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Cyclosporine Use in Epidermal Necrolysis
Is Associated with an Important
Mortality Reduction: Evidence from
Three Different Approaches

Carlos González-Herrada1, Sara Rodrı́guez-Martı́n2, Lucı́a Cachafeiro3, Victoria Lerma2,
Olga González1, José A. Lorente4,5,6, Antonio Rodrı́guez-Miguel2, Jessica González-Ramos7,
Gaston Roustan8, Elena Ramı́rez9, Teresa Bellón10 and Francisco J. de Abajo2, for the
PIELenRed Therapeutic Management Working Group*
Several immunomodulatory agents are used in the treatment of epidermal necrolysis, but evidence of their
efficacy is limited. The Autonomous Community of Madrid has two reference burn units to which all patients
with epidermal necrolysis are referred. One burn unit has mostly used cyclosporine (CsA), and the other has
used non-CsA therapies (mainly high-dose intravenous immunoglobulin). The allocation of patients to one or
the other burn unit was mainly based on proximity, resembling a random assignment. Thus, we took advantage
of this “natural experiment” to estimate the mortality risk ratio (MRR) of CsA (n ¼ 26) compared with non-CsA
(n ¼ 16) treatment using hospital as an instrumental variable over the period from 2001 to 2015. We also
computed the observed versus expected (O/E) MRR in a case series of 49 CsA-treated patients (including 23
patients from other regions treated in Madrid), and using the Score for Toxic Epidermal Necrolysis (i.e.,
SCORTEN) scale to estimate the expected values. The instrumental variable-based MRR of CsA versus non-CsA
was 0.09 (95% confidence interval ¼ 0.00e0.49). The O/E analysis also showed a reduction in mortality risk
(MRROE ¼ 0.42; 95% confidence interval ¼ 0.14e0.99). We identified five other case series of CsA-treated pa-
tients providing MRROE and meta-analyzed their results. The pooled MRROE (including from this study) was 0.41
(95% confidence interval ¼ 0.21e0.80). All three approaches consistently show that CsA reduces the mortality in
epidermal necrolysis patients.
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INTRODUCTION
Epidermal necrolysis (EN), the unified denomination
proposed recently for toxic epidermal necrolysis (TEN),
Stevens-Johnson syndrome (SJS), and SJS-TEN overlap, is a
rare disease frequently induced by drugs (Heng et al., 2015)
that has a high mortality rate (Sekula et al., 2013). The prompt
withdrawal of the offending medication (Garcı́a-Doval et al.,
2000) and the application of supportive measures are the
main therapeutic cornerstones (Palmieri et al., 2002). Various
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Abelardo Garcı́a de Lorenzo, Jessica González-Ramos, Olga Hernández,
Pedro Herranz, Elena Ramı́rez, Elena Ruı́z Bravo, Yolanda Alonso, Jose

Journal of Investigative Dermatology (2017), Volume 137 ª 2017 The A
immunomodulating agents have been used to treat it
(Roujeau and Bastuji-Garin, 2011;Valeyrie-Allanore et al.,
2010), but the evidence of their efficacy is still limited, mostly
because the studies performed thus far have been based on
small case series, none of which reached statistical signifi-
cance. A formal randomized clinical trial comparing these
treatments would theoretically be the best approach, but it
has not been implemented because of the obvious difficulties
in recruiting patients.
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When the efficacy of two treatments is to be compared in a
nonexperimental setting, the possibility exists that, despite
the use of appropriate statistical techniques for adjustment,
the results are biased because of unmeasured, or not perfectly
measured, confounding factors. Moreover, in studies with
small sample sizes and/or scarce events, adjustment methods
can be inefficient. A method proposed to tackle these prob-
lems is the use of instrumental variables (IVs) (Greenland,
2000). It is accepted that an analysis based on a valid IV
(as randomization itself) can help balance the confounding
factors (measured and unmeasured) between comparison
groups and enhance the internal validity of the study (Rassen
et al., 2009). The main problem, however, is finding an
appropriate IV.

