generally suffer from blisters formation, partial or complete

detachment, and dislodgment of intact superficial epidermis (Nikolsky’s sign).
We used the Adverse Drug Reaction (ADR) Probability Scale (Naranjo Scale)

to assess the causality between exposure to PD-1/PD-L1 inhibitors and the develop-
ment of SJS/TEN (Naranjo et al, 1981). The causal relationship between PD-1/PD-
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L1 inhibitors and SJS/TEN is viewed as definitive in the event that the score was 9
or higher, probable if 5 to 8, possible if 1 to 4, and doubtful if 0 or less.

To predictmortality of SJS/TEN,Bastuji-Garin et al (2000), developed a severity-
of-illness score for toxic epidermal necrolysis (SCORTEN) based on seven indepen-
dent risk factors for epidermal necrolysis, including age >40 years, malignancy,
tachycardia, initial skin detachment >10%, serum urea >10 mmol/L, serum glu-
cose >14 mmol/L, and serum bicarbonate <20 mmol/L, with each factor fulfill-
ment scoring one point. The total score of this method is 7, and the corresponding
forecast mortality rates are as follows: 1%, 4%, 12%, 32%, 62%, 85%, 95% and
99%, respectively (Bastuji-Garin et al, 2000).

Demographic, clinical and laboratory data, as well as results from skin biopsy
(when available), were retrieved for each case. The clinical course of the selected
patients, including hospitalization time and specific therapies were assessed. All
the measures were defined as the first measurement performed in clinic.

The present work is reported in line with the SCARE criteria (Sohrabi et al,
2023). This study is in compliance with the Declaration of Helsinki and was ap-
proved by the institutional research ethics committee of Hangzhou Third People’s
Hospital (approval file number: 2024KA106). Since all the diagnosis and treatment
data used were obtained from the archive, the procedure for obtaining patients’ in-
formed consent has been exempted by the ethics committee as long as patients’
privacy and data confidentiality were guaranteed.

Statistical Analysis
Descriptive statistics analysis were calculated for all study variables. Quanti-

tative variables are expressed as mean and standard deviation (SD) or median and
interquartile range (IQR) as appropriate, and categorical variables are presented as
frequencies and percentages.

Results
Therewere twelve SJS/TEN cases that were treatedwith PD-1/PD-L1 inhibitors

before between January 2012 and January 2024 identified. According to the results
of Adverse Drug Reaction (ADR) Probability scale, all the twelve cases indicate
that the occurrence of SJS/TEN and the PD-1/PD-L1 inhibitors usage are probably
related.

Demographic and Clinical Characteristics
The baseline demographic and relevant information for all the cases are pre-

sented in Table 1. The majority of patients were male (9 cases, 75.0%), and their
average age was 63.4 years (median age: 64.5 years, and a range of 50 to 74 years).
The most common type of cancer in this sample was lung carcinoma, occurring in 4
cases (33.33%), followed by gastric cancer (3 cases, 25%) and lymphoma (2 cases,
16.7%). Prostate cancer, esophagus cancer, and cervical and endometrial cancer
respectively occurred in the remaining three cases. Four of the cases had hyper-
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Table 1. Clinical characteristics and PD-1/PD-L1 usage among the twelve patients.
Patient No. 1 2 3 4 5 6 7 8 9 10 11 12

Age (years) 50 64 51 73 74 58 68 65 67 63 56 72

Sex Female Male Male Male Male Male Male Male Female Male Female Male

Comorbidities CA, erythema, dental
ulcer

Hypertension, CA, di-
abetes, pneumonia

CA Hypertension, CA CA, urticaria Chronic hepatitis B,
CA, erythema

CA Hypertension, CA CA CA Hypertension, CA CA

Tumor Diffuse large B cell
lymphoma, DL-BCL,
breast

Perineum NK/T cell
lymphoma, pancreas,
central nervous and
bone marrow metas-
tases

