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ABSTRACT

Introduction: Stevens-Johnson syndrome (S]S)
and toxic epidermal necrolysis (TEN) are severe
cutaneous adverse reactions with high morbid-
ity and mortality and not clearly established
treatment protocol. This meta-analysis aimed to
evaluate the efficacy and safety of three biologic
TNF-o inhibitors (infliximab, etanercept, adali-
mumab) in the treatment of SJS, SJS-TEN over-
lap, and TEN.

Methods: Electronic databases were searched
for original studies containing human partici-
pants diagnosed with SJS/TEN and treated with
biologic TNF-a inhibitors. Individual patient
data were collected and summarized to provide
a comprehensive overview on therapeutic effi-
cacy of different biologic TNF-o inhibitors for
SIS, SJS-TEN overlap, and TEN, respectively.
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Meta-analyses on aggregated study data were
conducted using random-effects model.
Results: Overall, 55 studies with 125 sets of
individual patient data were included. Inflix-
imab was used to treat 3 patients with SJS-TEN
overlap and 28 patients with TEN, and the
actual mortality rate was 33.3% and 17%,
respectively. Etanercept was administered to 17
patients with SJS, 9 patients with SJS-TEN
overlap, and 64 patients with TEN, and mor-
tality rate was reported to be 0%, 0%, and
12.5%, respectively. For participants with TEN,
no significant difference was found in time of
reepithelialization, hospitalization time, and
mortality rate comparing etanercept with
infliximab. More sequelae were reported in
patients receiving infliximab than in patients
treated with etanercept (39.3% versus 6.4%).
Adalimumab was administered to four patients
with TEN, and mortality rate was 25%. Meta-
analyses on aggregated study data revealed sig-
nificantly shortened hospitalization time in
etanercept compared with non-etanercept
groups [weighted mean differences
(WMD) —-5.30; 95% confidence interval (CI)
—8.65 to —1.96]. Etanercept was associated with
a survival benefit for patients when compared
with non-etanercept treatment, however, the
analysis was not statistically significant (odds
ratio 0.55; 95% CI 0.23-1.33).

Conclusions: On the basis of the current find-
ings, etanercept is currently the most promising
biologic therapy for SJS/TEN. Further evaluation
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in prospective studies is required to confirm its
efficacy and safety.

Keywords: Stevens-Johnson syndrome; Toxic
epidermal necrolysis; Biologic; TNF-a inhibitors;
Etanercept

Key Summary Points

Patient-level analysis indicated that
infliximab had comparable efficacy to
etanercept in treating patients with toxic
epidermal necrolysis (TEN), as
demonstrated by similar clinical
outcomes, including time to
reepithelialization, hospitalization time,
and mortality rate.

Patient-level analysis showed that
etanercept had a lower mortality rate
compared with the average rate reported
in epidemiological studies across patients
with Stevens-Johnson syndrome (S]S),
SJS-TEN overlap, and TEN.

Meta-analysis results showed that
etanercept therapy provided comparable
survival outcome and shorter hospital
stays compared with non-etanercept
treatments.

Patients with TEN who received infliximab
had a higher rate of sequelae compared
with those treated with etanercept.

Overall, etanercept appears to be the most
promising biologic therapy for SJS/TEN on
the basis of the current findings.

INTRODUCTION

Stevens—Johnson syndrome (SJS) and toxic epi-
dermal necrolysis (TEN) are rare but life-threat-
ening cutaneous adverse reactions primarily
caused by certain medications [1]. SJS and TEN
are considered different severities of the same
disease spectrum with distinct epidermal
detachment areas: SJS is defined as < 10% skin

detachment, SJS-TEN overlap is 10-30%, and
TEN is > 30% [2]. The published overall mor-
tality rate is approximately 5-10% for SJS,
10-25% for SJS-TEN overlap, and 25-50% for
TEN [3-5].

As rare conditions, there is currently no well-
established treatment protocol for SJS and TEN.
The most commonly used therapeutic inter-
ventions are cyclosporine and glucocorticoid
regimens [6]. The exact pathogenesis of SJS/TEN
remains unclear. Skin lesions and blister fluid in
SJS/TEN are known to contain high levels of
TNF-a, which has led to the use of TNF-a inhi-
bitors such as infliximab, etanercept, and adal-
imumab in the treatment of these conditions
(7, 8].

