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Abstract
Background

Intravenous immunoglobulin (IVIG) treatment is commonly used to treat Stevens-Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN) with controversial therapeutic effect.

Methods

We conducted a comprehensive meta-analysis through combining the published eligible
studies to evaluate the effectiveness of IVIG on SJS and TEN treatment.

Results

A total of 26 studies were selected from public available databases. The combination of
IVIG and corticosteroid markedly reduced the recovery time (by 1.63 days, 95% CI: 0.83-
2.43, P<0.001), compared with solo corticosteroid group. The favorable effects were
greaterin Asian (2.19, 95% Cl: 1.41-2.97, P<0.001), TEN (2.56, 95% CI: 0.35-4.77, P=
0.023) and high-dose IVIG treated individuals (1.78, 95% Cl: 0.42-3.14, P=0.010). The
hospitalization length reduced by 3.19 days (95% CI: 0.08—6.30, P = 0.045), though the out-
come was proven to be unstable. We found heterogeneities, which sources were probably
regional factors. Besides, IVIG was inclined to decrease SJS/TEN mortality (SMR: 0.84,
95% CI: 0.66—1.08, P=0.178). This impact was possibly more profound when patients were
treated with high dose IVIG (SMR: 0.74, 95% CI: 0.50-1.08, P=0.116), or when patients
were diagnosed as TEN (SMR: 0.68, 95% CI: 0.45-1.01, P=0.058).

Conclusions

Our current meta-analysis suggests that IVIG combined with corticosteroid could reduce
recovery time for SJS and TEN. This effect is greater among Asian patients. Whereas, its
impact on reducing mortality is not significant.
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Introduction

Stevens-Johnson syndrome (S]S) and toxic epidermal necrolysis (TEN) are two severe types of
drug hypersensitivity characterized by extensive epidermal separation from dermis and the
degree of which is used to distinguish the clinical classification[1, 2]. SJS, SJS/TEN overlap and
TEN refer to detachments on <10%, 10~30% and > 30% of the body surface area, respectively.
Despite the characteristic epidermal detachment, a considerable proportion of patients may
suffer from various acute complications. The most common sequelae is reported as ocular
involvement which occurs in more than half of SJS/TEN patients [3]. SJS/TEN also results in
long-term morbidities involving various organs, which is well documented in the latest review
[4]. SJS and TEN are potentially fatal in acute phase due to the associated necrosis of external
and internal body surfaces which predispose patients to life-threatening complications includ-
ing sepsis and multi-organ failure. The mortality of SJS is less than 5%, whereas 30~50% TEN
patients die of the acute phase of the disorder|[2]. Severity of Illness Score for Toxic Epidermal
Necrolysis (SCORTEN) score has been developed to evaluate the severity of TEN and predict
its mortality[5]. Since this system is proven to be reliable and applicable for estimating risk for
death among both SJS and TEN patients[6-8], doctors routinely calculate the score after the
admission. Meanwhile, numerous studies set SCORTEN-derived expected mortality as inter-
nal control to evaluate the effects of immunomodulatory therapy on death prevention[9-12].

