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Introduction
Stevens-Johnson syndrome (SJS) and its related disease, toxic 

epidermal necrolysis (TEN), are severe cutaneous adverse reac-

tions (SCARs) involving keratinocyte apoptosis and detachment 

of the epidermis. Allopurinol and carbamazepine are the most 

common causes of SCARs in different ethnic groups, includ-

ing Asians and Europeans (1–3). SJS and TEN are considered 

to be on the same disease spectrum, with the difference being 

in the extent of epidermal detachment. Patients with SJS have 

less than 10% body surface area (BSA) epidermal detachment, 

while patients with TEN have more than 30% BSA epidermal 

detachment. The 10%–30% epidermal detachment is defined 

as the SJS-TEN overlap (1, 4). Both SJS and TEN patients often 

have mucocutaneous eruptions, and oral mucosa is one of most 

commonly affected areas. Although SJS and TEN are rare (0.4~6 

cases per million persons per year), they are highly lethal disor-

ders, with mortality rates as high as approximately 5% to 12.5% 

for SJS and 50% for TEN (1, 5).
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losing spondylitis, juvenile rheumatoid arthritis, plaque psoriasis, 

and psoriatic arthritis, its use in treating CTL-mediated SCARs has 

not yet been approved (37). We aimed to evaluate the efficacy and 

safety of etanercept for CTL-mediated SCARs treatment in this  

randomized trial and further investigate the therapeutic mecha-

nism of etanercept in CTL-mediated SCARs.

Results
Preclinical testing of etanercept: ex vivo testing for potential inhibitors 

in cytotoxic blister cells from patients with CTL-mediated SCARs. We 

previously identified granulysin as a key mediator for disseminated 

keratinocyte death in patients with SJS-TEN (12), and TNF-α has 

been found to act as a potential inducer of keratinocyte apoptosis in 

TEN (20, 21). To evaluate the immunosuppressive effects of etaner-

cept (a TNF-α antagonist) in comparison with those of other tradi-

tional medications (such as cyclosporine, IVIG, and corticosteroid), 

we first performed ex vivo testing in blister cells from 10 patients 

with  SJS-TEN enrolled in our study from 2007 to 2009. The main 

immunophenotypes of the cells present in the blister fluids from 

these patients were composed of CD3+CD8+ CTL subset (51.57% ± 

5.00%) and CD8+CD56+ NKT cells (20.97% ± 2.73%) (Supplemental 

Figure 1 and Supplemental Table 1; supplemental material available 

online with this article; https://doi.org/10.1172/JCI93349DS1). Our 

results showed that treatment with etanercept for 48 hours signifi-

cantly reduced the secretion of granulysin (Figure 1A; 44.4% ± 3.1% 

decrease; P < 0.001, by Student’s t test) and TNF-α (Figure 1B; 35.4% 

± 1.6% decrease; P < 0.001). Furthermore, treatment with cortico-

steroids showed a significant reduction in granulysin and TNF-α  

levels; however, no obvious effect on the incubation of cyclosporine 

or IVIG was observed (Figure 1, A and B). These results indicated 

that etanercept was capable of inhibiting granulysin and TNF-α 

secretion in blister cells from patients with CTL-mediated SCARs.

Clinical trial participants. For the clinical trial, we recruited 96 

participants from 2009 to 2015. A detailed study profile is shown 

in Figure 2. We determined whether the enrolled participants had 

SJS-TEN using the Registry of Severe Cutaneous Adverse Reac-

Over the past 2 decades, studies have shown that the 

pathomechanism of SJS-TEN is associated with the effector cyto-

toxic T lymphocytes (CTLs) that recognize culprit drugs presented 

by HLA class I molecules on keratinocytes (6–9). The hypothesis 

is not only supported by genetic studies (e.g., the strong genetic 

association between HLA-B*15:02 and carbamazepine–SJS-TEN 

[ref. 6]; HLA-B*58:01 and allopurinol-induced SJS-TEN [ref. 

7]), but also by functional studies (8, 10, 11). We have previously 

identified secretory granulysin as a key mediator that leads to 

disseminated keratinocyte apoptosis and detachment of the epi-

dermis and mucous membranes in SJS-TEN (12, 13). Granulysin 

is known to be generated by CTLs, NK cells, and NKT cells and 

released into the extracellular environment along with other cyto-

toxic mediators (such as soluble FasL, granzyme B, and perforin) 

(12, 14–16). In addition, several studies have reported that TNF-α, 

a proinflammatory cytokine released by activated ke ratinocytes 

and macrophages (17), is present in the plasma and blister fluids of  

SJS-TEN patients (18, 19) and appears to serve as a potential 

inducer of keratinocyte apoptosis in SJS-TEN (20, 21).

So far, an optimal treatment guideline for CTL-mediated SCARs 

is still lacking. Systemic corticosteroids (22), intravenous immuno-

globulin (IVIG) (23), and cyclosporine (24) are often used to treat 

CTL-mediated SCARs; however, the clinical outcomes of these 

therapies remain controversial (25, 26). Recently, several studies 

revealed that treatment with anti–TNF-α biologic agents appeared 

beneficial in patients with TEN and TEN-like acute cutaneous lupus 

erythematosus (17, 27–36). However, all of these studies were based 

on case reports and lacked a randomized, systematic trial design 

compared with traditional therapy studies. Here, we conducted a 

prospective, open-label, randomized comparison study of etaner-

cept versus corticosteroids for the treatment of patients with SJS-

TEN. Etanercept (Enbrel) is a chimeric monoclonal antibody engi-

neered by fusing the extracellular-binding domain of human TNF 

receptor 2 (TNFR2, also known as p75)  to act as a TNF-α antagonist. 

Although the US FDA has approved the use of etanercept for treat-

ing autoimmune diseases, including rheumatoid arthritis, anky-

Figure 1. Preclinical testing of etanercept. Release of granulysin (A) and TNF-α (B) was measured by ex vivo assay in blister cells from SJS-TEN patients  

(n = 10). Blister cells were treated with DMSO (Control), 5 μg/ml etanercept, 400 ng/ml cyclosporine, 12 mg/ml IVIG, or 10 μg/ml corticosteroid for 48 hours. 

