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A B S T R A C T

Background: The association between immune checkpoint inhibitors (ICIs) and Stevens-Johnsons syndrome
(SJS) /toxic epidermal necrolysis (TEN) is unclear. We assessed the risk of SJS and TEN related to ICIs, via a sys-
tematic analysis of SJS/TEN cases reported in clinical trials and the FDA Adverse Event Reporting System
(FAERS).
Methods: We explored ICIs related SJS/TEN events in randomized control trials available in Clinical-
Trials.gov and electronic databases (Pubmed, Embase, the Cochrane Central Register of Controlled Tri-
als) up to 12 January 2021. Meta-analysis was performed by using Peto odds ratios (ORs) with 95% CIs.
In a separate retrospective pharmacovigilance study of FAERs, cases of ICIs related SJS/TEN were
extracted between the first quarter (Q1) of 2004 and Q4 of 2020. Disproportionality was analyzed
using the proportional reports reporting odds ratio (ROR) and information components (IC). PROSPERO
registration number: CRD42021232399.
Findings: A total of 20 RCTs (11597 patients) were included. ICIs were associated with an increased risk of SJS/
TEN (OR= 4.33, 95%CI:1.90�9.87). FAERS pharmacovigilance data identified 411 cases of SJS (n = 253) or TEN
(n = 184) related to ICIs therapy. ICIs were significantly associated with SJS/TEN (n = 411; ROR=2.88,
95%CI:2.61�3.17; IC=1.49, 95%CI:1.35�1.65). The median onset time of SJS/TEN was 25.5 days (SJS:21.5 days;
TEN:32 days) (n = 190), 97.5% of patients discontinued use of ICIs when suffering from SJS/TEN (n = 201). Of
305 cases that reported outcomes, 113 (37%) resulted in death (SJS:19.9%, TEN:61.6%).
Interpretation: These data suggest that ICIs were significantly associated with increased risk of SJS/TEN.
Funding: Research Fund of Guangdong Pharmaceutical Association (2021ZX01; 2018LR18).
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Immune checkpoint inhibitors (ICIs), include agents target pro-
grammed death-1 receptor (PD-1), programmed death-ligand 1 (PD-
L1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), have
radically transformed the therapeutic landscape for multiple cancer
types [1]. Despite the survival benefits of ICIs therapy, these treatments
can also lead to a variety of immune-related adverse events (irAEs),
include cutaneous reactions, such as morbilliform, psoriasiform, lichen-
oid, eczematous, and rah are common in patients on these drugs [2,3].

Stevens-Johnson syndrome (SJS) and toxic epidermal necroly-
sis (TEN) are rare and life threatening skin adverse reactions,
characterized by flaccid blister formation, rapidly progressive and
extensive necrosis with epidermal detachment [4,5], SJS involves
<10% body surface area and TEN >30% body surface area [4].
Therefore, knowing the incidence and risk of SJS/TEN associated
with ICIs will help practitioners to make appropriate measures to
limit their effects. SJS/TEN events related to ICIs are reported
occasionally in small case series and case reports [6,7], but no
definitive data have been established.

Given the widespread and increasing use of ICIs in real world,
and the potential risk of SJS/TEN induced by ICIs, performed a
systematic review and meta-analysis of randomized controlled
trials (RCTs) to estimate the risk of developing SJS/TEN related to
ICIs. Furthermore, we also examine reported events of ICIs-associ-
ated SJS/TEN in clinical practice using real-world pharmacovigi-
lance data from Food and Drug Administration (FDA) Adverse
Event Reporting System (FAERS) [8].
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Research in context

Evidence before this study

We searched PubMed for articles published until February 1,
2021, with the terms (“immune checkpoint inhibitors” OR
“PD1” OR “PD-L1” OR “nivolumab” OR “pembrolizumab” OR
“cemiplimab” OR “atezolizumab” OR “avelumab” OR “durvalu-
mab” OR “ipilimumab” OR “tremelimumab”) AND (“Stevens-
Johnson syndrome” and “toxic epidermal necrolysis”). Our
search retrieved no reports of meta-analyses or pharmacovigi-
lance studies investigated the between immune checkpoint
inhibitors and Stevens-Johnsons syndrome /toxic epidermal
necrolysis.