The pathogenesis of the disorder is still incompletely understood. Available evidences indi-
cate that the synthesis of genetic susceptibility, antigen-specific immunity and mediators of
cell death play key roles in the mechanism of the disease[13]. HLA-B*15:02 and HLA-A*31:01
have been implicated as risk factors after exposure to carbamazepine in the Han Chinese and
Japanese, respectively[14, 15]. Despite the fact that genetic susceptibilities exist in specific
racial groups, SJS/TEN is considered as a T cell mediated, type IV hypersensitivity disorder.
Unlike most allergic skin reactions which CD4" T cells are the predominant cell type, CD8" T
cells and NK cells concentrate in blister fluid and epidermis of SJS/TEN patients[13]. In terms
of apoptosis mediators, some studies observe that Fas/Fas ligand (FasL) pathway participates
in the keratinocyte death, a vital pathology of SJS/TEN[16-18]. This process is triggered by
ligation of Fas on keratinocytes via membrane-bound or soluble FasL from T cells, mononu-
clear cells or keratinocytes themselves[2]. In addition, perforin/granzyme pathway is also
involved. Once cytotoxic T cells recognize a target cell, perforin creates channels in the cell
membrane, which allows granzyme B to enter the cell, activate the intracellular caspase cascade
and result in apoptosis[19]. Additionally, granulysin, another cytotoxic molecule, is signifi-
cantly increased in blister fluids of patients. Depleting granulysin reduces the cytotoxicity,
while injection of this substance into mouse skin results in SJS/TEN mimicking features[20].
These biological evidences may provide us an insight that it is reasonable and promising to
cure SJS/TEN by blocking these immunological processes.

Intravenous immunoglobulin (IVIG) is considered as a possible way to treat SJS/TEN due
to its potential to suppress type IV hypersensitivity and hamper cell apoptosis. On one hand,
IVIG leads to a decreased internalization inside antigen presenting cells and results in a
reduced antigen-specific CD4" T cell response[21]. On the other hand, CD8" T cell activation
and cytotoxic markers (perforin and CD107) are also strongly suppressed when therapeutic
dose IVIG is given[22, 23]. In addition, there was evidence indicating that IVIG treatment
could decrease the number of NK cells in peripheral blood and reduce the releasing of gran-
zyme B into plasma[24]. Moreover, IVIG is capable to block Fas receptor and consequently
protects keratinocytes from Fas-mediated cell death in vitro[16]. Actually, this medicine is
commonly used in clinical treatment for SJS/TEN, however, no large randomized controlled
trail is conducted to evaluate its efficiency due to the low incidence of SJS/TEN. Actually, some
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studies suggested IVIG could possibly reduce the time to heal and hospitalization[25-27].
According to a recent study, the mortality was decreased among IVIG treated SJS/TEN
patients[28]. In line with that, an earlier systematic review reported a beneficial but insignifi-
cant clinical effect of IVIG[29]. While in another meta-analysis, the mortality of the high-dose
group (total dose of IVIG > 2 g/kg) was dramatically lower than that of the low-dose group
among adults, however, this downward trend turned into insignificant in multivariate model
[12]. Of note, this study showed the recovery time and the length of hospitalization were
shorter in pediatric group compared with adult group[12].

Since other potentially protective therapies, such as corticosteroid[30], are often used con-
comitantly in clinical practice, the true impact of IVIG on SJS/TEN cases may be influenced. It
is important to evaluate the differences between the solo and the combined regimen to facili-
tate clinicians to make optimized decisions. To examine whether IVIG alone or IVIG-cortico-
steroid combined therapy could accelerate the improvement of SJS/TEN, we reviewed studies
that compared the time to recover in treated individuals against their counterparts. We also
investigated whether IVIG therapy could reduce the mortality by combining studies that com-
pared the actual mortality in treated cases against the expected death rate estimated from
SCORTEN system.

Materials and Methods
Establishment of eligible criteria

There were no restrictions of age, sex and ethnicity. Two types of studies were included and
analyzed separately as follow. On one hand, case-control studies that explored the effect of
IVIG on the improvements of SJS/TEN patients were selected. Since most of these studies
recruited individuals treated with the combination of IVIG and corticosteroid as case group
and steroid applied cases as control group, only this kind of studies were selected. In addition,
steroid therapy is widely used as a standard way to heal SJS/TEN[30], so it was reasonable to
set it as a baseline and investigate the additive protective effect of IVIG. Two common vari-
ables, the time to arrest progression and the hospitalization length, were utilized to measure
the improvements of patients. A small part of studies that reported the time of progression
arrest by describing when fever control[9], skin healing[31] and re-epithelialization[32]
occurred were also included, because these descriptions were supposed to reflect to what mag-
nitude did IVIG treatment accelerate the improvement.