Numerous studies have reported the benefi-
cial effects of biologic TNF-a inhibitors in the
treatment of SJS/TEN [9-13]. However, many of
these studies were case reports and case series
with small sample sizes, which lacked the sta-
tistical power to support the use of TNF-a inhi-
bitors as standard of care. Several meta-analyses
have demonstrated the significant effect of
etanercept and infliximab in reducing mortality
[14-16]. However, these previous meta-analyses
frequently integrated the outcomes of SJS, SJS-
TEN overlap, and TEN as a single entity, and
seldom explored the impact of factors such as
timing of intervention and combined therapy
on treatment efficacy [14, 17]. These gaps
motivated us to conduct this study, which aims
to explore the efficacy and safety of biologic
TNF-o inhibitors (infliximab, etanercept, adali-
mumab) for SJS, SJS-TEN overlap, and TEN,
respectively.

The primary objective of this meta-analysis is
to evaluate the effects of infliximab, etanercept,
or adalimumab on mortality, length of hospi-
talization, and reepithelialization time in SJS,
SJS-TEN overlap, and TEN, respectively. We also
aim to explore the impact of age, sex, severity-
of-illness score of toxic epidermal necrolysis
(SCORTEN), days after onset to therapy given,
and combined intervention on treatment effi-
cacy. In this meta-analysis, aggregated study
data (meta-analysis at the study level) and
individual patient data (IPD) (meta-analysis at
the patient level) were used to obtain effect
estimates for different TNF-a inhibitors.
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METHODS

The present meta-analysis was conducted fol-
lowing the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA)
guidelines. Ethical approval and patient con-
sent were not necessary as this was a systematic
review and meta-analysis of previously pub-
lished studies.

Search Strategy

Two independent reviewers conducted a com-
prehensive search of PubMed, Embase, Web of
Science, Scopus, and Cochrane Library for
published articles reporting the effects of TNF-o
inhibitors in the treatment of SJS/TEN. Search
date was set from January 1990 to January 2023,
as the internationally accepted consensus defi-
nition for diagnosing SJS/TEN was developed in
1990 [18]. The following keywords were used:
(Stevens-Johnson syndrome OR Toxic epider-
mal necrolysis OR SJS OR TEN) AND (TNF-a
inhibitors OR biologic OR etanercept OR adali-
mumab OR infliximab). Bibliographies of rele-
vant articles and systematic reviews were
manually searched for additional studies.

Definition

Diagnosis of SJS, SJS/TEN overlap and TEN was
based on the internationally accepted consen-
sus definition described by Roujeau etal. as
follow: SJS, < 10% skin detachment of total
body surface area; SJS-TEN overlap, 10-30% skin
detachment of total body surface area; and
TEN, > 30% skin detachment of total body
surface area [18].

Eligible Criteria

Comparative studies [observational studies and
randomized controlled trials (RCT)] and non-
comparative studies (case reports and case series
studies) of any age group assessing the effec-
tiveness of TNF-a inhibitor (infliximab, etaner-
cept, and adalimumab) interventions for §JS,
SJS-TEN overlap, and TEN were included. Other

inclusion criteria were as follows: (1) studies
clearly differentiating severity of diseases (SJS,
SJS-TEN overlap, and TEN) or providing raw
data of body surface area involvement to cate-
gorize disease phenotypes; (2) studies having
sufficient description of treatment inventions;
(3) studies providing at least one of the out-
comes regarding mortality, hospitalization
time, and time of reepithelialization. Studies
that did not meet the above listed criteria,
duplicate studies, review articles, and non-re-
search letters were excluded. In case of duplicate
reports, the study with the most comprehen-
sive, up-to-date and largest dataset was inclu-
ded. We contacted the corresponding author to
obtain missing individual patient data and
outcome data via email. If no response was
received before drafting the manuscript, the
study was excluded from analysis. The different
steps to identify and assess the literature were
independently performed by two reviewers. Any
disagreement was resolved through consensus.

Data Extraction

Two reviewers independently extracted data
from each study using a predefined form. Any
discrepancies were resolved through discussion.
Extracted data included general study charac-
teristics (first author, publication year, study
design, country, admission ward), basic patient
demographics (age, sex, type of diagnose, body
surface area, SCORTEN score involvement,
comorbidities, and previous treatments), inter-
vention characteristics (type of biologic ther-
apy, dose, frequency, route of administration,
days after onset to therapy given, and combi-
nation therapy), and data on outcome measures
(mortality, hospitalization time, time of reep-
ithelialization, and sequelae).