All drug concentrations were determined by clinical use. Data are presented as the mean ± SEM and are representative of 3 independent experiments.  

**P < 0.01 and ***P < 0.001, by Student’s t test; †P = 0.003, by Student’s t test.
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participants were also registered in the RegiSCAR 

database and were subsequently evaluated during the 

biannual RegiSCAR meeting (subjects S029, S030, 

S032, S071, S077, etc.; Supplemental Table 4). These 

participants, sent for a second evaluation during the 

RegiSCAR meeting, were independent of this clinical 

trial and were all determined to have SJS-TEN. Table 

1 lists the demographic and clinical characteristics of 

the trial participants identified as having SJS-TEN. 

Baseline age, sex, skin detachment, mucosal involve-

ment, and clinical laboratory measurements were 

similar between the etanercept- and corticosteroid-

treated groups (Table 1). A total of 71 participants com-

pleted the study: 38 and 33 participants were treated 

with etanercept and corticosteroids, respectively (Fig-

ure 2). Data on the participants who did not complete 

the study are reported in Supplemental Table 3.

Clinical improvement in CTL-mediated SCAR 

patients treated with etanercept. The primary monitor-

ing parameters of the clinical endpoints were analyzed 

according to the time required for complete skin and 

oral mucosa healing and the time at which the reepi-

thelialization of the denuded area commenced. The 

curves for these results are shown in Figure 3. All mon-

itoring parameters in the total number of SJS-TEN 

patients did not show a significant difference between 

these 2 treatment groups (Figure 3, A–C). We then 

evaluated the efficacy of etanercept and corticoste-

roid treatment of SJS-TEN patients with moderate or 

severe skin lesions (BSA detachment ≥10%), and the 

results are shown in Figure 3, D–F. We found that the 

amount of time needed for complete skin healing (Fig-

ure 3D) in patients with 10% or greater BSA detach-

ment was significantly shorter in the etanercept- 

treated group than in the corticosteroid-treated group 

(P = 0.010, by Kaplan-Meier analysis). The median 

time for skin healing in patients with 10% or greater BSA detach-

ment was 14 days and 19 days (Figure 3D), respectively, for the 

etanercept and corticosteroid treatment groups. Furthermore, 

clinical photographs of study participants revealed that the skin 

lesions became drier with less rash in some patents treated with 

etanercept compared with the lesions of patients treated with a 

corticosteroid. (Figure 3G, shows 2 participants).

Assessment of mortality rates with etanercept and corticosteroid 

treatment. In this clinical trial, the secondary monitoring parame-

ters were the evaluation of vital signs and adverse events. To evalu-

ate survival rates, we first used the score of toxic epidermal necrol-

ysis (SCORTEN), a severity-of-illness score to assess the severity 

and predict the mortality of SJS-TEN (38) (Supplemental Table 5). 

Patients in the etanercept treatment group had a mean SCORTEN 

of 1.85, while patients in the corticosteroid treatment group had a 

mean SCORTEN of 1.95 (Tables 2 and 3). We observed no statisti-

cal difference between the scores of these 2 groups (P = 0.722). The 

SCORTEN-predicted mortality rates for the etanercept and corti-

costeroid groups were 17.7% and 20.3%, respectively (Tables 2 and 

3, and Supplemental Table 6). During the etanercept or corticoste-

roid treatment period, 11 patients died, 4 of whom had received 

tions (RegiSCAR) criteria (Supplemental Table 2) and histopatho-

logical analyses. The diagnostic evaluation was further supported 

by laboratory analyses of blister granulysin levels, indirect immu-

nofluorescence (IIF), and direct immunofluorescence (DIF) to 

exclude other autoimmune bullous diseases. The detailed flow 

chart for determining whether the enrolled participants had SJS-

TEN is shown in Supplemental Figure 2. Among these partici-

pants, 3 failed the screening (CD4 count <200 cells/mm3) and 2 

had changes in their diagnosis (Figure 2 and Supplemental Table 

3). A total of 91 participants were validated as SJS-TEN cases 

(Table 1). Seventy-eight of the ninety-one participants had skin 

biopsies that showed consistent pathological findings (partial epi-

dermal necrosis, mass dyskeratosis, detached epidermis, and full-

thickness epidermal necrosis) of SJS-TEN (details are provided 

in Supplemental Table 4 and Supplemental Figure 3). Thirteen of 

the enrolled participants did not undergo skin biopsies; however, 

they were considered probable SJS-TEN cases on the basis of the  

RegiSCAR criteria, with typical clinical presentations (muco-

sal involvement with disseminated atypical target or blistering 

lesions) and negative results for IIF or positive results for granu-

lysin levels to support the diagnosis (Supplemental Table 4). Some 

Table 1. Demographic and baseline clinical characteristics of the trial 

participants

All Etanercept CorticosteroidA

Characteristic (n = 91) (n = 48) (n = 43) P value
Age, years, mean ± SD 56.09 ± 20.81 52.73 ± 16.78 59.84 ± 24.20 0.112B 

Sex, n (%) 0.658C 

    Male 40 (44.0) 20 (41.7) 20 (46.5)

    Female 51 (56.0) 28 (58.3) 23 (53.5)

Skin detachment, n (%) 0.858C

    BSA ≥10% 35 (38.5) 18 (37.5) 17 (39.5)

    BSA <10% 56 (61.5) 30 (62.5) 26 (60.5)

Number of sites with  
mucous erosion, n (%)

0.663D 

    One 21 (22.8) 12 (25.0)  9 (20.9)

    Two 28 (30.8) 16 (33.3) 12 (27.9)

    Three 42 (46.2) 20 (41.7) 22 (51.2)

Blister/erosion, n (%) 0.266C 

    – 11 (12.1) 4 (8.3)  7 (16.3)

    + 80 (87.9) 44 (91.7) 36 (83.7)

Fever (>38°C), n (%) 0.419C 

    No 34 (37.4) 16 (33.3) 18 (41.9)

    Yes 57 (62.6) 32 (66.7) 25 (58.1)