The Autonomous Community of Madrid (hereafter referred
to as Madrid), a region of approximately 6 million in-
habitants, has two burn units (BUs) located in the north (La
Paz University Hospital [LPUH]) and south (University Hos-
pital of Getafe [UHG]), respectively, which treat patients with
EN, mostly from the region but also from other parts of Spain
lacking these facilities. The allocation of patients, particularly
those from Madrid, to one or another BU is a random-like
process based on proximity and is not linked to any clinical
aspect of the disease such as severity. UHG has been using
cyclosporine (CsA) (also spelled as “ciclosporin”) in EN pa-
tients for more than 20 years and was one of the pioneering
centers in the world to use this treatment (Arévalo et al.,
2000), whereas LPUH has mostly used non-CsA treatments
(mainly intravenous immunoglobulin [IVIg]). This situation
can be regarded as a “natural experiment,” in which hospital
assignment is acting as an IV. Thus, we exploited such a sit-
uation to perform an IV analysis over the study period from
2001 to 2015 with the aim to assess the effect of CsA on
mortality compared with non-CsA therapies. We also evalu-
ated the effect of CsA on mortality through two other ap-
proaches: (i) a traditional observed versus expected (O/E)
mortality analysis using Score for Toxic Epidermal Necrolysis
(SCORTEN) to estimate the expected deaths (Bastuji-Garin
et al., 2000) and (ii) a systematic review with a meta-
analysis of all published case series that used an O/E
approach.

RESULTS
Out of 91 potential patients identified, 71 were validated
patients with a diagnosis of EN (see case validation results in
Supplementary Table S1 online) who were admitted to either
of the two BUs (45 to UHG and 26 to LPUH). Overall, 42
patients were from Madrid and 29 from other regions
(Figure 1).

The “natural experiment”

This study was restricted to 42 patients diagnosed with EN
and living in Madrid (UHG ¼ 23 and LPUH ¼ 19). All pa-
tients in UHG except one (96%) were treated with CsA, and
four patients in LPUH (21%) were treated with CsA. (Two of
them initially received IVIg.) With the exception of sex, no
statistically significant differences in baseline characteristics
were observed either between hospitals (see Supplementary
Table S2 online) or between treatments (CsA vs. non-CsA)
(Table 1), including prognostic factors such as age, days
from start of symptoms to admission, percentage of mucosal
involvement, total body surface area involved, clinical entity
(SJS, TEN, overlap) or pre-existing diseases. The average
SCORTEN 24-hour values were comparable in both hospitals
(UHG ¼ 2.4 vs. LPUH ¼ 2.5, P ¼ 0.70) and in both treatment
groups (CsA ¼ 2.4 vs. non-CsA ¼ 2.5; P ¼ 0.82) (Table 1).

Only one patient died in UHG (out of n ¼ 23, 4.3%) and
six in LPUH (out of n ¼ 19, 31.6%) yielding a mortality risk
ratio (MRR) of 0.14 (95% confidence interval [CI] ¼
0.02e0.94). By analogy with clinical trials, this approach can
be called “intention to treat” (ITT) analysis: patients were
analyzed in the group they were assigned to. However, the
ITT analysis underestimates the treatment effect when there is
incomplete adherence to treatment. To adjust for this, we
used an IV analysis, giving rise to an MRRIV of 0.09 (95%
CI ¼ 0.00e0.49) (Table 2).