Quality Assessment

An instrument proposed by MacLehose et al.
and modified by Zimmermann etal. was
applied for quality assessment of case reports
and case series studies [19, 20]. The instrument
assesses studies on the basis of 13 aspects and
assigns a total score ranging from 0 to 13 [20].
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Studies with a score below 5 were considered
high risk.

Statistical Analysis

For descriptive statistics of individual patient
data, continuous variables were reported as
mean (SD) with standard deviations (SD) or
median (range) with interquartile ranges (IQR)
as appropriate according to distribution, while
categorical variables were reported as absolute
numbers (N) and percentages of the total.
Demographic and clinical variables between
patients receiving different biologic therapies
were compared. Associations between biologic
treatment efficacy and age, sex, days after onset
to therapy given, and use of concomitant ther-
apies were evaluated. Statistical analyses were
performed using SPSS software (IBM SPSS
Statistics for Windows, Version 28.0.1.0.,
Armonk, New York). A p-value < 0.05 was con-
sidered as statistically significant.

Study level meta-analysis was conducted
using Stata software version 15.0 (Stata Corpo-
ration, College Station, TX, USA). Dichotomous
variables were pooled as odds ratio (OR) with
95% confidence interval (CI), while continuous
variables were generated using weighted mean
differences (WMD) with a 95% CI. Statistical
heterogeneity between the studies was mea-
sured by chi-squared Q-test and further quanti-
fied by I* statistics. Heterogeneity was deemed
significant when corresponding p-value was <
0.1 or when I was > 50%. When substantial
heterogeneity was present, a random-effect
model was used for analysis; otherwise, a fixed-
effect model was applied. All reported p-values
were two-sided and p < 0.05 was considered
statistically significant.

RESULTS

Search Results

The initial database search yielded 5899 records
(duplicates excluded), and an additional 5 arti-
cles were identified from reference check. Fol-
lowing title and abstract screening, 147 full-text

articles were retrieved and assessed for eligibility
and data extraction. Eventually, 55 studies were
included in the meta-analysis. The selection
process is summarized in Fig. 1.

Study Characteristics

The 55 eligible studies were made up of 41 case
reports, 6 case series, 6 prospective/retrospective
cohort studies, and 2 RCTs [11-13, 21-72].
Seven of the studies were two-arm intervention
studies. The majority of studies involved drug-
induced conditions (50 out of 55 studies), while
3 studies reported vaccination-induced TEN,
and 2 described infection-associated TEN.
Infliximab was used in 21 studies, etanercept in
33 studies, and adalimumab in 1 case report.
Treatment protocols of TNF-a inhibitors inclu-
ded monotherapy, following failure of other
systemic treatments (28 studies), and in com-
bination with systemic corticosteroid (9 stud-
ies), intravenous immunoglobulin (5 studies),
corticosteroids + intravenous immunoglobulin
(11 studies), or N-acetylcysteine (1 studies). The
basic study characteristics were summarized in
Table 1.

The average quality score of the included
studies was 6.86 (range 5.33-11.67). Supple-
mentary Table 1 provides detailed results of the
quality assessment for the included 55
publications.

Patient-Level Analysis

Individual patient data were available for 125
patients from 51 studies. Of these patients, 31
(24.8%) received infliximab, 90 (72%) were
treated with etanercept, and 4 (3.2%) received
adalimumab. Detailed information on individ-
ual patient characteristics, such as age, sex,
body surface area, SCORTEN score, disease
severity, biologic therapy, dose, frequency,
route of administration, and combination
therapy, were summarized in Supplementary
Table 2.

Among the 125 patients with individual
data, 17 were diagnosed with SJS (< 10% BSA).
All of them were treated with etanercept. The
mean age was 39.42 years. The mean time of
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Fig. 1 The PRISMA flow diagram depicting the process of study selection

reepithelialization was 5.67 days, the mean
hospitalization time was 11.36 days, the actual
mortality reported was 0%, and the number of
patient-reported sequelae was 0% (Table 2).

Among the 125 patients with individual
data, 96 were diagnosed with TEN (> 30% BSA).
The mean age of participants with TEN who
underwent infliximab (28 of 96 patients) ther-
apy was 40.71 years. The mean time of reep-
ithelialization was 12.5days, the mean
hospitalization time was 22.58 days, the actual
mortality reported was 14.3%, and the number
of patients reported sequelae was 39.3%
(Table 2).