Added value of this study

To the best of our knowledge, this study is the largest and most
extensive analysis of Stevens-Johnsons syndrome/toxic epider-
mal necrolysis associated with immune checkpoint inhibitors
collected data from both clinical trials and a worldwide phar-
macovigilance database to date. Meta-analysis of 20 RCTs sug-
gested that immune checkpoint inhibitors are associated with
increased risk of Stevens-Johnsons syndrome/toxic epidermal
necrolysis. FAERS pharmacovigilance data of 411 cases also
indicated that immune checkpoint inhibitors were significantly
associated with over-reporting frequencies of Stevens-Johnsons
syndrome/toxic epidermal necrolysis. The median onset time of
events was 25.5 days, with a mortality rate of 37%.

Implications of all the available evidence

Both meta-analysis of RCT's and real-world FAERS pharmacovi-
gilance data suggested that the immune checkpoint inhibitors
may increase the risk of Stevens-Johnsons syndrome/toxic epi-
dermal necrolysis. Further studies are needed to identify risk
factors and optimal management of Stevens-Johnsons syn-
drome/toxic epidermal necrolysis-like reactions to immune
checkpoint inhibitors.
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2. Methods

2.1. Study design

Firstly, we did a meta-analysis of RCTs to investigate the risk of
SJS/TEN in patients treated with ICIs. Furthermore, a retrospective
data mining analysis was conducted using the FDA FAERS database to
further examine the risk of SJS/TEN in clinical practice. J. W. had full
access to all the data in the study

2.2. Systematic review procedures

This study was prospectively registered in PROSPERO (https://
www.crd.york.ac.uk/PROSPERO/) (CRD42021232399). The meta-
analysis was performed according to the PRISMA checklist [9]. A sys-
tematic literature review was performed in Pubmed, Embase, the
Cochrane Central Register of Controlled Trials (CENTRAL) [10], and
the ClinicalTrials.gov website to identify randomized clinical trials of
immune checkpoint inhibitors (up to 12 January 2021), with no lan-
guage restriction. Terms related to immune checkpoint inhibitors
(nivolumab, pembrolizumab, cemiplimab, atezolizumab, avelumab,
durvalumab, ipilimumab and tremelimumab) and study design (RCT)
were used. RCTs that compared immune checkpoint inhibitors versus
placebo or active controls in cancer patients and reported adverse
events of SJS/TEN were eligible for inclusion.
Data were collected by two authors (J.Z. and G.C.) independently,
and discrepancies were resolved by a third investigator (Z.H.). The
number of patients with SJS/TEN events classified according to the
Cancer Therapy Evaluation Program (CTEP) in trials reported on Clini-
calTrials.gov was extracted [11]. We further collected SJS/TEN events
according to the Common Terminology Criteria for Adverse Events
(CTCAE) in published RCTs [12], if data were not available on Clinical-
Trials.gov. For each included trial, additional data including NCT
number, trial name, study design, ICIs regimen, control arm regimen,
median age, median follow-up, sample size, and tumor type was also
extracted. The risk of bias of all included RCTs was examined by two
reviewers (Y.Z. and S.G.) concurrently according to the recommenda-
tions outlined in the Cochrane Handbook [13].

The primary outcome was the summary risk of SJS/TEN related to
immune checkpoint inhibitors, we performed a meta-analysis to
compute Peto odds ratios (ORs) with 95% CIs. Between-study hetero-
geneity was determined by using the inconsistency index I2, with I2

values over 50% suggest substantial between-study heterogeneity
[14]. Prespecified subgroup analyses were done according to the type
of ICIs (ICIs treatment schedule), case of events (SJS vs TEN) or source
of data (published paper vs ClinicalTrials.gov). In addition, if more
than 10 studies were included in one meta-analysis, we also accessed
the publication bias represented by the Egger’s test [15,16]. A two-
sided p value of less than 0.05 in all analyses was considered statisti-
cally significant. Statistical analyses were performed using Stata soft-
ware (version 12.0).