On the other hand, trails about SMR comparison between treated group and internal con-
trol group were accumulated. However, some of these were excluded for the studies contained
less than five patients or did not observe a death patient, which made SMR calculation impos-
sible. No restriction of treatment pattern was imposed. The remaining articles usually recorded
total case numbers, SCORTEN scores upon admission and actual death numbers. Accordingly,
expected mortality and SMR calculations could be given.

Search of electronic databases

Literature search was conducted on PubMed, Web of Science, Cochrane Library, China Biol-
ogy Medicine (CBM) disc, WanFang Database (Chinese) and Chinese National Knowledge
Infrastructure (CNKI). The following key words or their equivalent Chinese terms were used
to find all relative records: Stevens-Johnson syndrome, SJS, toxic epidermal necrolysis, TEN,
immunoglobulin, intravenous immunoglobulin and IVIG. The period of literature search was
from 1966 to Oct 2015. Reports were firstly screened according to titles and abstracts. The
remaining trials were examined carefully by criterion and eligible ones were included.
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Extraction of data

Two reviewers read the included studies and extracted the following variables independently:
first author, publication year, country, age (median, range), sex ratio (F/M), diagnosis (SJS,
SJS/TEN overlap or TEN), detailed regimen, numbers of patients treated with different ways,
time to arrest progression (days, mean + SD), time to stay at hospital (days, mean * SD), pre-
dicted mortality, actual mortality and SMR with 95% confidence interval (95% CI). Any dis-
agreement was resolved by further consensus.

Statistical analyses

The between-study heterogeneity was assessed by Q-statistic[33]. It was measured by I value,
indicating the percent of the total variance across studies due to heterogeneity rather by
chance. Heterogeneity was classified as high, medium and low when I? > 50%, 25% < I’ <
50% or I? < 25%, respectively[34]. The sources of inconsistencies within studies were investi-
gated by meta-regression model. If no heterogeneity existed, quantitative data were pooled by
Mantel-Haenszel’s method in fixed effect model, otherwise they were accumulated by Dersi-
monian and Laird method in random effect model[35]. Likewise, SMRs were also pooled in
either random or fixed model dependent on whether the heterogeneity existed or not. Publica-
tion bias was assessed by the symmetry of funnel plot visually and by Egger’s linear regression
test statistically[33]. Subgroup analyses were carried out to address whether the overall effect
varied across different groups. Sensitivity analysis was performed to check the stability and
reliability of pooled results by omitting each individual study. All statistical analyses were con-
ducted by Stata 9.0 (Stata Crop LP, College station, TX). All P values were two-sided and iden-
tified as significant if less than 0.05.

Results
Eligible study selection

A total of 959 citations were retrieved according to the key words in the electronic databases.
After dropping 615 duplicates, 344 records were left and scanned for titles and abstracts,
which caused 226 irrelative citations removed. The remaining 118 articles were carefully exam-
ined according to eligible criteria and 92 of them were discarded for reasons showing in Fig 1,
thus total 26 articles were ultimately included for analyses, in which 11 studies reported the
recovery time, 11 studies reported SMR and 4 studies reported the both information.

Study characteristics

Total 15 studies observed either cessation time or hospitalization length[9, 25-27, 31, 32, 36—
44]. Of these, 3 studies recruited patients with SJS only[9, 36, 37], 5 studies chose TEN patients
only[26, 31, 38-40] and 7 studies imposed no restrictions about patients recruitment[25, 27,
32, 41-44]. There were 628 individuals included in the analysis, which contained 317 controls
applied with steroid only and 311 cases treated by combination of IVIG and corticosteroid.
The exact regimen was summarized in Table 1. Ages varied with a range from below 1 to
above 90. Most of these studies used median and range to describe them, however, a few arti-
cles[25, 40, 44] reported ages using mean and SD. With regards to sex ratio, it seemed to have
a female predominance among SJS/TEN patients. Unfortunately, some studies[41-43]
reported neither ages nor sex distributions clearly. (Table 1).