The mean age of participants with TEN who
underwent etanercept (64 of 96 patients) ther-
apy was 48.61 years. The mean time of reep-
ithelialization was 10.47 days, the mean
hospitalization time was 21.24 days, the actual
mortality reported was 12.5%, and the number
of patient-reported sequelae was 6.4% (Table 2).

The mean age of participants with TEN who
underwent adalimumab (4 of 96 patients) ther-
apy was 38.75 years. The mean time of reep-
ithelialization was 17.24 days, the mean
hospitalization time was 22.75 days, the actual
mortality reported was 0%, and the number of
patient-reported sequelae was 0% (Table 2).
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Timing with combined

Intervention Combined therapies

Sample
size

Study Diagnosis

design

Region

Table 1 continued

References

therapies

Combined

IVIG + supportive therapy

Infliximab

4

TEN

Case

Colombia

Zarate-Correa

I'CpOI't

Case

etal. [13]

Zhang et al. [71]

Combined

Corticosteroids + IVIG

Etanercept

TEN

China

report
Cohort

Combined

Corticosteroids

Etanercept

242

SJS, SJS-TEN

China

Zhang et al. [72]

overlap, TEN

study

IVIG intravenous immunoglobulin, RCT randomized controlled trials, SJS Stevens—Johnson syndrome, TEN toxic epidermal necrolysis

Demographic and clinical variables between
patients with TEN receiving infliximab and
etanercept were compared. No significant dif-
ference was found between the assessed vari-
ables, except that the number of patient-
reported sequelae was significantly higher in
patients treated with infliximab compared with
patients who received etanercept (p = 0.022)
(Table 2).

Among the 125 patients with individual
data, 12 were diagnosed with SJS-TEN overlap
(10%-30% BSA). The mean age of SJS-TEN
overlap participants who underwent infliximab
(3 of 12 patients) therapy was 70.33 years. The
mean hospitalization time was 20.50 days, the
actual mortality reported was 33.3%, and the
number of patient-reported sequelae was 0%
(Table 2).

The mean age of participants with SJS-TEN
overlap who underwent etanercept (9 of 12
patients) therapy was 38.57 years. The mean
time of reepithelialization was 11.83 days, the
mean hospitalization time was 14.4 days, the
actual mortality reported was 0%, and the
number of patient-reported sequelae was 0%
(Table 2).

Subgroup Analysis

Associations between biologic treatment effica-
cies (time of reepithelialization, hospitalization
time, actual mortality, and sequelae) and
demographic as well as intervention character-
istics [age (<40 vs > 40), sex (male versus
female), days after onset to therapy given
(< 7 days versus > 7 days), and use of con-
comitant therapies (none or supportive therapy
versus corticosteroids versus immunoglobulin
versus corticosteroids + immunoglobulin)]
were evaluated using the data on patients with
TEN.

For patients treated with infliximab, none of
the assessed demographic and intervention
variables showed a significant effect on time of
reepithelialization, hospitalization time, actual
mortality, and sequelae (all p > 0.05) (Table 3).

For patients treated with etanercept, the use
of concomitant therapies was found to have a
significant influence on hospitalization time
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Table 2 Results of individual patient data analysis
SJS Infliximab Etanercept Adalimumab  p value
Number of cases () 17
Age (years) 39.42 + 1876
Sex (male/female/missing) (7) 6/6/5
BSA (%) 8.40 + 2.07 (7/10)
SCORTEN ()

0-1 8

2 3

3 1

4 3

=5 2
Undefined 0
Days after symptom onset therapy given (days) 1150 + 3.54 (2/17)
Time of reepithelialization (days) 5.67 + 231 (3/17)
Hospitalization time (days) 11.36 & 2.87 (11/17)
Mortality rate (%) 0% (0/17)
Number of patients reported sequelae (%) 0% (0/17)
SJS/TEN overlap Infliximab Etanercept Adalimumab  p value
Number of cases () 3 9
Age (years) 7033 + 4.73 38.57 + 27.47
Sex (male/female/missing) () 2/1/0 1/6/2
BSA (%) 200 £ 5.0 19.75 + 2.76
SCORTEN ()

0-1 2

2 2

3 1 1

4 1 1

=5
Undefined 1 3

Days after symptom onset therapy given (days)
Time of reepithelialization (days)
Hospitalization time (days)