History of malignancy, n (%) 0.967C 

    No 78 (85.7) 41 (85.4) 37 (86.0)

    Yes 13 (14.3)  7 (14.6)  6 (14.0)

Heart rate, /min, mean ± SD 93.41 ± 15.68 95.33 ± 16.52 91.23 ± 13.75 0.200B

BUN, mg/dl, mean ± SD 26.03 ± 29.1 20.38 ± 18.33 32.33 ± 36.57 0.057B 

HCO3–, mEq/l, mean ± SD 22.74 ± 4.08 23.09 ± 4.25 22.34 ± 3.84 0.373B 

Glucose, mg/dl, mean ± SD 145.29 ± 76.53 137.6 ± 73.59 153.86 ± 78.56 0.313B 

GOT, KU/ml, mean ± SD 62.44 ± 87.63 56.63 ± 72.65 69.24 ± 101.30 0.508B 

GPT, KU/ml, mean ± SD 59.38 ± 78.78 55.67 ± 78.02 63.53 ± 79.07 0.635B 

Eosinophil counts, %, mean ± SD 2.73 ± 3.46 2.37 ± 2.72 3.16 ± 4.11 0.299B

AReference group. BP value was calculated by Student’s t test. CP value was calculated by 

unconditional z-pooled test. DP value was calculated by χ2 test. 
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dylitis, psoriasis, and psoriatic arthritis 

(37). We further evaluated the incidence 

of adverse events and serious adverse 

events in this trial and determined that 

there were 6 serious adverse events in 5 

subjects in the etanercept group and 12 

serious adverse events in 9 subjects in 

the corticosteroid group (Table 5). These 

serious adverse effects included sepsis, 

respiratory failure, upper gastrointesti-

nal (GI) hemorrhage (grade 3), bipolar 

disorder, stridor, and vocal cord palsy. 

Among these serious adverse events, 1 

upper GI hemorrhage (grade 3) event in 1 

subject (S054) was considered to be pos-

sibly related to corticosteroid use; other 

events were considered not to be related 

to etanercept or corticosteroid treatment. 

The adverse events that occurred in the treatment groups are also 

shown in Table 5 and included hypertension, hyperglycemia, and 

GI hemorrhage (grade 2). Of these adverse events, there was a 

significantly lower incidence of GI hemorrhage (grade 2) (Table 

6) in total SJS-TEN patients treated with etanercept than in those  

treated with corticosteroids. The incidence rate was 2.6% in the  

etanercept group and 18.2% in the corticosteroid group (P = 0.030,  

by unconditional z-pooled test) (Table 6). We observed no statis-

tical difference between the 2 treatment groups in the incidence 

rates of other adverse events. Since this trial had a limited sample 

size, further study will be needed to provide a full safety assess-

ment of etanercept use in SJS-TEN patients.

Assessment of mortality rates compared with rates in the retro-

spective supportive care group. We next assessed the mortality rates 

of the etanercept and corticosteroid groups in comparison with 

our retrospective database of CTL-mediated SCAR patients who 

received supportive care from 2001 to 2008, before the clinical 

trial at the same hospital system (Table 7). The analysis revealed 

that the mortality rate for the supportive care group was 26.3%. By 

comparison, the mortality rate of the etanercept treatment group 

etanercept and 7 of whom had received corticosteroid treatment 

(Table 4). Although there was no statistical significance, the mor-

tality rate for the etanercept treatment group was lower than that 

of the corticosteroid treatment group (8.3% vs. 16.3%, P = 0.266) 

(Table 4). The causes of death for these participants are listed in 

Table 5 and Supplemental Table 3. The SCORTENs of the deceased 

participants are shown in Table 5. All 4 deceased participants in the 

etanercept treatment group were TEN patients with a SCORTEN 

of 4. However, in the corticosteroid treatment group, 2 of the 

deceased patients had a SCORTEN of 3, and 5 of the deceased par-

ticipants had a SCORTEN 4 or higher.

Safety evaluation of etanercept in CTL-mediated SCAR patients. 

We used 25 or 50 mg (>65 kg) etanercept subcutaneously twice a 

week for SJS-TEN treatment, as this regimen is well established 

for the safe treatment of rheumatoid arthritis, ankylosing spon-

Table 2. SCORTEN for patients with CTL-mediated SCARs in the 

etanercept and corticosteroid treatment groups

Etanercept Corticosteroid

n % n % 
SCORTEN 0 5 10.4 3 7.0

SCORTEN 1 18 37.5 19 44.2

SCORTEN 2 11 22.9 8 18.6

SCORTEN 3 9 18.8 5 11.6

SCORTEN 4 4 8.3 6 14.0

SCORTEN 5 0 0.0 2 4.7

SCORTEN 6 1 2.1 0 0.0

Total  48 100 43 100

Table 3. SCORTEN and predicted mortality rates of patients 

with CTL-mediated SCARs in the etanercept and corticosteroid 

treatment groups

Etanercept Corticosteroid P value
SCORTEN, mean ± SD 1.85 ± 1.29 1.95 ± 1.36 0.722

Predicted mortality, %, mean ± SD 17.7 ± 20.5 20.3 ± 25. 0.722

P value was calculated by Student’s t test. The predicted mortality rates 

were calculated on the basis of SCORTEN.

Figure 2. Flow chart for the selection of study 

participants. Ninety-six participants were 

recruited, among whom 71 completed the study. 