There were 17 studies investigated the effect of IVIG on SMR reduction[10, 11, 25-27, 31,
40, 43, 45-53]. Of these, 9 selected TEN patients[26, 31, 40, 45-50] and 8 recruited patients
without restriction[10, 11, 25, 27, 43, 51-53], which accumulated 361 cases treated by IVIG
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Total 820 records were retrieved Total 139 records were retrieved
from English databases: from Chinese databases:

1. PubMed n=203 1. CBM n=53

2. Web of Science n=441 2. CNKI n=28

3. Cochrane Library n=176 3. WanFang database n=58

I |
550 duplicate records were 65 duplicate records were removed
removed from English databases from Chinese databases
A

344 records were scanned according to
titles and abstracts

226 irrelative records were
removed

118 articles were evaluated according to
inclusion criteria

92 articles were removed for reasons below:
1. case report, commentary or review n=45

. ineligible study design n=23

. ineligible treatment n=3

. not all cases were SJS or TEN n=3

. detailed data not given n=18

A
26 articles were included in this analysis:

1. report time to heal or to stay in hospital n=11

2. report SMR of IVIG treatment n=11

3. report both information n-4

LV SU P )

Fig 1. Flow diagram of eligible studies selection.
doi:10.1371/journal.pone.0167120.9001

within this analysis. In terms of therapy, 167 patients were given solo IVIG treatment[10, 11,
46, 47, 49-52], 189 patients were treated with combination of IVIG and steroid[25-27, 31, 40,
43,45, 53], and 5 patients were treated with IVIG and plasmapheresis[48]. Some articles also
reported the time to recover or in hospital with no control to compare with[50, 52, 53].
(Table 2)

IVIG treatment significantly accelerated the improvement of SUS/TEN
patients

In general, IVIG combined with corticosteroid therapy markedly reduced the cessation time
against steroid therapy by 1.63 (95% CI: 0.83-2.43, P < 0.001) days (Fig 2A). This result was
proven to be stable by sensitivity analysis (Fig 2E), however major difference between studies
was detected (I = 89.5%, P < 0.001). Therefore we investigated the possible sources of hetero-
geneity by conducting subgroup analyses. IVIG dose (high dose and low dose), diagnosis (S]JS,
SJS/TEN overlap and TEN), age (children and general population) and area (Asian and non-
Asian) were the potential sources of it. In detail, total IVIG dose > 2.0 g/kg was referred as
high dose, others were defined as low dose. Of note, some Chinese studies reported the upper
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limit of IVIG usage was 2.0 g/kg[41, 42, 44], which indicated a routine low dose administration
and were classified as low dose subgroup. Additionally, Asian group was categorized as Chi-
nese, Singaporean, Korean and Indian populations. The remaining studies on American,
French, Italian, British and Serbian populations were classified as non-Asian group.

Subgroup analyses indicated the benefit of IVIG combined with corticosteroid therapy was
restricted to general population (against children), TEN patients and Asian population (Fig
2B, 2C and 2D). Besides, this favorable effect was significant regardless of IVIG dosage (Fig
2A). However, difference within studies still existed in all subgroups except for analysis strati-
fied by area, in which heterogeneity was disappeared in non-Asian subgroup (I = 0.0%,

P =0.73). But in non-Asian subgroup, it was demonstrated that the combination treatment
had the trend to prolong the time. In order to confirm that area was the source of inconsis-
tency, we conducted a meta regression analysis and chose area, publication year, diagnosis,
IVIG dose and age as covariates. As a result, only regional factor had an great influence on
consistency within studies (¢ = 3.53, P = 0.01) (Table 3).