Mortality rate (%)

3.67 £ 2.52 (3/3)
NA

20.50 4 2.12 (2/3)
33.3% (1/3)

4,60 + 2.88 (5/9)
11.83 + 9.58 (6/9)
144 £ 7.06 (5/9)
0% (0/9)
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Table 2 continued

SJS/TEN overlap Infliximab Etanercept Adalimumab  p value
Number of patient-reported sequelae (%) 0% (0/3) 0% (0/9)
TEN Infliximab Etanercept Adalimumab p value
Number of cases () 28 64 4
Age (years) 40.71 £+ 25.68 48.61 £+ 25.70 38.75 £ 19.79 0.348
Sex (male/female/missing) (1) 12/16/0 26/33/5 0/0/4 0915
BSA (%) 58.33 £ 25.95 58.25 £ 21.04 66.25 + 24.28 (4/4) 0.805
SCORTEN (n) 0.405
0-1 0 b) 1
2 4 8 1
3 2 16 1
4 3 11 1
>5 1 11 0
Undefined 18 13 0
Days after symptom 5.67 £ 345 (24/28) 460 £ 7.01 (53/64) 150 £ 3.00 (4/4) 0424
onset therapy given (days)
Time of reepithelialization (days) 12.5 &+ 13.98 (20/28)  10.47 + 4.98 (45/64)  17.24 £+ 12.69 (4/4) 0.104
Hospitalization time (days) 2258 + 13.87 (12/28) 2124 + 11.96 (21/64) 22.75 & 8.81 (4/4)  0.944
Mortality rate (%) 14.3% (4/28) 12.5% (8/64) 0% (0/4) 0.673
Number of patient-reported 39.3% (11/28) 6.4% (10/64) 0% (0/4) 0.022

sequelac (%)

NA not applicable, §JS Stevens—Johnson syndrome, TEN toxic epidermal necrolysis

p value: etanercept versus infliximab

and sequelae, with patients receiving etanercept
with corticosteroids + immunoglobulin having
the longest hospitalization time (p = 0.039) and
highest sequelae rate (p = 0.040) (Table 3).

Comparative Analysis

Seven two-arm intervention studies were
included, of which six compared etanercept
with non-etanercept treatments (supportive
therapy, corticosteroid, and immunoglobulin)
[22, 32, 55, 61, 65, 72], and one study compared

infliximab + N-acetylcysteine with N-acetyl-
cysteine [52].

Hospitalization time was reported in two
studies, and results of meta-analysis showed
that etanercept significantly reduced hospital-
ization time compared with non-etanercept
treatments (WMD -5.30; 95% CI —-8.65 to
—1.96; p = 0.002; I* = 0%) (Fig. 2).

Mortality rate was reported in six studies,
and although the meta-analysis showed a trend
toward lower mortality with etanercept, the
result was not statistically significant (OR 0.55;
95% CI 0.23-1.33; p = 0.185; I = 0%) (Fig. 3).
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Table 3 Subgroup analysis using individual patient data
Group Infliximab Etanercept p value
Number of p value Number of p value
reported reported
cases cases
Time of reepithelialization
(days)
Age (years) 0.788 0.553  0.566
< 40 12 10.67 £ 8.92 11 1191 + 5.38
> 40 8 7.75 £ 8.61 30 10.17 £+ 4.60
Sex 0.106 0224 0.751
Male 9 12.67 + 11.09 20 9.50 £+ 3.58
Female 11 12.36 £+ 16.52 21 11.71 £+ 5.63
SCORTEN - 0901 -
0-1 - - 2 13.00 £ 1.41
2 4 13.25 £ 9.88 7 9.29 £+ 5.99
3 - - 10 9.60 £ 4.60
4 - - 7 9.86 + 491
>S5 - - 10 9.50 £ 4.06
Days after symptom onset - 0.984 - 0.751
therapy given (days)
<7 13 11.85 £ 9.35 40 10.63 + 4.88
>7 7 13.71 + 21.01 1 -
Concomitant therapies 0.716 0.092  0.426
None or supportive therapy 5 6.80 + 1.48 34 9.47 + 224
Corticosteroids 9 11.00 + 12.30 7 1329 £+ 6.21
IVIG 4 9.00 + 5.74 1 -
Corticosteroids + IVIG 1 - 2 13.50 £ 3.54
Hospitalization time (days)
Age (years) 0.329 0.561  0.802
< 40 7 18.13 £ 9.52 16 20.69 £ 12.47
> 40 4 16.50 + 9.75 5 23.00 £ 11.29
Sex 0.177 0.320  0.837
Male 8 17.88 + 8.49 9 21.89 £ 13.76
Female 4 17.00 = 11.83 12 20.75 £ 11.04
SCORTEN - 0.668 -
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Table 3 continued