Thirty-eight patients were treated with etaner-

cept and thirty-three patients with a corticoste-

roid. A–GThe group information can be found in 

Supplemental Table 3.
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day-0 baseline levels were reduced by 62.5% (P < 0.001, by Stu-

dent’s t test) and 47.8% (P = 0.014) in the etanercept and cor-

ticosteroid treatment groups, respectively (Figure 4A), whereas 

TNF-α levels were reduced by 50.0% (P < 0.001) and 28.89%  

(P = 0.011) in the etanercept and corticosteroid treatment 

groups, respectively (Figure 4B). Furthermore, we measured the 

expression levels of granulysin and TNF-α in plasma (Figure 4, 

C and D). Plasma granulysin levels were significantly decreased 

from the acute stage (35.5 ± 5.5 ng/ml) to the late stage (15.4 ± 

2.9 ng/ml) in the etanercept group (56.6% decrease; P = 0.004) 

and were significantly decreased in the corticosteroid group 

(acute stage = 38.0 ± 2.9 ng/ml; late stage = 16.8 ± 3.1 ng/ml; 

55.8% decrease; P < 0.001) (Figure 4C). Plasma TNF-α levels 

were lower at the late stage than were levels at the acute stage in 

both the etanercept (acute stage = 38.5 ± 7.3 pg/ml; late stage = 

20.9 ± 3.0 pg/ml; 45.7% decrease; P = 0.037) and corticosteroid 

was significantly lower than that of the supportive care group (P = 

0.026, by unconditional z-pooled test; Table 7). The odds ratio (OR) 

of death for etanercept treatment versus supportive care was 0.25 

(95% CI, 0.07–0.89). However, we detected no statistical difference 

between the corticosteroid treatment and supportive care groups  

(P = 0.280). We further analyzed the risk factors for death in these 

3 treatment groups and found that the mortality rate for the etaner-

cept group was still lower than that of the supportive care group in 

patients aged 40 years or older (OR, 0.21; 95% CI, 0.06–0.75; P = 

0.012) (Table 7 and Table 8). Furthermore, there was no statistical 

difference in the average SCORTEN or in other risk factors among 

the 3 treatment groups (Table 7 and Table 8).

Immunologic effects of etanercept in SJS-TEN patients. The clin-

ical outcome of the time required for skin-healing differed sig-

nificantly between the etanercept and corticosteroid treatment 

groups, especially for moderate-to-severe SJS-TEN patients 

with 10% or more BSA detachment (Figure 3D). Therefore, we 

focused on analyzing the immunologic effects in patients with 

10% BSA or greater detachment. Plasma and blister fluid samples 

were collected from patients with 10% or more BSA detachment 

for the evaluation of granulysin and TNF-α expression. In blister 

fluids, we found that granulysin and TNF-α secretion decreased 

significantly in both treatment groups on day 2 after treatment 

(Figure 4, A and B). Granulysin expression levels relative to  

Table 4. Observed mortality rates for patients with CTL-mediated 

SCARs in the etanercept and corticosteroid treatment groups

Etanercept CorticosteroidA OR      
(95% CI)   

P value

n % n %
Death 4 8.3 7 16.3 0.47 0.266

Survival 44 36 (0.13–1.72)

Total 48 43

AReference group. P values are based on an unconditional z-pooled test.

Table 5. Summary of all serious adverse events experienced by 

subjects in the etanercept and corticosteroid treatment groups

Subject Treatment Serious adverse events SCORTEN Death
S007 Etanercept Sepsis 4 +

S019 Etanercept Respiratory failure 4 +

S029 Etanercept Sepsis, respiratory failure 4 +

S060 Etanercept Bipolar disorder 0 –

S073 Etanercept Respiratory failure 4 +

C010 Corticosteroid Respiratory failure 5 +

S004 Corticosteroid Sepsis, respiratory failure 4 +

S012 Corticosteroid Acute respiratory failure 3 +

S030 Corticosteroid Sepsis, respiratory failure 4 +

S043 Corticosteroid Sepsis 3 +

S054 Corticosteroid Upper GI hemorrhage (grade 3) 1 –

S074 Corticosteroid Sepsis 4 +

S075 Corticosteroid Stridor, vocal cord palsy 2 –

S080 Corticosteroid Respiratory failure 4 +

Table 6. Summary of the adverse events in the etanercept and corticosteroid treatment groups

Characteristic SJS-TEN (n = 71) SJS-TEN BSA ≥10% (n = 22) SJS-TEN BSA <10% (n = 49)

Etanercept                            
(n = 38)

Corticosteroid    
(n = 33)

Etanercept             
(n = 11)

Corticosteroid    
(n = 11)

Etanercept             
(n = 27)

Corticosteroid     
(n = 22)

n % n % P value n % n % P value n % n % P value
Hypertension 0.963 0.671 0.696

    + 6 15.8 5 15.2 1 9.1 2 18.2 5 18.5 3 13.6

    – 32 84.2 28 84.8 10 90.9 9 81.8 22 81.5 19 86.4

Hyperglycemia 0.767 0.682 0.500

    + 8 21.1 8 24.2 3 27.3 2 18.2 5 18.5 6 27.3

    – 30 78.9 25 75.8 8 72.7 9 81.8 22 81.5 16 72.7

GI hemorrhage (grade 2) 0.030A 0.343 0.044A

    + 1 2.6 6 18.2 1 9.1 3 27.3 0 0 3 13.6

    – 37 97.4 27 81.8 10 90.9 8 72.7 27 100 19 86.4

Hypertension is defined as a systolic blood pressure greater than 140 mmHg and a diastolic blood pressure greater than 90 mmHg; hyperglycemia is 

defined as a blood glucose level above 200 mg/dl after a meal. All adverse events were reported during treatment. AStatistically significant P values. All P 

values were determined using an unconditional z-pooled test for each category.
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groups (acute stage = 32.6 ± 2.6 pg/ml; late stage = 24.3 ± 2.3 pg/

ml; 25.5% decrease; P = 0.028) (Figure 4D).

We then measured the effects of CD4+CD25hiFOXP3+ Tregs in 

patients with BSA detachment of 10% or more in both treatment 

groups (Figure 4, E and F). The results revealed that etanercept 

significantly increased the Treg population, which showed mean 

percentages of 2.7% ± 0.5% and 4.8% ± 0.8% at the acute and 

maximum stages, respectively (P = 0.005) and 5.4% ± 0.8% at the 

late stage (P = 0.002 vs. the acute stage) (Figure 4F). In contrast, 

we observed no significant difference in the corticosteroid group 

(acute, maximum, and late stages, 2.4% ± 0.4%, 2.8% ± 0.8%, and 

3.3% ± 0.7%, respectively; all P > 0.05 vs. the acute stage). We also 

detected an increase in the Treg population at the recovery stage 

in the etanercept group of total SJS-TEN patients (acute and late 

stages, 2.5 ± 0.2 and 3.8 ± 0.4%, respectively; P = 0.035; Supple-

mental Figure 4A). However, we did not observe this increase in 

patients with mild SJS-TEN who had less than 10% BSA detach-

ment (Supplemental Figure 4B) or in any patients in the cortico-

steroid treatment group (Supplemental Figure 4).