Gastric malignant tu-
mor

Prostatic cancer, sec-
ondary lymphoid ma-
lignancies

Squamous cell lung
carcinoma

Esophagus cancer,
lung and renal metas-
tasis

Lung squamous carci-
noma with bone metas-
tasis

Lung cancer, sec-
ondary malignancy of
the liver, bone, and
lymph nodes

Gastric carcinoma Pulmonary malignant
tumor

Cervical and endome-
trial cancer, multiple
metastatic carcinomas

Gastric tubular ade-
nocarcinoma, hepatic
metastases

Chemotherapeutic
drugs at the same time

No No No No Yes Yes Yes No Yes No Yes Yes

PD-1/PD-L1 inhibitors Unknown Sintilimab Toripalimab Tislelizumab Tislelizumab Sintilimab Sintilimab Sintilimab Sintilimab Keytruda Cadonilimab Sintilimab

Duration between the
first use of PD-1/PD-L1
inhibitors and SJS/TEN
diagnosis

9 months 19 days 66 days Unknown Unknown 8 months 54 days 14 days 1 month Half month 11 days 1 month

Time from onset to con-
firmed diagnosis

13 days 11 days 7 days 7 days 10 days 15 days 10 days 3 days 8 days 6 days 3 days 8 days

Skin involvement TEN TEN SJS TEN TEN TEN SJS TEN TEN SJS SJS TEN

SCORTEN score / 4 / 4 / 3 3 3 / / / /

Survived to discharge
from hospital

Yes Yes Yes Self-discharge Yes Yes Yes Yes Yes Yes Yes Yes

Length of stay 13 days 19 days 4 days 5 days 4 days 45 days 14 days 20 days 15 days 8 days 10 days 22 days

Therapies Methylprednisolone +
gamma globulin

Methylprednisolone
+ gamma globulin +
ofloxacin + human
albumin

Methylprednisolone Methylprednisolone +
hemoperfusion

Methylprednisolone +
gamma globulin

Methylprednisolone
+ gamma globulin +
sulperazone + hemop-
erfusion + human
albumin + moxi-
foxacin + meropenem

Methylprednisolone +
gamma globulin + hu-
man albumin

Methylprednisolone
+ gamma globulin +
ofloxacin + linezolid +
human albumin

Methylprednisolone +
gamma globulin + hu-
man albumin

Methylprednisolone Methylprednisolone +
gamma globulin

Methylprednisolone +
gamma globulin + hu-
man albumin + hemop-
erfusion + ceftriaxone
+ rhG-CSF + Recom-
binant human throm-
bopoietin Injection

Abbreviations: CA, cancer; DL-BCL, diffuse large B-cell lymphoma; PD-1, programmed cell death-1; PD-L1, programmed death-ligand 1; rhG-CSF, recombinant human granulocyte colony-stimulating factor; SJS, Steven-Johnson syndrome; TEN, toxic epidermal necrolysis; SCORTEN, severity-of-illness score for toxic
epidermal necrolysis.
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Table 2. Heart rate and other laboratory data of the patients (n = 12).
Parameters Characteristics (mean ± SD or median (IQR))

Heart rate (bpm) 88 ± 11
Blood glucose (mmol/L) 7.20 (4.99, 10.40)
Urea (mmol/L) 7.60 ± 3.25
Creatinine (µmol/L) 71 ± 21
Neutrophils (109/L) 3.30 (2.09, 6.39)
Lymphocyte (108/L) 5.85 (4.30, 9.00)
Alanine transaminase (U/L) 21.5 (15.5, 40)
Aspartate aminotransferase (U/L) 27.5 (20, 32.5)
SD, standard deviation; IQR, interquartile range.

tension, and one of them also had diabetes mellitus. Three cases reported an early
manifestation of skin allergy like erythema and urticaria following the use of PD-
1/PD-L1 inhibitors. In Patient 1, after the second course of PD-1/PD-L1 inhibitor,
curable red spots started to appear on the body; until 13 days before the diagnosis
of TEN, levofloxacin and amoxicillin tablets were taken by this patient for oral
ulcers. Patient 2 received antibiotic 11 days before admission due to a pulmonary
infection. A combination of chemotherapeutic drugs and PD-1/PD-L1 inhibitors
were used by 6 cases.

The most common type of PD-1/PD-L1 inhibitor associated with SJS/TEN
found in this study was sintilimab (6 cases, 50%); it was reported by two patients
using tislelizumab, three patients using toripalimab, keytruda, and cadonilimab, re-
spectively, and one patient with unknown prescription.