2.3. Pharmacovigilance study procedures

Real-world pharmacovigilance data from FAERS were searched for
SJS/TEN events from January 1, 2011 to December 31, 2020, with the
MedDRA (version 23.1) preferred terms “Stevens-Johnson syndrome”
(Preferred Term) and “toxic epidermal necrolysis” (Preferred Term),
generic name of ICIs (nivolumab, pembrolizumab, cemiplimab, atezo-
lizumab, avelumab, durvalumab, ipilimumab and tremelimumab)
were used to identify cases notified as suspected to be caused by ICIs
[17]. When available, data of clinical characteristics was also col-
lected: reporter (health-care professional or non-health-care profes-
sional), sex, age, report countries, indication, reporting year, ICIs
characteristics (regimen, start and end date, and treatment modifica-
tions), and SJS/TEN characteristics (date of event and reaction out-
come). To avoid bias, data mining was performed by independent
researchers by using the OpenVigil FDA tool [18]. Before performing
statistical analysis, duplicate reports were removed by reviewing the
unique ID and the case characteristics.

Two data mining methods using proportional reports reporting
odds ratio (ROR) and Bayesian confidence propagation neural net-
works of information components (IC) were used to preform dispro-
portionality analysis [14,19], with all other drugs/events recorded in
FAERS as a comparator. For ROR, the lower limit of the 95% confi-
dence interval (CI) of the ROR (ROR025) >1 with at least three case
indicate a significant signal. For IC, the lower end of a 95% CI of the IC
(IC025) >0 suggest a significant signal. Data analyses were performed
using the Microsoft Excel (2010, Microsoft).

2.4. Role of the funding source

The funder had no role in the study design, data collection, data
analysis, data interpretation, and writing of the report.

3. Results

Of 4574 articles obtained from the initial search of the databases,
20 RCTs were included in the final analysis (Fig 1). Detailed baseline
characteristics of the included trials are summarised in Table 1. Six
trials were conducted in patients with lung cancer, 4 in patients with
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Fig 1. Flow diagram of trial selection.

Table 1
Characteristics of included randomised controlled trials.

Study Intervention Cancer type Sex, Male Sample Size Age years Mean
(Standard Deviation)

Median
follow-up

Events reported

NCT02576509 Nivolumab Hepatocellular Carcinoma 84.9% 367 63.9 (10.61) 3.5y ClinicalTrials.gov
Sorafenib 363 64.5 (10.91)

NCT02231749 Nivolumab + Ipilimumab Renal Cell Carcinoma 73.7% 547 61.1 (9.76) 31m ClinicalTrials.gov
Sunitinib 535 60.7 (10.10)

NCT02481830 Nivolumab Small-cell Lung Cancer 61.7% 282 61.5 (9.2) NR ClinicalTrials.gov
Chemotherapy 265 61.6 (8.4)

NCT02041533 Nivolumab NSCLC 61.4% 267 62.8 (10.25) 18m ClinicalTrials.gov
Carbone 2017 Chemotherapy 263 63.4 (9.63) Carbone 2017
NCT03215706 Nivolumab + Ipilimumab

+ Chemotherapy
NSCLC 70.1% 358 65.0 (8.3) 23m ClinicalTrials.gov

Chemotherapy 349 65.0 (10.3)
NCT03950674 Nivolumab + Chemotherapy NSCLC 77.5% 25 59.6 (12.7) NR ClinicalTrials.gov

Chemotherapy 15 60.9 (11.8)
NCT02579863 Pembrolizumab + Lenalidomide

+ Dexamethasone
Multiple Myeloma 46.5% 154 74.4 (6.0) 30m Usmani 2019

Usmani 2019 Lenalidomide + Dexamethasone 148 74.3 (5.9)
NCT02576977 Pembrolizumab+Pomalidomide

+Dexamethasone
Multiple Myeloma 62.5% 122 65.5 (9.3) 33m Mateos 2019

Pomalidomide+Dexamethasone 123 66.4 (10.0)
NCT02494583 Pembrolizumab + Chemotherapy Gastric or

Gastroesophageal
Junction

72.6% 250 60.9 (11.6) 42m ClinicalTrials.gov

Pembrolizumab 254 59.9 (11.6)
Chemotherapy 244 60.7 (12.7)

NCT02252042 Pembrolizumab Head and Neck 83.2% 246 60.3 (9.8) 27m Cohen 2019
Standard Treatment 234 60.2 (8.6)

NCT01704287 Pembrolizumab 2 mg/kg Melanoma 60.6% 178 59.5 (14.9) 75 m ClinicalTrials.gov
Pembrolizumab 10 mg/kg 179 60.1 (13.3)
Chemotherapy 171 60.5 (12.7)