Group Infliximab Etanercept p value
Number of p value Number of p value
reported reported
cases cases

0-1 0 - 5 22.60 £ 13.30
2 2 27.00 £+ 1.14 1 -
3 1 - 5 20.80 £+ 12.38
4 1 - 3 2633 £ 2223
>5 0 - 0 -
Days after symptom onset 1.894 - -
therapy given (days)
<7 9 19.67 £ 7.75 16 22.13 £ 12.81
=7 3 31.33 £ 25.75 0 NA

Concomitant therapies 0.677 0.039  0.128

None or supportive therapy 2 10.50 £ 0.71 7 1729 £ 9.01

Corticosteroids 4 19.75 £ 9.54 10 18.60 + 8.63

IVIG 4 19.00 £ 11.96 1 -

Corticosteroids + IVIG 1 - 4 3475 + 16.28

Mortality rate (%)

Age (years) 0.066 0117  0.846

< 40 14 0% 19 0%

> 40 14 35.7% 40 20%
Sex 0.691 0.684  0.335
Male 12 25% 26 15.4%
Female 16 16% 34 11.8%
SCORTEN
0-1 - - - 5 0% 0589 NA
2 4 0% 8 0%
3 - - 16 6.25%
4 - - 11 9.1%
>5 - - 11 18.2%

Days after symptom onset 0.786 0.014  0.631

therapy given (days)

<7 18 16.7% 47 10.6%
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Table 3 continued
Group Infliximab Etanercept p value
Number of p value Number of p value
reported reported
cases cases
>7 8 12.5% 5 60%
Concomitant therapies 0.100 0.084  0.442
None or supportive therapy 7 0% 39 5.1%
Corticosteroids 11 27.3% 15 20%
IVIG 6 0% 1 0%
Corticosteroids + IVIG 4 50% 8 25%
Number of patient-reported
sequelae (%)
Age (years) 0.663 0.010  0.657
< 40 14 27.1% 19 36.8%
> 40 14 21.4% 40 7.5%
Sex 0.381 0.642 0.012
Male 12 25% 26 19.2%
Female 16 50% 34 14.7%
SCORTEN - 0451 -
0-1 - - 5 40%
2 - - 8 0%
3 - - 16 6.3%
4 4 75% 11 18.2%
>5 - - 11 0%
Days after symptom onset 0.946 0459  0.080
therapy given (days)
<7 18 38.9% 47 21.3%
=7 8 37.8% 5 0%
Concomitant therapies 0.234 0.040  0.265
None or supportive therapy 7 57.1% 39 7.7%
Corticosteroids 11 36.4% 15 13.3%
IVIG 6 50% 1 0%
Corticosteroids + IVIG 4 25% 8 62.5%

IVIG intravenous immunoglobulin
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Study %

ID WMD (95% CI) Weight
A02022 -4.90 (-10.75, 0.95) 32.71
Tian2022 -5.50 (-9.58, -1.42) 67.29

Overall (I-squared = 0.0%, p = 0.869) -5.30 (-8.65, -1.96) 100.00

NOTE: Weights are from random effects analysis

‘

-10.7

0

10.7

Fig. 2 Meta-analysis of hospitalization time comparing etanercept therapy with non-etanercept treatments

Study %

ID OR (95% CI) Weight
Dreyer2021 ¢ i 0.10(0.00,2.23)  8.08
Pham2019 —i—‘— 1.64 (0.26,10.17) 23.68
Tian2022 0.67 (0.05,8.55)  12.14
Wang2018 —i—— 0.47(0.13,1.72)  46.39
Zhang2022(1) i 0.27 (0.02,4.62) 9.71
A02022 ; (Excluded) 0.00
Overall (I-squared = 0.0%, p = 0.570) ©> 0.55(0.23,1.33)  100.00
NOTE: Weights are from random effects analysiis

T T
.00429 1 233

Fig. 3 Meta-analysis of mortality rate comparing etanercept therapy with non-etanercept treatments