With respect to the length of admission for SJS/TEN patients, the overall effect of combina-
tion therapy could shorten by 3.19 days (95% CI: 0.08-6.30, P = 0.045) against steroid only
(Fig 3A). Unfortunately, this result was not reliable according to sensitivity analysis (Fig 3E).
Removal of 9 studies[25-27, 36, 38, 40-43] would reverse the significant overall effect to insig-
nificant one. Of note, these 9 studies were all from Asia. Furthermore, the pooled outcome
of non-Asian group showed that combined regimen prolonged hospitalization length (5.43
(95% CI:2.93-7.94, P < 0.001)) (Fig 3D). In terms of heterogeneity detection, remarkable
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Fig 2. Analysis and assessment of the effect of combination therapy on SJS/TEN recovery. A: forest plot of the impact of combined therapy stratified by
IVIG dose; B: forest plot of the impact of combined therapy stratified by diagnosis; C: forest plot of the impact of combined therapy stratified by age; D: forest
plot of the impact of combined therapy stratified by area; E: sensitivity analysis to check the reliability of the pooled result.

doi:10.1371/journal.pone.0167120.9002
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Table 3. Meta regression analysis: the effect of potential covariables on arrest of progression

Variables*

Regression coefficient

Standard error

95% CI

t

P

Area

3.72

1.05

1.23-6.21

3.53

0.010

Publication year

0.02

0.18

-0.42-0.45

0.11

0.918

Age

-0.65

1.57

-4.35-3.05

-0.42

0.689

IVIG dose

-1.92

1.14

-4.62-0.79

-1.68

0.138

Diagnosis

-0.48

0.77

-2.30-1.34

-0.62

0.552

*String variables were converted into numeric values by the following rules: Area: 1 Asian, 2 on-Asian; age:
1 children, 2 general population; IVIG dose: 1 low dose, 2 high dose; Diagnosis: 1 SJS, 2 mix of SJS and

TEN, 3TEN.

doi:10.1371/journal.pone.0167120.t003

inconsistencies within studies were found in overall analysis (P =90.2%, P < 0.001) and in all
subgroups except non-Asian population (I° = 0.0%, P = 0.74). Similarly, we employed meta
regression model and certified area was the source of the inconsistency (¢ = 3.84, P = 0.005).

(Table 4).

IVIG treatment had a trend to reduce mortality among SJS/TEN patients

As shown in Fig 4, IVIG therapy reduced the mortality by 16%. However, this outcome was
not statistically significant (95% CI: 0.66-1.08, P = 0.178). No heterogeneity was found (I° =
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Fig 3. Analysis and assessment of the effect of combination therapy on SUS/TEN admission length. A: forest plot of the impact of combined therapy
stratified by IVIG dose; B: forest plot of the impact of combined therapy stratified by diagnosis; C: forest plot of the impact of combined therapy stratified by

age; D: forest plot of the impact of combined therapy stratified by area; E: sensitivity analysis to check the reliability of the pooled resuilt.

doi:10.1371/journal.pone.0167120.9003
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Table 4. Meta regression analysis: the effect of potential covariables on hospitalization length.

Variables*

Regression coefficient

Standard error

95% CI

t

P

Area

11.79

3.07

4.71-18.87

3.84

0.005

Publication year

1.13

0.73

-0.57-2.82

1.53

0.165

Age 1.78 5.28 -10.38-13.95 0.34 0.744
IVIG dose -1.03 1.98 -5.61-3.54 -0.52 0.617
Diagnosis 2.01 2.09 -2.81-6.84 0.96 0.364

*String variables were converted into numeric values by the following rules: Area: 1 Asian, 2 non-Asian; age:
1 children, 2 general population; IVIG dose: 1 low dose, 2 high dose; Diagnosis: 1 SJS, 2 mix of SJS and

TEN, 3TEN.