NCT02302807 Atezolizumab 1200mg every 21d Urothelial Bladder 77.1% 459 65.9 (9.6) 46m Powles 2018
Chemotherapy 443 66.1 (9.3)

NCT02420821 Atezolizumab + Bevacizumab Renal Cell Carcinoma 73.1% ClinicalTrials.gov
Sunitinib

NCT02908672 Atezolizumab + Cobimetinib
+ Vemurafenib

Melanoma 58.2% 230 54.0 (14.2) 9m ClinicalTrials.gov

Cobimetinib + Vemurafenib 281 53.2 (14.1)
NCT00094653 Ipilimumab Plus gp100 Melanoma 59.3% 380 55.6 61.6m ClinicalTrials.gov

Ipilimumab 131 56.8
gp100 132 57.4

(continued)
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Table 1 (Continued)

Study Intervention Cancer type Sex, Male Sample Size Age years Mean
(Standard Deviation)

Median
follow-up

Events reported

NCT02516241 Durvalumab§tremelimumab Urothelial carcinoma 75.5% 340 67 41.2m Powles 2020
Powles 2020 Durvalumab 348 67

Chemotherapy 313 68
NCT03043872 Durvalumab§tremelimumab

+Chemotherapy
SCLC 71.6% 266 63 25.1m Goldman 2021

Durvalumab +Chemotherapy 265 62
Chemotherapy 266 63

NCT02569242 Nivolumab Oesophageal squamous
cell carcinoma

89% 209 64 Kato 2019

Kato 2019 Chemotherapy 208 67
NCT02523313 Ipilimumab+Nivolumab Melanoma 57% 55 52 28.4m Zimmer 2020
Zimmer 2020 Nivolumab 56 57

Placebo 51 58.5
NCT00527735 Ipilimumab + Paclitaxel/Carboplatin NSCLC/SCLC 74.6% 222 / NR ClinicalTrials.gov

Paclitaxel/Carboplatin 109 /
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melanoma, 2 in patients with renal cell carcinoma, 2 in patients with
multiple myeloma, 2 in patients with urothelial carcinoma, 2 in
patients with gastroesophageal, one in head and neck, and one in
hepatocellular carcinoma patients. Nivolumab used in 7 trials, ipili-
mumab used in 5 trials, pembrolizumab used in 5 trials, atezolizumab
in 3 trials, durvalumab in 2 trials, and tremelimumab in 2 trials. Five
trials used a combination of anti-PD-1/PDL-1 plus CTLA-4 treatment.
The duration of the follow-up ranged from 9 to 61.6 months. Events
of SJS/TEN collected from 9 published trials (supplementary material
Fig 2. Odds ratios of SJS/TEN in cancer patients
p.1), and the others were from ClinicalTrials.gov. Seven studies used
blinding methods were judged to have a low risk of bias according to
the Cochrane instrument (supplementary material p.2-p.3).

Pooled data from 20 trials, SJS/TEN occurred in 22 of 6638 partici-
pants randomized to the ICIs group and 2 of 4959 participants ran-
domized to the control group. Meta-analysis showed that ICIs was
associated with increased risk of SJS/TEN. The OR of SJS/TEN associ-
ated with ICIs was 4.33 (95% CI: 1.90�9.87, P < 0.001) with insignifi-
cant heterogeneity (I2 = 0%) (Fig 2). Results of subgroup analysis
treatment with ICIs compare with control.



Table 2
Characteristics of ICIs related SJS/TEN cases from FAERs database.

All cases (n = 411) SJS(n = 253) TEN (n = 184)

Reporter
Total data 406 250 181
Health-care professional 314(77.3%) 191(76.4%) 141(77.9%)
Non-health-care
professional

92(22.7%) 59(23.6%) 40(22.1%)

Sex
Total data 361 229 155
Male 212(58.7%) 139(60.7%) 88(56.8%)
Female 149(41.3%) 90(39.3%) 67(43.2%)
Age
Total data 305 190 132
Median 66years 65years 66years
Range 32�89years 32�87years 36�89years
Indication
Total data 358 217 161
Lung cancer 167(46.6%) 101(46.5%) 77(47.8%)
Melanoma 62(17.3%) 31(14.3%) 32(19.9%)
Renal Cancer 29(8.1%) 15(6.9%) 15(9.3%)
Lymphoma 17(4.7%) 7(3.2%) 12(7.5%)
Head And Neck Cancer 16(4.5%) 15(6.9%) 2(1.2%)
Other cancer/Unknown
Indication