Grouping patients by the actual treatment received (the
conventional “as treated” (AT) approach) we found that two
patients died in the CsA group (out of n ¼ 26; 7.7%) and that
five died in the non-CsA group (out of n ¼ 16; 31.3%),
yielding a crude MRRAT of 0.25 (95% CI ¼ 0.04e1.06). After
adjusting for SCORTEN and total body surface area (BSA)
involved, we obtained an MRRAT of 0.13 (95% CI ¼
0.01e0.93) (Table 2). When we compared CsA versus IVIg,
the adjusted MRRAT was 0.09 (95% CI ¼ 0.01e0.83). The
inclusion of all 71 patients (from Madrid and other regions)
also yielded an important mortality reduction in the IV
analysis (MRRIV ¼ 0.19, 95% CI ¼ 0.03e0.72) and in the ITT
and the AT analyses (see Supplementary Table S3 online).

The O/E approach

The O/E approach was performed in all 71 patients with a
validated diagnosis of EN. Forty-nine patients were treated
with CsA; five of them died (10.2%), although 11.8 (24.1%)
deaths were expected according to SCORTEN. Twenty-two
patients were treated with non-CsA therapies, seven of
whom died (31.8%), although 6.4 deaths (29.1%) were ex-
pected. The resulting MRROE was 0.42 (95% CI ¼ 0.14e0.99)
for CsA and 1.09 (95% CI ¼ 0.44e2.25) for non-CsA (see
Table 3 for specific treatment results). When we used the
auxiliary score instead of SCORTEN, the results were almost
identical (Table 3). Also, when the analysis was restricted to
patients with complete data for SCORTEN (n ¼ 22 for CsA
and n ¼ 17 for non-CsA groups), we obtained an MRROE of
0.32 (95%¼ 0.04e1.15) for CsA and an MRROE of 1.06 (95%
CI ¼ 0.35e2.48) for non-CsA. When the O/E analysis was
restricted to patients from Madrid, the point estimate did not
materially change (CsA MRROE ¼ 0.31, 95% CI ¼
0.04e1.11; non-CsA MRROE ¼ 1.09, 95% CI ¼ 0.35e2.54).
Twenty-eight patients treated with CsA (57.1%) received
steroids before admission, but a similar effect of CsA was
observed in both patients receiving steroids (MRROE ¼ 0.37,
95% CI ¼ 0.04e1.34) and patients not receiving steroids
(MRROE ¼ 0.47, 95% CI ¼ 0.10e1.38). Deaths were evenly
distributed over time (see Supplementary Figure S1 online),
and no statistically significant interaction with time (a period
effect) was detected.

Secondary efficacy variables

We collected accurate data from only 40 patients with
nonfatal EN who were treated with CsA (n ¼ 38 from UHG
www.jidonline.org 2093
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Figure 1. Flow chart of epidermal

necrolysis patients included in the

study by hospital and treatment. A

total of 71 patients with a validated

diagnosis of epidermal necrolysis

were admitted to either of the

participating burn units, University

Hospital of Getafe (UHG) and La Paz

University Hospital (LPUH). Patients

from the region of Madrid (n ¼ 42)

were selected to take part in the

“natural experiment”. All 71 patients

were included in the observed versus

expected analysis. CsA, cyclosporine;

IVIg, intravenous immunoglobulin.
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and n ¼ 2 from LPUH). BSA stabilization was reached at a
mean � standard deviation of 2.4 � 1.5 days from the day
CsAwas started, and 87% of patients reached this goal within
the first 3 days. The re-epithelialization process began after
an average of 3.7 � 1.9 days, and complete re-
epithelialization was reached after a mean of 9.2 � 4.2
days (median ¼ 8 days, range ¼ 3e24 days). In 34 patients
(85%), the re-epithelialization process was complete within
the first 12 days. No record on secondary efficacy variables
was available from non-CsAetreated patients (all from
LPUH), and the comparison between treatments was not
feasible.

Systematic review and meta-analysis

The automatic search retrieved 126 articles, although only
five met the inclusion criteria (see Supplementary Figure S2
online). The characteristics of these five studies are shown
in Table 4. The pooled MRR of observed deaths with respect
to the SCORTEN-based predicted deaths (MRROE) of these
five studies was 0.40 (95% CI ¼ 0.16e1.01, P ¼ 0.052). The
inclusion of our study yielded a pooled MRROE of 0.41 (95%
CI ¼ 0.21e0.80) (Figure 2). No heterogeneity was observed
across studies (I2 ¼ 0.0%), nor was evidence of a publication
bias (Egger test, P ¼ 0.50) (see funnel plot in Supplementary
Figure S3 online).