A RCT conducted by Paquet et al. compared
the effect of infliximab + N-acetylcysteine with
N-acetylcysteine alone in the treatment of TEN.
Among the ten treated patients (five in each
group), no unexpected drug-induced adverse
event was noticed. However, the combination
treatment of infliximab with N-acetylcysteine

did not appear to reverse the evolving TEN
process, with an actual mortality rate of 40% in
the combination group versus 20% in the
N-acetylcysteine group.
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DISCUSSION

Numerous therapeutic approaches for SJS and
TEN have been proposed, however, the optimal
regimen has yet to be determined. TNF-o has
been implicated in the pathogenesis of SJS and
TEN. It has generally been suggested that the
mechanism underlying SJS and TEN involves an
immunological disorder mediated by cytotoxic
T cells activated by culprit drugs presented by
human leukocyte antigen class I molecules on
keratinocytes [72]. The granulysin molecule,
which is released by cytotoxic T cells, is an
important cytotoxic molecule [73]. TNF-a acts
as an upstream regulator of the granulysin gene
and promotes its production. Evidence has
shown that the concentration of TNF-a in
serum and blister fluid of patients with SJS/TEN
is elevated and can be markedly decreased after
TNF-oo blockade treatment, along with rapid
resolution of the condition, which further sup-
ports the use of TNF-o inhibitors for treating
SJS/TEN [21, 42, 65].

The present meta-analysis focused on
assessing the therapeutic efficacy of different
biologic TNF-o inhibitors in treating SJS/TEN by
conducting a patient-level as well as a study-
level analysis. Previous studies have evaluated
the role of TNF-a inhibitors in treating SJS/TEN
using individual patient level data, but they
combined the data of SJS, SJS-TEN overlap, and
TEN as an entirety, and only conducted a sub-
group analysis on the basis of whether TNF-o
inhibitors were used as monotherapy [14, 17].
In contrast, our study pooled patient data sep-
arately on the basis of the severity of diseases:
SJS, SJS-TEN overlap, and TEN. We have also
assessed the effect of five confounding factors,
including different combination therapies. Fur-
thermore, our study is the largest and most up-
to-date meta-analysis targeting the topic of
biologic therapies for SJS/TEN, including 55
studies with 20 published between 2020 and
2022. We believed that our study provides a
more precise and comprehensive overview of
the efficacy of each TNF-a inhibitors than the
previous reviews.

This meta-analysis has identified 22 publi-
cations (made up of 31 patients) that use

infliximab for the treatment of SJS-TEN overlap
and TEN. Patient-level analysis revealed that
infliximab had comparable efficacy to etaner-
cept in treating patients with TEN, as indicated
by similar clinical outcomes, including time to
reepithelialization, hospitalization time, and
mortality rate (Table 1) Infliximab was the first
TNF-o inhibitor proven to be effective in treat-
ing TEN [37], however, recent publications
regarding its use are lacking, with only seven
cases reported between 2015 and 2022
[15, 25, 26, 43, 46, 63, 64]. In 2004, Paquet et al.
conducted a pilot study comparing the effect of
infliximab combined with N-acetylcysteine
versus N-acetylcysteine along for patients with
TEN, and their findings countered the success of
infliximab in the treatment of TEN [52]. Fur-
thermore, the present analysis revealed a higher
sequelae rate in patients with TEN receiving
infliximab than in those treated with etanercept
(39.3% versus 6.4%, p=0.022), further dis-
couraging the use of infliximab as a standard-
ized treatment for SJS/TEN.