67(18.7%) 48(22.1%) 23(14.3%)

Report countries
Total data 409 251 184
Japan,JP 119(29.1%) 94(37.5%) 31(16.8%)
United States,US 109(26.7%) 75(29.9%) 45(24.5%)
Germany,DE 35(8.6%) 13(5.2%) 26(14.1%)
Canada, CA 27(6.6%) 7(2.8%) 20(10.9%)
United Kingdom,GB 27(6.6%) 6(2.4%) 22(11.9%)
Other countries 92(22.5%) 56(22.3%) 40(21.7%)
Reporting year
Total data 411 253 184
2020 132(32.1%) 82(32.4%) 61(33.2%)
2019 119(28.9%) 70(27.7%) 58(31.5%)
2018 68(16.5%) 43(17%) 26(14.1%)
2017 51(12.4%) 34(13.4%) 20(10.9%)
2016 26(6.3%) 18(7.1%) 10(5.4%)
2015 9(2.2%) 3(1.2%) 6(3.3%)
2014 1(0.2%) 1(0.4%) 0(0%)
2013 4(1%) 1(0.4%) 3(1.6%)
2012 0(0%) 0(0%) 0(0%)
2011 1(0.2%) 1(0.4%) 0(0%)
Reaction Outcome
Total data 305 176 146
Recovered/resolved 77(25.2%) 56(31.8%) 24(16.4%)
Recovering/resolving 73(23.9%) 50(28.4%) 24(16.4%)
Not recovered/not
resolved

39(12.8%) 33(18.7%) 7(4.8%)

Recovered/resolved
with sequelae

3(1%) 2(1.1%) 1(0.7%)

Fatal 113(37.0%) 35(19.9%) 90(61.6%)
Treatment modifications
Total data 201 143 67
Drug withdrawn 196(97.5%) 140(97.9%) 65(97.0%)
Dose reduced 0(0%) 0(0%) 0(0%)
Dose not changed 5(2.5%) 3(2.1%) 2(3.0%)
Latency period
Total data 190 130 70
Median 25.5 days 21.5days 32days
Range 0-844 days 0-844 days 0-500 days
Within 3 weeks 86(45.3%) 65(50%) 26(37.1%)
<24 h 7(3.7%) 6(46.2%) 1(1.4%)
1�7 days 31(16.3%) 23(17.7%) 11(15.7%)
8-30days 73(38.4%) 54(41.5%) 22(31.4%)
31-60days 38(20%) 17(13.1%) 24(34.3%)
>61 days 41(21.6%) 30(23.1%) 12(17.1%)
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indicated that OR of SJS/TEN associated with ICIs did not vary signifi-
cantly by type of ICIs (ICIs treatment schedule, Pinteraction=0.92), case
of events (SJS vs TEN, Pinteraction=0.504) or source of data (published
paper vs ClinicalTrials.gov, Pinteraction=0.703) (supplementary material
p.4�p.6). No publication bias was observed among the included stud-
ies for the meta-analysis of SJS/TEN in the present study (Egger’s test
P = 0.974).

From January 1, 2011 to December 31, 2020, there were 10 840
246 total adverse reactions of any drug reported, with 101 328
related to ICIs. Of these reports with ICIs, 411 SJS/TEN reactions were
reported. Patient characteristics are summarised in Table 2. Most
cases were reported by health professionals (77.3%), with median
onset age of 66 years, and the male cases were slightly more than
female cases (58.7% vs 41.3%). Most cases were observed in patients
with lung cancer (46.6%), melanoma (17.3%), renal cancer (8.1%), lym-
phoma (4.7%) and head and neck cancer (4.5%). The number of cases
increased during the 2011�2020 period, mainly from United States,
Japan and Europe. Life-threatening events were higher (All cases:37%,
SJS:19.9%, TEN:61.6%), almost all patients discontinued use of ICIs
when suffered from SJS/TEN (97.5%). The median onset time of SJS/
TEN was 25.5 days (SJS:21.5 days; TEN:32 days).