We further examined the correlation between clinical severity 

and Treg populations in SJS-TEN patients enrolled in the trial and 

found that the Treg population at the maximum stage (average of 

8.8 ± 5.1 days from onset) was significantly lower in the deceased 

patients than in patients who survived (all deceased patients, 1.7% 

± 0.3%; all surviving patients, 3.3% ± 0.3%; P = 0.036) (Supple-

mental Figure 5A). We detected no significant difference in Treg 

populations during the acute stage in patients with SJS-TEN of dif-

ferent severities (Supplemental Figure 5B). We found that the Treg 

populations were significantly increased during the maximum 

stage in patients with 10% or greater BSA detachment in the etan-

ercept treatment group compared with that in the corticosteroid 

treatment group (P = 0.029; Supplemental Figure 5B). However, 

the Treg population was still lower during the maximum stage in 

the deceased patients than it was in all surviving patients with SJS-

TEN and BSA detachment of 10% or greater (both P < 0.05; Sup-

plemental Figure 5B) after etanercept treatment. Likewise, there 

was no significant difference in the corticosteroid group (Supple-

mental Figure 5B).

Discussion
This study was designed to evaluate the efficacy of etanercept 

(an anti–TNF-α biologic agent) compared with that of traditional 

therapy in CTL-mediated SCAR patients. Previously, several case 

reports demonstrated that TEN and TEN-like acute cutaneous 

Table 8. Clinical characteristics as additional risk factors for mortality among patients treated with etanercept or corticosteroids 

compared with retrospective data on CTL-mediated SCAR patients treated with supportive care 

Supportive careA         

(retrospective data)
Etanercept Corticosteroid

Age, yr, mean ± SD 56.00 ± 24.65 52.73 ± 16.78, P = 0.444 59.84 ± 24.20, P = 0.503

Heart rate, /min, mean ± SD 96.81 ± 11.99 95.33 ± 16.52, P = 0.644 91.23 ± 13.75, P = 0.177

BUN, mg/dl, mean ± SD 24.75 ± 16.31 20.38 ± 18.33, P = 0.285 32.33 ± 36.57, P= 0.197

HCO3–, mEq/l, mean ± SD 21.38 ± 4.11 23.09 ± 4.25, P = 0.082 22.34 ± 3.84, P = 0.244

Glucose, mg/dl, mean ± SD 157.06 ± 59.77 137.6 ± 73.59, P = 0.297 153.86 ± 78.56, P = 0.790

SCORTEN, mean ± SD 1.97 ± 1.29 1.85 ± 1.29, P = 0.100 1.95 ± 1.36, P = 0.209

AReference group. All P values were calculated by Student’s t test.

Table 7. Mortality rates of patients treated with etanercept or corticosteroids compared with retrospective data on CTL-mediated SCAR 

patients treated with supportive care

Supportive careA 
(retrospective data)

Etanercept Corticosteroid

Mortality                    
n (%)

Mortality                   
n(%)

OR                          
(95% CI)

P value Mortality                   
n (%)

OR                              
(95% CI)

P value

Total 10/38 (26.3) 4/48 (8.3) 0.25 (0.07–0.89) 0.026B 7/43 (16.3) 0.54 (0.18–1.61) 0.280

Skin detachment 

    BSA ≥10% 7/12 (58.3) 4/18 (22.2) 0.20 (0.04–1.01) 0.052 5/16 (31.3) 0.32 (0.07–1.54) 0.176

    BSA <10% 3/26 (11.5) 0/30 (0) – – 2/27 (7.4) 0.61 (0.09–4.01) 0.653

Age, yr

    ≥40 10/28 (35.7) 4/39 (10.3) 0.021 (0.06-0.75) 0.012B 7/35 (20.0) 0.45 (0.14–1.40) 0.176

    <40 0/10 (0) 0/9 (0) – – 0/8 (0) – –

History of malignancy, n (%) 

    No 8/34 (23.5) 3/41 (7.3) 0.26 (0.06–1.06) 0.060 4/37 (10.8) 0.39 (0.11–1.45) 0.145 

    Yes 2/4 (50) 1/7 (14.3) 0.167 (0.01–2.98) 0.271 3/6 (50) 1.0 (0.08–12.6) 1.000
AReference group. BStatistically significant P values. All P values were calculated using an unconditional z-pooled test for etanercept versus supportive care 

and corticosteroids versus supportive care.
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lupus erythematosus could successfully be treated with etanercept 

(27–32) and other TNF-α antagonists (17, 33–36). Paradisi et al. even 

observed successful treatment in 10 patients with TEN (31). How-

ever, to our knowledge, no randomized, systematic comparison 

of anti–TNF-α biologic agents versus traditional therapy has been 

made, nor has a mechanistic study on anti–TNF-α biologic agents in 

SJS-TEN patients been reported. In a randomized, controlled study 

of SJS-TEN, Pierre et al. compared thalidomide versus placebo in 

22 patients with TEN (39). Our study not only enrolled the largest 

series of CTL-mediated SCARs patients treated with a biologic 

agent, but, to our knowledge, is also the first randomized, controlled 

trial involving the TNF-α antagonist in CTL-mediated SCARs.