In our study, the latency from the first usage of PD-1/PD-L1 inhibitors to the
occurrence of SJS/TEN varied from 11 days to 9 months. For instance, Patient 6
received the sintilimab injection therapy since August 2020 but he did not present
with any relevant symptoms of the disease until April 2021.

The SCORTEN score for the cases with complete data ranged from 3 to 4
points, indicating a forecast mortality rate of 32% and 64%, respectively.

Clinical Course and Outcomes
Intravenous treatment was administered with methylprednisolone in all cases,

and all TEN patients had undergone through multiple main therapies, including in-
fusion of immunoglobulin and hemoperfusion, and hormone therapy. The average
length of stay for these patients was 14.9 days, ranging from 4 to 45 days. Six
patients received human albumin as a nutritional supplement. Among all the in-
cluded patients, only Patient 4 lost to be followed up on after self-discharge, and
the remaining cases showed improvement and were discharged.

Laboratory Index and Pathology
Table 2 tabulates data of heart rate—an independent risk factor—and other im-

portant laboratory indexes. The average heart rate was 88± 11 bpm, the mean urea
level during admission was 7.60 ± 3.25 mmol/L, and the creatinine level was 71
± 21 µmol/L. The data of serum glucose and liver function index are expressed as
medians and quartiles since they do not comply with the normal distribution. All
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the patients were classified as having normal liver function with a median alanine
transaminase level of 21.5 U/L (15.5, 40) and a median aspartate aminotransferase
27.5 U/L (20, 32.5). The blood glucose on admission underwent a huge fluctuation
(7.20 mmol/L [4.99, 10.40]). The patients also generally manifested low lympho-
cyte count, with amedian number of 5.85 (4.30, 9.00)× 108/L at admission, but pre-
sented with leukocytosis marked by a median leukocyte count of 3.30 (2.09, 6.39)
× 109/L. In Patients 11 and 12, skin biopsies were performed and the histopatholog-
ical findings showed subepidermal blisters with widespread necrosis and apoptotic
keratinocytes associated with lymphocytic inflammatory infiltrate (Figs. 1,2).

Fig. 1. Pathologic features associated with Steven-Johnson syndrome/toxic epidermal necroly-
sis (SJS/TEN) following PD-1/PD-L1 inhibitors usage, showing widespread necrosis, apoptotic
keratinocytes, and lymphocyte infiltration (Patient 11). PD-1, programmed cell death-1; PD-L1,
programmed death-ligand 1.

Discussion
The PD-1 is a transmembrane protein with 288 amino acids that is expressed

in a variety of immune cells. It mainly consists of extracellular IgV-like domain
region, the hydrophobic transmembrane region, and cytoplasmic region. (Chen et
al, 2022). In normal physiological conditions, the main function of the PD-1/PD-L1
pathway is to maintain immune homeostasis. However, PD-L1 expressed by cancer
cells binds to PD-1 on the surface of T cells, thereby inhibiting T cell activation
and leading to cancer immune escape (Cheng et al, 2020; Yi et al, 2022; Zhao et al,
2022; Zou et al, 2023). PD-1/PD-L1 inhibitors can hamper their binding, restoring
T cells activity to enhance anti-tumor immunity (Arranz-Nicolás et al, 2021; Jiang
et al, 2019). Since 2019, a growing number of antagonistic antibodies against PD-1
have been approved in China for treating different types of cancer; however, this
form of therapy elicits an antitumor T cell response and enhances immunological
activation leading to immune-related adverse. This provides a probable rationale
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Fig. 2. Epidermal necrosis and normal epidermis on the right side of the image (Patient 12).

for why 12 cases of SJS/TEN in our hospital occurred between the latest several
years 2020–2023.