For all cases of SJS/TEN, ICIs as a class had an ROR of 2.88 (95% CI
2.61�3.17) and a IC of 1.49 (95% CI 1.35�1.65) compared with all
other medications (Table 3, Fig. 3A). Significant associations were
also observed for anti-PD-1 as a class, nivolumab, pembrolizumab,
anti-PD-L1, atezolizumab, durvalumab, anti-CTLA-4 as a class, ipili-
mumab, and anti-PD-1/PDL-1 plus anti-CTLA-4, and not reported
with tremelimumab.

For SJS, ICIs as a class had an ROR of 2.71 (95% CI 2.39�3.07) and a
IC of 1.41 (95% CI 1.24�1.59) compared with all other medications
(Table 3, Fig. 3B). Significant associations were also observed for anti-
PD-1 as a class, nivolumab, pembrolizumab, anti-PD-L1, atezolizu-
mab, durvalumab, anti-CTLA-4 as a class, ipilimumab, and anti-PD-1/
PDL-1 plus anti-CTLA-4, and not reported with tremelimumab.

For TEN, ICIs as a class had an ROR of 2.82 (95% CI 2.43�3.26) and
a IC of 1.46 (95% CI 1.26�1.69) compared with all other medications
(Table 3, Fig. 3C). Significant associations were also observed for
Anti-PD-1 as a class, nivolumab pembrolizumab, anti-CTLA-4, ipili-
mumab, anti-PD-1/PDL-1 plus anti-CTLA-4, but unassociated with
anti-PD-L1, atezolizumab, durvalumab, and not reported with cemi-
plimab, avelumab, tremelimumab.

For SJS/TEN overlap, ICIs as a class had an ROR of 1.65 (95% CI
1.12�2.44) and a IC of 1.48 (95% CI 1.27�1.72) compared with all
other medications (Table 3, Fig. 3D), it was also observed strongly
associated with anti-PD-1 as a class and pembrolizumab.

4. Discussion

Following increasing use of ICIs, rare serious adverse events have
been reported which prompted additional investigations. To our
knowledge, the present study is the largest and most extensive analy-
sis of SJS and TEN associated with ICIs collected data from both clini-
cal trials and a worldwide pharmacovigilance database, and results
suggested that ICIs was associated with significantly increased risk of
SJS/TEN.

Due to the rare incidence of SJS and TEN, early RCTs did not iden-
tify any concerning safety signals. A small number of case reports
were published6-7, but no causal association of ICIs with SJS and TEN
could be established. Our results, based on meta-analysis of 20 RCTS
(11597 patients), suggested that ICIs as class significantly increased
the risk of SJS/TEN. We also performed a real-world analysis of 411
cases from FAERS, and results indicated that ICIs had a statistically
significant positive signal with SJS/TEN. Previous studies suggested
that the safety profiles of anti-PD-1, anti-PD-L1 and anti-CTLA-4 dif-
fered. Our results observed the safety signal for SJS/TEN was differed
between different ICI therapies, with pembrolizumab presented the
strongest signal for both SJS (ROR=4.36) and TEN (ROR=5.49), and the
signal of TEN was differed between anti-PD-1(ROR=3.36) and anti-
PD-L1(ROR=1.04) (Pinteraction<0.01). However, our subgroup analysis
of RCTs did not find significant difference between different ICI thera-
pies. Inconsistent with previous studies [20], combination therapy
seemed to increase the risk of immune related cutaneous adverse
events was not observed in our analysis, but this could be



Table 3
Disproportionality analysis of ICIs and SJS/TEN.