doi:10.1371/journal.pone.0167120.t004

0.0%, P = 0.539). In order to investigate if the benefit of IVIG administration was restricted to
certain subgroups, we stratified included studies by area, regimen, IVIG dose and diagnosis.
Generally, no sub-analyses demonstrated results that were statistically significant. Of note, it
seemed that IVIG treatment would have a greater effect on patients with TEN since it reduced
the mortality by 32% (95% CI: 0.45-1.01, P = 0.06) (Fig 4D). Despite that, other subgroup
analyses also showed possibly favorable outcomes that were slightly inferior to the effect on
TEN patients. As results, high IVIG dose administration lowered the mortality by 26% (95%
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Fig 4. Analysis and assessment of the effect of IVIG therapy on SJS/TEN SMR. A: forest plot of the impact of IVIG therapy stratified by different areas; B:
forest plot of the impact of IVIG therapy stratified by different therapeutic patterns; C: forest plot of the impact of IVIG therapy stratified by IVIG dose; D: forest
plot of the impact of combined therapy stratified by diagnosis; E: sensitivity analysis to check the reliability of the pooled results.

doi:10.1371/journal.pone.0167120.9g004
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CI: 0.50-1.08, P = 0.116), and low dose only lowered it by 13% (95% CI: 0.50-1.49, P = 0.608)
(Fig 4C). In addition, combination of IVIG and steroid reduced mortality by 26% (95% CI:
0.51-1.08, P = 0.118), while solo IVIG usage decreased it by 4% (95% CI: 0.69-1.35, P = 0.819)
(Fig 4B). Besides, IVIG decreased mortality by 22% and 6% in Asian (95% CI: 0.56-1.08,

P =0.134) and non-Asian cases (95% CI: 0.64-1.36, P = 0.736), respectively (Fig 4A).

Detection of publication bias

The graphic asymmetry of funnel plot suggested obvious publication bias existed in three anal-
yses above (Fig 5). The asymmetries were measured by Egger’s linear regression and a signifi-
cant bias was detected in analysis about the effect of IVIG on accelerating recovery (z = -1.42,
P < 0.001), however, no bias was detected in regional subgroup studies (Asian: z = 0.24,

P =0.856; non-Asian: z = -1.49, P = 0.121)(Fig 5A). Similarly, as illustrated in Fig 5B, publica-
tion bias was found in overall study (z = -0.89, P = 0.031), but not in stratified investigations
(Asian: z = 0.93, P = 0.285; non-Asian: z = -1.51, P = 0.195). Remarkable bias was also detected
in terms of the study on SMR (z = -1.42, P < 0.001) (Fig 5C), while in low dose subgroup, pub-
lication bias disappeared (z = -1.49, P = 0.121).

Discussion

SJS and TEN are the same type of adverse drug hypersensitivity with different extents of skin
lesion[1, 2]. It is well established that drug specific T cell is a principal contributor to the patho-
genesis of this disease. The biologic process is majorly mediated by activated cytotoxic T lym-
phocytes (CD8" T cells in most cases) via generating FasL or perforin/granzyme and resulting
in keratinocytes death. In addition, activated CD4" T cells also participate in this by disrupting
cytokine production[2]. Despite cutaneous lesion, sepsis and other organ involvements also
occur among many SJS/TEN patients, which causes worse prognoses[54]. Although the mech-
anism of these co-morbidities are not fully elucidated, there is a strong possibility that they are
driven by elicitation of inflammatory pathways[55]. These evidences give us an insight into
treating SJS/TEN by correcting immune dysfunction.