Compared with infliximab and adalimumab,
there is mounting evidence supporting the use
of etanercept in the treatment of SJS/TEN.
According to our collected data, etanercept has
been used to treat SJS, SJS-TEN overlap, and
TEN, and has yielded a lower mortality rate than
the average rate reported in epidemiology
studies [74-77]. Since etanercept has been
widely accepted in the treatment of SJS/TEN,
the focus should now be on determining the
most suitable etanercept regimen to achieve the
greatest efficacy. According to our subgroup
analysis using individual patient data, patients
receiving etanercept monotherapy had a similar
mortality rate compared with those treated with
etanercept in combination with corticosteroids
or corticosteroids + immunoglobulin. How-
ever, patients receiving etanercept combined
with corticosteroids and immunoglobulin
appeared to have a longer hospitalization time
and higher sequelae rate compared with etan-
ercept monotherapy. However, since only four
sets of patient data were pooled for hospital-
ization time, and eight for sequelae rate, the
results of our analysis is preliminary. The RCT
performed by Wang et al. found that etanercept
monotherapy yielded fewer side effects
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compared with corticosteroids monotherapy
[65]. The latest and largest observational study
conducted by Zhang et al. showed that combi-
nation therapy of etanercept and corticosteroids
demonstrated higher effectiveness in shorten-
ing the reepithelialization time and reducing
mortality compared with corticosteroid
monotherapy [72]. They suggested that the
combined treatment might avoid common
adverse events related to the higher dosage of
corticosteroids in SJS/TEN [72]. The findings of
Dreyer et al. suggested that in some patients,
etanercept monotherapy is not an adequate
intervention, but the addition of immunoglob-
ulin may be helpful [32]. Nevertheless, studies
directly comparing the efficacy of etanercept
monotherapy with combination treatment are
lacking. The findings of this study may inspire
future studies to assess this aspect.

It is suggested that the time gap between the
development of symptoms and initiation of
therapy could affect the mortality across the
treatment groups [78]. On the basis of the
results of our subgroup analysis, patients with
TEN who received etanercept within 7 days after
symptom onset demonstrated significantly
lower mortality (10.6% versus 60%) than
patients treated after more than 7 days. How-
ever, this result was preliminary, with only five
patients in the > 7 day subgroup. Although the
optimum time for starting etanercept after
onset of SJS/TEN has not been sufficiently dis-
cussed, most experts advocate early initiation
[79]. In our study, we collected data on 60
individual patients regarding the time elapsed
between symptom onset and therapy initiation,
with 51 of them (85%) receiving etanercept
within 7 days of symptom onset. This finding
indicates that starting etanercept within 7 days
of SJS/TEN symptom onset is currently the most
common choice.

In contrast to case reports and case series,
comparative studies can provide more com-
pelling evidence regarding the efficacy of etan-
ercept for the treatment of SJS/TEN. Our
analysis has identified six studies that compared
the treatment effect of etanercept with non-
etanercept therapies for SJS/TEN. Meta-analysis
results showed that etanercept therapy provided
comparable survival outcome and quicker

hospital discharge compared with non-etaner-
cept treatments, further confirming the use of
etanercept for the treatment of SJS/TEN. How-
ever, there is only one RCT targeting this topic
thus far, while the remaining five studies were
retrospectively designed, which has weakened
the credibility of the meta-analysis. Overall, the
present study provides evidence that supports
the use of etanercept as an effective alternative
for the treatment of SJS/TEN. Whether etaner-
cept should be recommended as the first-line
treatment for SJS/TEN still requires further
confirmation by large sample size and prospec-
tive RCT.

The interpretation of the present findings
should be approached with caution due to sev-
eral limitations. The included studies were pre-
dominantly case reports, case series, and
observational studies with no randomization,
which might introduce significant heterogene-
ity and bias. However, since SJS and TEN are rare
diseases, meta-analysis of these types of studies
is one of the few options available to assess
treatment efficacy and feasibility of TNF-o
inhibitors. Despite patient data analysis being
conducted, some subgroups, such as time
between disease onset and treatment initiation,
SCORTEN, and concomitant therapies, had
insufficient reported information, and the
results of subgroup analyses were preliminary
and not conclusive. Nonetheless, this study
offers a broad summary of biologic treatments
and outcomes for SJS/TEN, which might pave
the way for future investigations. Further stud-
ies with a strong level of evidence, such as RCTs,
are needed to validate and confirm the present
findings.

CONCLUSIONS

The current findings suggest that infliximab,
etanercept, and adalimumab are effective treat-
ments for SJS/TEN. However, the use of inflix-
imab may be limited by high reported side
effects and adalimumab by lack of validate evi-
dence. Etanercept appears to be the most
promising biologic TNF-a inhibitors for SJS/TEN
among the three options. Patient-level analysis
demonstrates that etanercept is safe and
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effective for treating different severities of SJS/
TEN. In study-level analysis, etanercept results
in shorter hospitalization time and lower risk of
mortality than non-etanercept treatments. Fur-
ther studies, such as RCT, are required to pro-
vide high-level evidence to support the clinical
application of biologic TNF-a inhibitors in SJS/
TEN and to explore the optimal regimen, tim-
ing, and contraindications for biologic therapy.
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