In patients with an expected mortality risk of 30%, an MRR
of 0.41 would yield an absolute risk reduction attributed to
CsA of 17.7% and a number needed to treat of 5.6 (see
Supplementary Tables S4 and S5 online for other scenarios).

DISCUSSION
The results of the three different methodological ap-
proaches performed in this study (a “natural experiment”,
an O/E analysis, and a meta-analysis) consistently suggest
Journal of Investigative Dermatology (2017), Volume 137
that the use of CsA in patients with EN is associated with
an important reduction in all-cause mortality during hos-
pitalization compared with other treatments, in particular
compared with IVIg (a risk reduction of around 90%),
and also compared with the SCORTEN-predicted
mortality (a reduction of around 60%). The pooled
MRROE using all published studies (including or not
including this study) was also consistent, with a 60%
mortality reduction.

In the “natural experiment,” we took advantage of the
seemingly random allocation of patients to one or the other
BU. Hospital assignment fulfils, in our view, the three
conditions of a valid IV (Rassen et al., 2009). First, it was
strongly associated with the treatment patients actually
received (96% patients in UHG received CsA and 79%
patients in LPUH received non-CsA treatments). Second,
hospital allocation was not related to confounding factors,
because the reason to send a patient with EN was based on
proximity and not on disease severity. To ensure this con-
dition, we restricted the IV analysis to patients living within
the region, because the allocation of patients from other
regions might relate to factors other than proximity; we
checked this second condition empirically and showed that
there were no significant differences between both hospitals
in prognostic factors. Third, hospital allocation had no
direct influence on mortality; although this condition is
fundamentally unverifiable in the IV analysis (Rassen et al.,
2009), both BUs are National Reference Centers (NRCs)
certified by the Ministry of Health, and therefore we can
assume that supportive care provided by both BUs is similar.
The comparison of crude mortality rates in burn patients as
a proxy for mortality in EN patients was ruled out because
of the important differences between both type of patients
and their management. This unverifiable assumption,



Table 1. Patient characteristics for each treatment group (Madrid region)

Characteristics
CsA

n [ 26

Non-CsA

IVIg
n [ 11

Steroids
n [ 2

None
n [ 3

Total
n [ 16

Hospital, n (%)

UHG 22 (84.6) 0 0 1 (33.3) 1 (6.3)

LPUH 4 (15.4) 11 (100) 2 (100) 2 (66.7) 15 (93.8)1

Clinical entity, n (%)

SJS 3 (11.5) 2 (18.2) 0 1 (33.3) 3 (18.8)

SJS/TEN overlap 8 (30.8) 6 (54.6) 2 (100) 0 8 (50.0)

TEN 15 (57.7) 3 (27.3) 0 2 (66.7) 5 (31.3)

Age in years, n (%)

15e40 10 (38.5) 4 (36.4) 1 (50.0) 1 (33.3) 6 (37.5)

41e65 12 (46.2) 4 (36.4) 1 (50.0) 1 (33.3) 6 (37.5)

>65 4 (15.4) 3 (27.3) 0 (0.0) 1 (33.33) 4 (25.0)

Mean � SD in years 47.0 � 17.2 55.0 � 20.8 48.5 � 19.1 60.3 � 33.0 55.2 � 21.7

Median (range) in years 45 (16e83) 50 (30e87) 48.5 (35e62) 61 (27e93) 54 (27e93)

Women, n (%) 20 (76.9) 2 (18.2) 0 (0.0) 2 (66.7) 4 (25.0)1

Steroids treatment before BU admission, n (%) 15 (57.7) 4 (36.4) 1 (50.0) 1 (33.3) 6 (37.5)