The possible protective effect of IVIG on SJS/TEN patients is substantially attributed to
blockade of FasL. It is well known that SJS/TEN is characterized by massive apoptosis of kerati-
nocyte and increased expression of FasL in serum and epidermis[16]. Viard et al. [16] found
IVIG, which dosage was equivalent to clinical use, could completely inhibit keratinocyte death
caused by human recombinant FasL in vitro. This protection was mediated by naturally occur-
ring anti-Fas immunoglobulin via neutralizing Fas receptor[16]. In addition, some findings
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Fig 5. Detection of publication bias by evaluating the symmetry of funnel plot. A: funnel plot test on studies regarding the impact of combined therapy
on SJS/TEN recovery; B: funnel plot test on studies regarding the impact of combined therapy on the time to stay in hospital; C: funnel plot test on studies
regarding the impact of IVIG therapy on SUS/TEN mortality.

doi:10.1371/journal.pone.0167120.g005
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are helpful complements on pathological mechanism, revealing that IVIG is capable to sup-
press type IV hypersensitivity and vital cytotoxic markers production. Meanwhile, it has been
demonstrated that IVIG treatment decreases the number of NK cells in peripheral blood and
the releasing of granzyme B into plasma[24].

We explore whether IVIG, a common immune modulator, could heal SJS/TEN. Overall,
there is a cluster of reliable evidences show beneficial roles of IVIG on the improvement of
SJS/TEN patients. Firstly, the combination of IVIG and corticosteroid reduced cessation time
significantly (by 1.63 days). Moreover, this favorable effect became stronger among Asian or
TEN patients (reduced time by 2.19 or 2.56 days, respectively). Meanwhile, high dose IVIG
administration (total dose > 2 g/kg) could slightly strengthen this protection (reduced time by
1.78 days). Heterogeneity was detected in overall analysis and we tried to identify the source of
heterogeneity by stratified analysis. In non-Asian subgroup, no heterogeneity within studies
was found, whereas heterogeneity still persisted within Asian subgroup, suggesting that
regional factor was likely to be one of the sources. This proposal was further validated by meta-
regression analysis. Secondly, the combination of IVIG and corticosteroid decreased the hospi-
talization length by 3.19 days in general, although this result was not reliable due to the fact of
an unstable outcome in sensitivity analysis. Besides, subgroup analysis indicated that findings
of Asian and non-Asian groups were completely opposite, showing a favorable effect among
Asian and a detrimental effect among non-Asian.

The difference within studies is possibly caused by reporting bias, since among studies from
China, there was higher proportion of positive results reported. 75% (6/8) of the included Chi-
nese studies described the combination regimen accelerated the recovery time. Despite that,
geographical diversity may bring other issues, for example, the severity of hospitalized cases
may vary across areas. It is common that doctors from Asian countries, for instance China,
treat each SJS/TEN case with combined therapy. Whereas, this regimen seems to be restricted
to individuals who suffer from more severe illness in non-Asian countries, because 85.7% (6/7)
of the non-Asian studies recruited only TEN patients. According to SCORTEN system, the
expected mortality of SJS patients with score 1 is 3.2%, and the rate of TEN patients with score
of 5 sharply rises to 90%[5]. Therefore, severe patients, who are more likely to be recruited in
non-Asian studies, are expected to have worse prognoses, although combined treatment is
applied. This proposal may explain why three studies conducted from non-Asian countries [9,
31, 32] consistently reported longer cessation time and admission length.

Given the rarity of SJS/TEN, the majority of the published articles investigating the effect of
IVIG on SJS/TEN associated sequelae are conflicting retrospective case reports or series.
Therefore, evidence-based recommendations are difficult to generate. In terms of ocular com-
plications of SJS/TEN, it is indicated that the application of IVIG during the acute phase did
not appear to diminish the severity of ocular complications (n = 43)[56]. Similarly, a series of 8
TEN patients treated with IVIG at 2 g/kg over 2 days did not show better effect than a histori-
cal control group (n = 18)[57]. In contrast, A beneficial effect was observed among those who
were given IVIG within 6 days of disease onset[58]. In terms of SJS/TEN associated respiratory
disorders, relevant studies are limited. Furthermore, no special attention is paid to the effect of
IVIG or other systemic therapies in most of these studies. On the contrary, the distribution of
IVIG application among SJS/TEN patients requiring mechanical ventilation or not was
described[59]. Likewise, another study reported the distribution of cyclosporine treatment
among delayed pulmonary dysfunction patients with and without diffusion impairment[60].
A Japanese patient with SJS developed progressive dyspnea attacks after administration of
betamethasone over one month. Although treated with corticosteroid, the patient died one
year and seven months later because of the ultimate obliterative bronchitis[61]. Overall, pub-
lished data provide few but controversial evidence for the effect of IVIG or other systemic
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therapies on SJS/TEN associated sequelae. Thus, no clear guidelines are generated and more
investigations are warranted.