The incidence of SJS-TEN is low, with an estimated 0.4–6 

cases per million persons per year (1, 5); therefore, the sample 

size of this study is limited. Despite the sample size limitation, 

we ultimately enrolled 91 participants with SJS-TEN in the clini-

cal trial. According to our retrospective database (OR, 0.25; 95% 

CI, 0.07–0.89; P = 0.026), the mortality rate after etanercept 

treatment (8.3%) was lower than the rate predicted on the basis 

of patients’ SCORTENs (17.7%) and was significantly lower than 

that of the supportive care treatment group (26.3%). Further-

more, the mortality rate for corticosteroid treatment (16.3%) was 

also lower than the predicted rate (20.3%), but no statistical dif-

ference was observed in the corticosteroid group compared with 

the etanercept and supportive care groups. Although the result 

was not significant, the corticosteroid-treated group (16.3%) had 

lower mortality rates than did the supportive care group (26.3%), 

which was similar to the results of a previous report (25). A larger 

sample size is needed to confirm the survival benefit of etanercept 

treatment for SJS-TEN compared with that provided by systemic 

corticosteroids. In addition, the causes of death in the etanercept 

treatment group included sepsis, serious infection, and respiratory 

failure, which are common causes of death in SJS-TEN patients 

(40). All 4 deceased participants in the etanercept group were 

TEN patients with a SCORTEN of 4, suggesting that the deaths of 

these 4 patients were related to the severity of their illness.

In our evaluation of clinical manifestations, we found that 

etanercept could effectively improve skin and oral mucosa heal-

ing, as well as facilitate reepithelialization. In comparison with 

corticosteroids, etanercept further reduced the time required 

for complete skin healing (P = 0.010) in SJS-TEN patients with 

moderate or severe skin involvement (BSA detachment ≥10%). 

Corticosteroids can nonspecifically influence steroid receptor–

mediated transcription factors that are involved in a wide variety 

of physiological functions, including stress response, immune 

reaction, carbohydrate metabolism, and protein catabolism (41). 

Systemic steroids have been reported to impair wound healing 

(42). Because etanercept specifically targets TNF-α, it would be 

reasonable to expect a better skin-healing effect with etanercept 

than with corticosteroids.

Figure 3. Clinical improvement in CTL-mediated SCAR patients after 

etanercept or corticosteroid treatment. Kaplan-Meier curves are shown for 

the time required for skin healing (A and D), beginning of reepithelializa-

tion (B and E), and oral mucosa healing (C and F) in CTL-mediated SCAR 

patients in the 2 treatment groups. The numbers in red and green represent 

the median number of days for the etanercept and corticosteroid groups, 

respectively. P values were calculated by the Kaplan-Meier product-limit 

estimates method. #P = 0.010, by Kaplan-Meier product-limit estimates 

method. (G) Shown are representative clinical photographs of patients with 

TEN who received etanercept or corticosteroids.
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5 patients in the etanercept group were reported. We speculate 

that these serious adverse effects could have been related to the 

patients’ illness. We also evaluated adverse effects in the etaner-

cept treatment group and found a significantly lower incidence 

of GI hemorrhage (grade 2) (P = 0.030) in total SJS-TEN patients 

in the etanercept treatment group than in patients in the cortico-

Etanercept has been approved by the US FDA to treat 

rheumatoid arthritis, ankylosing spondylitis, plaque psoriasis, 

psoriatic arthritis, and juvenile rheumatoid arthritis (37). In a 

long-term study, clinical safety results were reported for 2,054 

patients from North America and Europe (37, 43). In this trial, 6 

serious adverse events including sepsis and respiratory failure in 

Figure 4. Immunological effects in SJS-TEN patients with 10% or greater BSA detachment after etanercept or corticosteroid treatment. Release of 

granulysin (A) and TNF-α (B) was measured in blister fluids from SJS-TEN patients with 10% or greater BSA detachment in the etanercept (n = 11) and 

corticosteroid (n = 11) treatment groups. The blister fluids were continually collected on day 0 (before treatment) and each day afterward (days 1, 2, 3, and 

4 after treatment) until blister production stopped. Expression levels of granulysin (C) and TNF-α (D) in plasma were also detected. The acute stage was 

defined as occurring within 6 days from the onset of illness; the maximum stage was defined as the time from illness onset to maximal skin detachment; 

the late stage was defined as the point at which complete skin healing occurred. Subsets (E) and population (F) of CD4+CD25hiFOXP3+ Tregs detected in the 

patients’ blood. Data are presented as the mean ± SEM based on 3 (A–D) or 2 (F) independent experiments; all P value was calculated by Student’s t test. 

***P < 0.001, †P = 0.014, ††P = 0.005, †††P = 0.002, ##P = 0.011, §P = 0.004, §§P = 0.003, ¶P = 0.037, ¶¶P = 0.028.
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all, etanercept increased the proportion of Tregs and showed 

potential immunosuppressive and immunomodulatory effects in 

patients with CTL-mediated SCARs.

In conclusion, the anti–TNF-α biologic agent etanercept is an 

effective alternative treatment for CTL-mediated SCARs. In com-

parison with conventional systemic corticosteroids, etanercept 

showed a shorter skin-healing time for patients with moderate-

to-severe CTL-mediated SCARs, with a lower incidence of GI 

side effects. Our mechanism-of-action study revealed that etan-

ercept treatment decreased the levels of granulysin and TNF-α 

in the plasma and blister fluids and increased Treg populations 

in patients with moderate-to-severe CTL-mediated SCARs. This 

study may provide a rationale for the clinical application of anti–

TNF-α biologic agents in the treatment of patients with CTL-

mediated SCARs.

Methods
Patient enrollment in the clinical trial. SJS-TEN patients were enrolled 

in the clinical trial from 2009 to 2015 at CGMH, which is the largest 

medical health system in Taiwan and receives SJS-TEN referral cases 

from other hospitals in northern Taiwan. Patients older than 4 years  

were eligible if they were diagnosed with SJS or TEN, characterized 

by rapidly developing blistering exanthema with purpuric macules, 

accompanied by mucosal involvement and skin detachment. A diagno-

sis of SJS-TEN was also made according to the phenotypic criteria of 

the RegiSCAR study (54–56), which are shown in Supplemental Table 

2. Skin biopsies were histopathologically examined for the majority of 

enrolled participants (Supplemental Table 4). Only participants with 

probable or definite cases of SJS-TEN were enrolled in this study. The 

diagnostic evaluation was further supported by laboratory assessments 

of skin biopsies with DIF and IIF using anti-intercellular substance and 

anti–basement membrane zone autoantibodies (57), as well as detec-

tion of blister granulysin levels to exclude other autoimmune bullous 

diseases (Supplemental Figure 2). A granulysin level above 600 ng/ml 

(12) was considered positive for SJS-TEN (Supplemental Table 4).