Category N. of case ROR ROR025 ROR975 IC IC025 IC975

All cases (SJS or TEN)
ICIs 411 2.88 2.61 3.17 1.49 1.35 1.65
Anti-PD-1 356 3.29 2.96 3.66 1.69 1.52 1.87
Nivolumab 175 2.43 2.09 2.82 1.26 1.09 1.46
Pembrolizumab 183 4.93 4.26 5.71 2.27 1.96 2.62
Cemiplimab 1 2.80 0.39 19.96 0.81 0.11 5.74
Anti-PD-L1 42 1.99 1.47 2.70 0.97 0.72 1.32
Atezolizumab 30 2.20 1.54 3.15 1.10 0.77 1.58
Avelumab 1 0.47 0.07 3.31 -0.82 -0.11 -5.80
Durvalumab 13 2.42 1.41 4.18 1.20 0.70 2.07
Anti-CTLA-4 71 2.10 1.66 2.65 1.05 0.83 1.33
Ipilimumab 71 2.10 1.66 2.65 1.05 0.83 1.33
Tremelimumab /
PD-1/PDL-1 plus CTLA-4 56 2.91 2.24 3.79 1.51 1.16 1.96
SJS
ICIs 253 2.71 2.39 3.07 1.41 1.24 1.59
Anti-PD-1 212 3.00 2.61 3.43 1.55 1.36 1.78
Nivolumab 108 2.29 1.90 2.77 1.18 0.97 1.42
Pembrolizumab 106 4.36 3.60 5.29 2.09 1.72 2.53
Cemiplimab 1 4.29 0.60 30.61 1.03 0.14 7.36
Anti-PD-L1 35 2.55 1.83 3.55 1.31 0.94 1.83
Atezolizumab 25 2.81 1.90 4.16 1.44 0.97 2.13
Avelumab 1 0.72 0.10 5.08 -0.34 -0.05 -2.41
Durvalumab 11 3.14 1.74 5.68 1.52 0.84 2.75
Anti-CTLA-4 39 1.76 1.29 2.41 0.80 0.58 1.10
Ipilimumab 39 1.76 1.29 2.41 0.80 0.58 1.10
Tremelimumab /
PD-1/PDL-1 plus CTLA-4 31 2.47 1.73 3.51 1.26 0.89 1.80
TEN
ICIs 184 2.82 2.43 3.26 1.46 1.26 1.69
Anti-PD-1 166 3.36 2.88 3.92 1.71 1.47 2.00
Nivolumab 73 2.21 1.76 2.79 1.13 0.89 1.42
Pembrolizumab 93 5.49 4.47 6.74 2.40 1.96 2.95
Cemiplimab /
Anti-PD-L1 10 1.04 0.56 1.93 0.05 0.03 0.09
Atezolizumab 7 1.12 0.53 2.35 0.15 0.07 0.32
Avelumab 0
Durvalumab 3 1.22 0.39 3.80 0.25 0.08 0.76
Anti-CTLA-4 34 2.20 1.57 3.08 1.11 0.79 1.55
Ipilimumab 34 2.20 1.57 3.08 1.11 0.79 1.55
Tremelimumab /
PD-1/PDL-1 plus CTLA-4 26 2.96 2.01 4.35 1.51 1.03 2.22
SJS/TEN overlap*
ICIs 26 1.65 1.12 2.44 0.70 0.47 1.03
Anti-PD-1 22 1.85 1.22 2.82 0.85 0.56 1.30
Nivolumab 6 0.76 0.34 1.69 -0.37 -0.17 -0.82
Pembrolizumab 16 3.95 2.41 6.46 1.85 1.13 3.02
Cemiplimab /
Anti-PD-L1 3 1.31 0.42 4.06 0.32 0.10 1.01
Atezolizumab 2 1.35 0.34 5.39 0.33 0.08 1.33
Avelumab /
Durvalumab 1 1.71 0.24 12.18 0.47 0.07 3.33
Anti-CTLA-4 2 0.54 0.14 2.17 -0.74 -0.19 -2.98
Ipilimumab 2 0.54 0.14 2.17 -0.74 -0.19 -2.98
Tremelimumab /
PD-1/PDL-1 plus CTLA-4 1 0.48 0.07 3.38 -0.79 -0.11 -5.63

*SJS and TEN reported in the same case
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confounded by the tumors where combination therapy is used. It is
interesting that there were proportionately more cases from Japan
from FAERS, this may reflect the differences in the reporting struc-
ture, since anti-PD-1 drug was first approved in Japan. However, we
did a post-hot analysis by excluding reportes from Japan, the signal
for SJS/TEN seems to remain robust (ROR=2.58; IC:1.34). Due to some
drugs (cemiplimab, avelumab, tremelimumab) are approved later, it
is difficult to compare the safety profiles of different ICI therapies.
Future research needed to be further investigated.