As mentioned above, sepsis and liver injury are the most common life-threatening compli-
cations of SJS/TEN[49]. Recent infection or concomitant hepatic dysfunction could increase
the risk of death by as high as 2 folds for SJS/TEN patients[62]. Clinically, IVIG is capable to
attenuate sepsis and immunological liver injury[63, 64]. In vitro, protective effect of IVIG is
observed in liver and immune cells[16]. So intervention of serious complication by IVIG could
be a theoretically plausible way to reduce the mortality. We investigated whether IVIG could
improve survival by data synthesis. As predicted, pooled outcome suggested a favorable but
statistically insignificant effect (SMR: 0.84, 95% CI: 0.66-1.08, P = 0.178). Since corticosteroid
application might be a confounding factor, we stratified the studies based on the prescription.
Results showed that combination therapy trended to reduce mortality by 26%, which was
more profound than the potential effect of solo IVIG therapy (reduced mortality by 4%). This
indicated steroid was crucial and should be taken into account when evaluating the effect of
IVIG therapy. In addition, we found high dose IVIG administration (total dose > 2g/kg) was
likely to be more beneficial (SMR: 0.74, 95% CI: 0.50-1.08, P = 0.116). These statistically insig-
nificant outcomes are supported by the National Institute for Health and Care Excellence
(NICE) accredited review of the acute management of TEN published in 2016[65] which care-
fully reviewed the available data and considered that there was no conclusive evidence to make
specific recommendations for or against IVIG application. Therefore, the group considered
that IVIG should be practiced under the supervision of a specialist in a skin failure multidisci-
plinary team in the context of a clinical study or a case registry.

The results in this meta-analysis should be interpreted with caution for some limitations.
First, heterogeneities and publication biases were detected. This is usually caused by reporting
bias since positive outcomes are more likely to be published, especially for Asian studies. In the
analyses investigating IVIG on SJS/TEN improvement, we found that 72.7% (8/11) of the Chi-
nese studies reported positive outcomes, whereas 0 (0/4) of the non-Chinese studies reported
positive outcomes. In terms of heterogeneity, we identified the source of it as area by subgroup
analyses and meta regression and it disappeared in non-Asian group. Similarly, we controlled
the publication bias by regional stratification. Second, we failed to evaluate the effects of solo
IVIG treatment on recovery and hospitalization due to limitations of wanted reports. For
example, few trails chose supportive therapy as control to estimate the effect of solo IVIG ther-
apy. As we all known, solo IVIG treatment is routinely used in many western countries, so
more high quality random controlled trails are further needed. Likewise, we were unable to
identify if there was an additive or synergistic interaction between IVIG and corticosteroid by
assessing to what extent corticosteroid application made a contribution to the impact of com-
bination therapy on SMR. Third, we excluded studies on SMR with no mortality in the treat-
ment group and the pooled result might underestimate the treatment effect consequently. So it
is still promising to reduce death by using high dose IVIG among Asian population, since the
results from these two sub-analyses were marginally insignificant.

In conclusion, IVIG combined with corticosteroid treatment shortens the recovery time of
SJS/TEN patients. The effect is greater among Asian individuals. Furthermore, IVIG therapy is
likely to reduce mortality of this disease. However, this outcome needs more high-quality stud-
ies to be confirmed.
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