In addition, to assess the patients’ physical condition and vital 

signs, blood samples were evaluated for hematologic and biochemi-

cal values, arterial blood gas levels, purified protein derivative (PPD) 

levels, and viral or bacterial infection. The patients also underwent 

urinalysis, a urine pregnancy test, and chest x-ray. All patients were 

assessed and diagnosed by at least 2 experienced dermatologists.

Exclusion criteria. The following patients were excluded from the 

clinical trial: (a) pregnant or breastfeeding women; (b) patients with a 

previous allergy to any anti–TNF-α biological product; (c) patients with 

active or latent tuberculosis confirmed by chest x-ray; (d) patients with 

severe, active infection and septicemia; (e) carriers of active hepatitis 

B or C; (f) suspected carriers of HIV with a CD4+ T cell count below 

200; and (g) patients with poor compliance or safety concerns, as 

judged by an investigator.

Study procedures. This was an open-label, randomized, controlled, 

unblinded study. Because CTL-mediated SCARs such as SJS-TEN 

are rare diseases, with an incidence of fewer than 10 cases per mil-

lion persons per year worldwide (1, 5), the sample size of the trial was 

determined by physician estimation of the likely number of available 

SJS-TEN patients. We ultimately recruited 96 patients for this trial. Of 

these 96 patients, the first 10 were enrolled in the BMRP290011 proj-

ect from 2009 to 2010, and the remaining 86 patients were enrolled 

steroid treatment group. GI hemorrhage is a rare side effect of 

etanercept treatment (37) and was not found in our retrospective 

supportive care group (data not shown). However, systemic cor-

ticosteroids have been known to be associated with an increased 

risk of GI hemorrhage (37, 44).

TNF-α expression has been found to be high in plasma and blis-

ter fluids of SJS-TEN patients (18, 19), and it appears to be associ-

ated with the pathoge nesis of CTL-mediated SCARs (21). TNF-α 

serves as a proinflammatory cytokine and is thought to play an 

essential role in inducing immune responses. In addition, we previ-

ously revealed that granulysin is the key mediator for keratino cyte 

detachment of the epidermis in SJS-TEN (12), and Kida et al. found 

that TNF-α could augment the granulysin promoter activity to 

regulate granulysin gene expression (45). TNF-α appears to be the 

upstream regulator of granulysin. Our results showed that secre-

tion of TNF-α and granulysin in plasma and blister fluids of SJS-

TEN patients clearly decreased after etanercept or corticosteroid 

treatment. We hypothesize that etanercept attenuates granulysin 

expression via blockade of the TNF-α–associated pathway.

It has been determined that Tregs are responsible for sup-

pressing T cell responses. Impaired Tregs or the function of 

these impaired cells have been found to be associated with 

many autoimmune diseases as well as with SJS-TEN (46–48). 

Tregs expressing the FOXP3 transcription factor regulate 

immune suppression and induce tolerance to limit hypersen-

sitivity and autoimmu nity. In a study on SJS-TEN, Tregs iso-

lated from patients with acute-stage TEN were found to be pro-

foundly impaired in their suppressive function, which may be 

related to severe epidermal damage (49). Another recent study 

also revealed that the drug-specific Tregs proliferated during 

the recovery stage in 1 SCAR patient (50). Furthermore, several 

studies indicated that the expression levels of FOXP3 and the 

suppressive functions of Tregs were increased by anti–TNF-α 

treatment (51, 52). Two studies reported an increase in the Treg 

population in rheumatoid arthritis patients following treatment 

with an anti–TNF-α agent (51, 53).

In this study, we found that etanercept significantly 

increased Treg proportions in patients with SJS-TEN during 

the recovery stage, especially in those with 10% or more BSA 

detachment, compared with Treg proportions during the acute 

stage. However, no significant difference was observed after 

treatment with corticosteroids, which may have been due to 

their pan-immunosuppressive effects.

We further found that Treg populations were significantly 

lower in all deceased patients than in all surviving patients, sug-

gesting that Tregs were involved in the mortality of SJS-TEN. 

In addition, an increase in the Treg population was detected in 

all surviving patients with SJS-TEN after etanercept treatment, 

but not in the 4 deceased patients with TEN who had received 

etanercept treatment. Etanercept can increase Treg populations 

in most SJS-TEN patients, but it may not be sufficient to restore 

the Treg population in patients with severe TEN because of their 

poor condition or other unfavorable prognostic factors such 

as infection. Therefore, this subset of patients may require an 

enhancement of the etanercept dosage. However, the therapeu-

tic effect and optimal use of etanercept for patients with severe, 

rapidly progressing SJS-TEN need further exploration. Over-
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was compared with the results of the etanercept and corticosteroid 

treatment groups in this clinical trial.

Ex vivo evaluation of the anti–TNF-α agent and other immunosup-

pressants for CTL-mediated SCARs. For preclinical, ex vivo testing of 

potential inhibitors, SJS-TEN patients with blisters were enrolled 

from 2007 to 2009 at the same CGMH. The blister cells were col-

lected before treatment. In addition, the cellular phenotypes of the 

blister cells from these SJS-TEN patients were characterized by differ-

ent human cell markers using flow cytometry. The cell viability of the 

blister cells was also determined by propidium iodide staining (see the 

Supplemental Methods for further details).

Blister cells were isolated by centrifugation at 1,000 g for 5 min-

utes. A total of 1 × 105 cells were treated for 48 hours with potential 

inhibitors, including etanercept, cyclosporine, IVIG, and corticoste-

roids, after which culture supernatants were collected for ELISA mea-

surement of granulysin and TNF-α levels. All drug concentrations are 

shown in Figure 1 and were determined by clinical use.