Days to admission

Mean � SD 3.5 � 3.5 3.2 � 3.8 5.5 � 3.5 2.7 � 1.2 3.4 � 3.4

Median (range) 3 (0e17) 1 (0e13) 5.5 (3e8) 2 (2e4) 2.5 (0e13)

Mucosal involvement, n (%) 24 (92.3) 8 (72.7) 2 (100) 3 (100) 13 (81.3)

% Total BSA involvement at admission

Mean � SD 39.3 � 25.8 29.9 � 26.2 18.0 � 9.9 46.3 � 37.4 31.5 � 26.9

Median (range) 37.5 (5e80) 22 (8e80) 18 (11e25) 60 (4e75) 25 (4e80)

Pre-existing diseases, n (%) 18 (69.2) 9 (81.8) 1 (50.0) 1 (33.3) 11 (68.8)

SCORTEN-24h, n (%)2

0 1 (3.9) 1 (9.1) 0 (0.0) 0 (0.0) 1 (6.3)

1 3 (11.5) 1 (9.1) 1 (50.0) 1 (33.3) 3 (18.8)

2 11 (42.3) 1 (9.1) 0 (0.0) 1 (33.3) 2 (12.5)

3 6 (23.1) 5 (45.5) 1 (50.0) 1 (33.3) 7 (43.8)

4 5 (19.2) 3 (27.3) 0 (0.0) 0 (0.0) 3 (18.8)

Mean � SD SCORTEN 2.42 � 1.06 2.73 � 1.27 2.00 � 1.41 2.00 � 1.00 2.50 � 1.21

Median (range) SCORTEN 2 (0e4) 3 (0e4) 2 (1e3) 2 (1e3) 3 (0e4)

Expected deaths, n (%) 6.5 (25.0) 3.7 (33.6) 0.4 (20.0) 0.5 (16.7) 4.6 (28.8)

Observed deaths, n (%) 2 (7.7) 5 (45.5) 0 0 5 (31.3)

Abbreviations: BSA, body surface area; BU, burn unit; CsA, cyclosporine; IVIg, intravenous immunoglobulin; LPUH, La Paz University Hospital; SCORTEN,
Score of Toxic Epidermal Necrosis; SCORTEN-24h, Score of Toxic Epidermal Necrosis at admission; SJS, Stevens-Johnson syndrome; SD, standard deviation;
TEN, toxic epidermal necrolysis; UHG, University Hospital of Getafe.
1CsA compared with non-CsA treatment, P < 0.05.
2Including patients with imputed values.

C González-Herrada et al.
Cyclosporine and Mortality in Epidermal Necrolysis
however, must be considered as a limitation of the IV
analysis. The result from the AT analysis adjusted for po-
tential confounding factors was close to that of the IV
analysis, which reinforces its validity.

The O/E analysis was also consistent with a dramatic
reduction in mortality. This analysis was based on a large
series of CsA-treated patients showing a statistically signifi-
cant result that is, to the best of our knowledge, previously
unreported. Other studies (Valeyrie-Allanore et al., 2010;
Kirchhof et al., 2014), however, suggested this mortality
benefit before. Our systematic review allowed us to identify
five other case series with a minimum number of patients and
enough information to estimate the MRRO/E. All of them
showed a trend toward a beneficial effect of CsA, although
none reached a statistically significant level. When we
pooled the results of these five studies, the overall MRROE

showed a 60% reduction at the edge of statistical
significance. Once we added our study, the pooled MRROE

clearly crossed the significance level (see cumulative meta-
analysis in Supplementary Figure S4 online). In three
studies, no death was observed; thus, we artificially added
one death to both the observed and expected numbers to
estimate a meaningful risk ratio and confidence interval.
Because this maneuver may distort the risk ratio to the null
hypothesis, it is likely that the true-pooled mortality risk
reduction is even higher.