Almost all the ICIs can trigger cutaneous irAEs, including rash of any grade
or rare high-grade skin adverse events. Until now, a few reports have described
PD-1/PD-L1 inhibitors-associated SJS/TEN, like cases related to sintilimab and
cadonilimab (Chen et al, 2023; Li et al, 2022, 2023). The occurrence of irAEs is
probably related to the disruption of the balance between PD-1 and PD-L1. When
the PD-1 pathway is pharmacologically blocked, T cell responses are promoted,
leading to the proliferation of self-reactive T cells with resultant autoimmunity
(Yoest, 2017), while PD-L1 expression by epidermal keratinocytes is increased
(Vivar et al, 2017), activating CD8+ cytotoxic T cell to target and decimate ker-
atinocytes (Goldinger et al, 2016; Ziemer et al, 2021). This mechanism accounts for
the progression of SJS/TEN.Another potentialmechanism involves cross-reactivity
between antigens, for instance, T cells recognizing tumor antigens may also be re-
active against skin epitopes (Berner et al, 2019; Hua et al, 2016).

Based on our findings, the onset of SJS/TEN may take an incubation period
of days to months since the first use of anti-PD-1/PD-L1 therapies, and in sev-
eral cases, light skin allergic reactions had occurred at the early stage of the treat-
ment, presaging the SJS/TEN eruption, since ICIs-induced SJS/TEN-like reaction
has been reported to develop after a slow progression of lichenoid or morbilliform
(Vivar et al, 2017). As reported, concomitant chemotherapy use or infection may
induce SJS/TEN since they were significant independent predictive risk factors for
irAEs (Huang et al, 2021). This is evident in the current study, as we observed
that a patient who injected with only sintilimab did not suffer an SJS/TEN episode
until a chemotherapeutic drug was administered. Since cutaneous adverse reac-
tions like urticaria, maculopapular rash and pruritus are commonplace among the
PD-1/PD-L1 inhibitors users, we postulate that patients with prior skin reactions
are more likely to develop SJS/TEN when other therapies are combined in the treat-
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ment regimens or when an infection occurs, a phenomenon that warrants clinicians’
vigilance.

SCORTEN is a specific severity-of-illness score for SJS/TEN, that predicts
mortality with high accuracy (Cartotto et al, 2008; Hu et al, 2012). In this study,
the SJS/TEN cases had a SCORTEN score of 3 or 4 points based on available data,
and all of the cases survived till hospital discharge, except 1 case was lost to follow
up.

Another interesting observation was the lymphocyte count reduction. Further-
more, as in most of our patients, neutrophile granulocyte count was mildly elevated,
but there is no scientific rationale to explain this pathological finding.

To manage PD1/PD-L1 inhibitors-associated SJS/TNE, the first step is to dis-
continue ICIs treatment and initiate immunosuppressive treatment promptly. It has
been found that simple strategy is not potent enough to control the progression of
the disease due to the resistance developed against corticosteroids and intravenous
immunoglobulin (Zhang andWu, 2023). In our cases, more than two specific types
of treatments are essential for TEN cases, apart from the supportive care. In re-
cent years, Tumor necrosis factor-α (TNF-α) inhibitors like adalimumab have been
recommended as a viable alternative for shortening the clinical course, given that
SJS/TEN is associated with a high level of TNF-α (Chen et al, 2023).

Conclusion
The current study emphasizes the correlation of PD-1/PD-L1 inhibitors with

SJS/TEN development, which requires more in-depth studies for validation. In this
paper, we provide some characteristic clues to SJS/TEN that are associated with the
use of PD-1/PD-L1 inhibitors, such as latency period, potential signs like early mild
rash, potential threats from combined chemotherapy and antibiotics, the degree of
severity and clinical outcomes, etc., which could point to severe cutaneous adverse
caused by PD-1/PD-L1 inhibitors.

Key Points
• This study gathered the data of patients who had previously used PD-

1/PD-L1 inhibitors but later were diagnosed with SJS/TEN in a derma-
tology hospital.

• This study highlights the correlation between SJS/TEN development and
PD-1/PD-L1 inhibitors utilization, offering characteristic clues for serious
skin adverse reactions.

• This study thoroughly described the characteristics of SJS/TEN related to
PD-1/PD-L1 inhibitors usage, such as latency period, severity, and clini-
cal outcomes.

• This study provides a reference for further research on the incidence and
pathogenesis of SJS/TEN associated with PD-1/PD-L1 inhibitors usage.
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