Measurement of granulysin and TNF-α secretion. Plasma samples 

from patients in acute, maximum, or late stages of SJS-TEN were 

obtained for both treatment groups and frozen at –80°C. The point 

of illness onset for each individual patient was also evaluated. The 

acute stage was defined as occurring within 6 days of the onset of ill-

ness; the maximum stage was defined as the time from illness onset 

to maximal skin detachment (without progression of skin detach-

ment); and the late stage was defined as the point at which complete 

skin healing occurred. The average times (mean ± SD) to reach the 

acute, maximum, and late stages were 4.3 ± 1.7, 9.1 ± 4.7, and 14.3 ± 

6.2 days, respectively, for the etanercept group and 5.1 ± 2.5, 8.4 ± 

5.8, and 16.0 ± 7.2 days, respectively, for the corticosteroid group. If 

patients had blistering skin, the blister fluids were continually col-

lected on day 0 (before treatment) and each day afterward (days 

1, 2, 3, and 4 after treatment) until blister production stopped. All 

assays were performed at the end of the clinical trial. To determine 

granulysin expression levels, the mAbs RB1 (catalog D184-3) and 

biotin-labeled RC8 (catalog D185-6) (MBL) were used in an ELISA, 

as described previously (12). The assay sensitivity for granulysin 

was 20 pg/ml. Secreted TNF-α was detected using a human TNF-α 

ELISA Kit (catalog DY210-05; R&D Systems). The assay sensitivity 

for TNF-α was 15 pg/ml.

Flow cytometric analysis of Treg populations. Peripheral blood 

mononuclear cells (PBMCs) (1 × 107) isolated from SJS-TEN patients’ 

blood at acute, maximum, and late stages were obtained from 

patients in both treatment groups and frozen at –196°C in liquid nitro-

gen. This assay was also performed at the end of the clinical trial. To 

identify Treg populations, patients’ PBMCs (4 × 105) were incubated 

with PE-labeled anti-human CD25 (catalog 555432; BD Bioscienc-

es), PerCP-labeled anti-human CD4 (catalog IM2636U; Beckman 

Coulter), and APC-Cy7–labeled anti-human CD45 (catalog A7117; 

Beckman Coulter) at 4°C for 30 minutes. After surface staining, the 

samples were fixed and permeabilized according to the instructions 

for the BD Fixation/Permeabilization Kit (catalog 554714; BD Bio-

science). Next, the cells were stained with FITC-labeled anti-human 

FOXP3 (catalog 00-5523-00; Thermo Fisher Scientific). After 

washing, the stained cells were processed through a NovoCyte flow 

cytometer (ACEA Bioscience), and data were analyzed using Novo-

Express 1.1.0 software (ACEA Bioscience). CD4+CD25hiFOXP3+ T 

cells were defined as Tregs.

in the NMRPG2C0091 project from 2010 to 2015. Both BMRP290011 

and NMRPG2C0091 projects have the same trial design and out-

come predictions as well as the same IRB numbers, but have differ-

ent informed consent provisions. Given the study design and out-

come predictions, we incorporated these 2 projects into 1 single trial 

analysis. In addition, we used different random allocation numbers 

for these 2 projects. Both random number lists were generated by the 

consulting biostatistician using SAS 9.2 and were assigned chronologi-

cally to each participant.

When a SJS-TEN patient was admitted to the hospital, a random 

number was generated by the clinical trial center within 1 to 2 days 

of the patient’s initial clinical assessment, after which the investiga-

tor was given the random number and initiated the appropriate treat-

ment. Participants with SJS-TEN were consecutively enrolled and 

randomly assigned at a 1:1 ratio to receive either 25 mg (or 50 mg) 

etanercept by subcutaneous injection twice a week or 1–1.5 mg/kg/day  

prednisolone (systemic corticosteroid) (58) by intravenous injection 

until their skin lesions were healed. Since body weight could influ-

ence the drug’s efficacy, 50 mg etanercept was administered to 

patients who weighed more than 65 kg. Because the injection meth-

ods are quite different for etanercept and corticosteroids, this was 

not a blinded clinical trial. If participants met the exclusion criteria or 

could not complete the study, we allowed them to undergo traditional 

treatment (mainly with corticosteroids or supportive care only).

In addition, we also enrolled patients from the Drug Reaction with 

Eosinophilia and Systemic Symptoms (DRESS) trial (ClinicalTrials.gov 

Identifier: NCT01276314); however, the present study only focused on 

the SJS-TEN patient group.

Assessment of clinical outcomes and adverse events. The main end-

point and primary monitoring parameters of this clinical trial were ana-

lyzed according to the healing of skin or mucosal lesions. Healing was 

defined as complete reepithelialization (i.e., the complete absence of 

erosions). We recorded the length of time required for the skin and oral 

mucosa to heal and the time required to begin reepithelialization on 

the denuded areas. All enrolled participates were in-patients and were 

monitored at least every 2 days. In addition, the secondary monitoring 

parameters were to evaluate the patients’ adverse events and vital signs. 

The endpoints of secondary monitoring parameters were assessed for 

3 weeks after discharge. Clinical laboratory measurements and blood 

and urine analyses were also performed throughout this study. At least 

2 dermatologists assessed each clinical monitoring parameter and each 

adverse event attributable to the severity of the illness or to the drug.

Comparison of mortality rates in the different treatment groups. 

The clinical severity of SJS-TEN was evaluated using SCORTEN 

(38) (Supplemental Table 5). Using the probability of death linked 

to each SCORTEN, we calculated the predicted mortality in our 

patients. We first evaluated the mortality rates for the etanercept 

and corticosteroid treatment groups in this clinical trial. Because 

SJS-TEN is a rare and life-threatening clinical condition, patients 

with SJS-TEN could not be allocated to supportive care–only groups 

for ethical reasons in this intention-to-treat–based clinical trial. We 

collected retrospective data on patients with SJS-TEN who were 

managed by supportive care without specific treatment from our 

SJS-TEN registry database from 2001 to 2008 at the same CGMH 

health system hospital. All retrospective cases of SJS-TEN were 

accessed with complete, accessible electronic medical records. The 

mortality rate of patients in the retrospective supportive care group 
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in the drafting and approval of the final manuscript. LYY, SIH, SCS, 
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