The evidence of a mortality benefit with other treatments
has been much less compelling. For instance, Roujeau and
Bastuji-Garin (2011), in a meta-analysis of eight and three
studies with IVIg and corticosteroids, respectively, using the
O/E methodology, concluded that neither of the two treat-
ments had a relevant or significant reduction in the risk
of dying. In another meta-analysis of 13 studies, Barron
et al. (2015) estimated a nonsignificant O/E ratio of 0.81
www.jidonline.org 2095
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Table 2. Mortality results of cyclosporine (CsA) compared with non-cyclosporine (non-CsA) therapies in the
“natural experiment” applying three different analyses (Madrid region)

ITT analysis UHG (n [ 23) LPUH (n [ 19) MRRITT (95% CI)

1 (4.3%) 6 (31.6%) 0.14 (0.02e0.94)

AT analysis CsA (n [ 26) Non-CsA (n [ 16) Crude MRRAT (95% CI) Adjusted1 MRRAT (95% CI)

2 (7.7%) 5 (31.3%) 0.25 (0.04e1.06) 0.13 (0.01e0.93)

IV analysis CsA (n [ 26) Non-CsA (n [ 16) MRRIV (95% CI)

2 (7.7%) 5 (31.3%) 0.09 (0.00e0.49)

Abbreviations: AT, as treated; CI, confidence interval; CsA, cyclosporine; ITT, intention to treat; IV, instrumental variable; LPUH, La Paz University Hospital;
MRR, mortality risk ratio; SCORTEN, Score of Toxic Epidermal Necrosis; UHG, University Hospital of Getafe.
1Adjusted for SCORTEN and percentage of total body surface area involved at admission (both as continuous variables). Sex, age, time from first symptoms to
admission, steroid use before admission, and year of reaction (in three periods) hardly changed the main association and were not retained in the final
model.

Table 3. Results from the observed versus expected
(O/E) analysis for each treatment1

Treatment

Observed
Deaths,
n (%)

Expected
Deaths, n (%) MRROE (95% CI)

CsA
(n ¼ 49)

5 (10.2) SCORTEN 11.8 (24.1) 0.42 (0.14e0.99)

AS 12.5 (25.5) 0.40 (0.13e0.93)

Non-CsA
(n ¼ 22)

7 (31.8) SCORTEN 6.4 (29.1) 1.09 (0.44e2.25)

AS 6.6 (30.0) 1.06 (0.43e2.19)

IVIg
(n ¼ 15)2

7 (46.7) SCORTEN 5.0 (33.3) 1.40 (0.56e2.88)

AS 4.3 (28.7) 1.62 (0.65e3.35)

Abbreviations: AS, auxiliary score; CI, confidence interval; CsA,
cyclosporine; IVIg, intravenous immunoglobulin; MRR, mortality risk
ratio; O/E, observed versus expected; SCORTEN, Score of Toxic Epidermal
Necrosis.
1All patients treated in both burn units were considered.
2These patients are also included among non-CsA.
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(95% CI ¼ 0.62e1.08) with IVIg, although they found a
significant inverse correlation between the risk ratio and the
total IVIg dosage used, with better results in those studies
using a total dose greater than 2 g/kg. (In our study, the dose
used exceeded this level, which would not explain the poor
results found.) Finally, Huang et al. (2012) reviewed the
results from six studies in which IVIg was compared with
supportive care and found no beneficial effect (odds ratio ¼
1.00; 95% CI ¼ 0.58e1.75). Recently, the use of steroid
pulse therapy has been proposed with encouraging results
(Hirahara et al., 2013; Kardaum and Jonkman, 2007), but
experience is still limited.