SJS/TEN are often triggered by particular medications, other medi-
cations that have been shown to increase these reactions include
nonsteroidal antiinflammatory drugs, antiepileptic drugs, and certain
antibiotics [21�23]. About 80% of the SJS/TEN cases occurred within
the first 2 months of initiation treatment, with median onset time
was 25.5 days (SJS:21.5 days; TEN:32 days), matching other studies
[21�23]. Mortality rates of SJS/TEN among ICIs related cases (All
cases:37%, SJS:19.9%, TEN:61.6%) seems to be higher than other medi-
cations, as previous study reported that mortality from SJS is approxi-
mately 5%, and mortality from TEN is approximately 30% [24]. One
possible reason for this is the concurrent malignancy and older age as
compared to other studies, which are specific predictor factors for
mortality according to score for toxic epidermal necrolysis
(SCORTEN) [25]. In addition, ICIs were mostly used as later line ther-
apy in the past years, the mortality rate due to SJS/TEN may decrease
with the increasing use of ICIs in first line and adjuvant therapy set-
ting. Therefore, a high index of suspicion is necessary to identify SJS/
TEN in its early stages in order to minimize the potential for both
morbidity and mortality in patients using ICIs [7].



Fig 3. ICIs and Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN), reporting odds ratios: A, all cases (SJS or TEN); B, SJS; C, TEN; D, SJS/TEN overlap.

J. Zhu et al. / EClinicalMedicine 37 (2021) 100951 7



Fig 3. Continued.
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The mechanism of immune checkpoint inhibitor results to SJS/
TEN is not clear. One mechanism is thought to be due to cytotoxicity
induced by ICIs resulting in T-cell targeting of keratinocytes leading
to apoptosis [5,26]. Currently, there is a consensus recommendation
for permanent discontinuation of the offending drug, considering the
high mortality rate associated with SJS/TEN. This was observed in our
study, with 97.5% cases discontinue the ICIs. Serious skin toxicity usu-
ally requires systemic immunomodulating drugs, some evidence sug-
gested that pulse steroids may have benefit [27]. Therefore, close
collaboration between oncologists and dermatologists are encour-
aged in order to optimize treatment strategy, since immunomodulat-
ing drugs may impede the action of ICIs [27]. Subsequently, best
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supportive care should be provided to maintain fluid and electrolyte
balance, minimize infectious, and prevent other complications risks.
Further studies are needed to identify risk factors, pathogenesis and
optimal management of SJS/TEN-like reactions to ICIs.

The present study has some limitations. Limitation for data
from trials: First, adverse events generally reportable only up to
30 days following the last treatment date according to CTCAEs.
Therefore, events occurring after 30 days following last treatment
would not have been captured, which create a bias in the analysis
[28]. Second, We collected events of SJS and TEN from both pub-
lished data (from published literature) and unpublished data
(from ClinicalTrials.gov), we chose to include events from the
ClinicalTrials.gov, as it comprehensively reports all serious
adverse events and updates events reporting even after publica-
tion [29].There might be bias surrounding the inclusion of unpub-
lished data, as this data was not peer-reviewed. Our subgroup
analysis by data source showed no significant difference, possibly
explained by SJS and TEN being considered as serious conditions
in almost every case. However, the interpretation of results from
subgroup analyses should be cautious, in view of limited patients
included, and subgroup analysis according to study quality was
not performed. Limitation for pharmacovigilance data: First, the
actual incidence of SJS/TEN due to ICIs cannot be determined, as
the total number of patients using these medications is undeter-
mined [30]. A high number of reported cases for SJS/TEN in the
FAERS database were from healthcare providers (77.3%), which
may improve the quality of reporting. Second, due to the volun-
tary nature of reporting to FAERS, the relationship between target
drug and suspected adverse event was not clear and definite [30].
Third, drugs with frequent adverse events can increase the total
number of reaction reports and therefore influence the value of
ROR and IC [30]. Therefore, the magnitude and statistical signifi-
cance of these associations may change with more reports are
submitted. In addition, misclassification bias is highly probable
for the definition of SJS/TEN, and data on SCORTEN score was not
provided.

In conclusion, both meta-analysis of RCT's and real-world FAERS
pharmacovigilance data suggested that the ICIs may increase the risk
of SJS/TEN. Further studies are needed to identify risk factors and
optimal management of SJS/TEN-like reactions to ICIs.
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