Our data on secondary efficacy variables suggest a
prompt biological effect of CsA, with most patients reaching
BSA stabilization within the first 3 days of treatment and a
complete re-epithelialization within the first 12 days. This
observation supports the idea that the benefit of CsA stems
from its ability to arrest the disease progression (Arévalo
et al., 2000), which ultimately would prevent organ
dysfunction. The precise mechanism of action of CsA to
explain the important benefit shown in this study is un-
known. The important role of granulysin in EN (Chung
et al., 2008) makes the hypothesis of CsA acting through
this mediator attractive, but as far as we know, there is no
conclusive evidence of a direct effect (Sarwal et al., 2001).
It has been reported that the acquisition of effector functions
by cytotoxic lymphocytes is largely dependent on IL-2
(Pipkin et al., 2010) and that perforin is necessary to
cause apoptosis of target cells in the presence of granulysin
(Saini et al., 2011). Both IL-2 and perforin expressions on T
cells are highly sensitive to CsA treatment (Glimcher et al.,
2004), which means that indirectly CsA could be acting on
granulysin. Of note, the dosage schedules of CsA reported
in the case series examined were different, although the
magnitude of the benefit was rather similar. The common
pattern, however, seems to be a dose of 3e5 mg/kg/day for
at least 5e7 days. Although this short course might be
enough, the major series reported the use of CsA for longer
periods, and we recommend following one of those pub-
lished dosing schedules. (In a personal communication from
8 March 2017, the French Reference Center reported to us
the use of 3 mg/kg/day for 7e10 days without tapering off).

Assuming that the 60% mortality reduction derived from
the meta-analysis is a good estimate of the causal effect of
CsA, this would imply that for every six patients with an
Journal of Investigative Dermatology (2017), Volume 137
average mortality risk of 30%, CsA would prevent an addi-
tional death if all six patients were treated with CsA, a very
important benefit.

The major strength of this study is that with three different
methodological approaches we obtained highly consistent
results, all showing an important and statistically significant
reduction in mortality among patients treated with CsA. The
main limitation is that all approaches are observational in
nature and therefore still subject to bias. A selection bias may
have occurred if patients included in our study (in particular
those treated with CsA) were different from the overall EN
population. We tried to avoid this bias by including all
consecutive patients with a valid diagnosis of EN who were
admitted to the two BUs over a long period, with no exclu-
sions. However, patients treated in BUs may present more
severe forms of EN than those treated in other hospital units,
and thus it is uncertain whether or not the CsA effect iden-
tified in this study could be extrapolated to less severe forms.

A misclassification of the disease might have occurred;
however, we used published standardized procedures to
minimize this potential error and, when the analyses were
restricted to patients with a definitive or probable diagnosis,
the results did not materially change (data not shown).

As in any observational study, residual confounding is
still possible. For instance, in the IV analysis there may be
factors linked to the hospital that can partly contribute to



Table 4. Characteristics of the studies included in the meta-analysis1

Valeyrie-Allanore
et al., 2010

Singh
et al., 2013

Kirchhof
et al., 2014

McKenzie,
2016

Lee et al.,
2017

González-Herrada
et al., 2017
(This Study)

Study period 2005e2007 2011e2012 2001e2011 NR 2011e2014 2001e2015

Directionality Prospective Prospective Retrospective Prospective Retrospective Ambispective

Exclusion criteria Yes2 Yes3 None NR Yes4 None

Patients receiving
CsA, n

29 11 17 4 24 49

Mean age � SD, years 34.2 � 14.1 32.1 � 16.2 53.2 (NR) 48.3 (NR) 50 � 21 49.2 � 16.9

Male, n (%) 12 (41.4) 6 (54.5) 7 (41.2) 2 (50.0) 15 (62.5) 20 (40.8)

Clinical entity, n (%) NR

SJS 10 (34.5) 5 (45.5) 11 (29.7) 8 (33.3) 5 (10.2)

SJS/TEN overlap 12 (41.4) 3 (27.3) 12 (32.4) 9 (37.5) 14 (28.6)

TEN 7 (24.1) 3 (27.3) 8 (21.6) 7 (29.2) 30 (61.2)

Mean Total BSA
involvement at
admission (%)

12.2 (�8.2) 23.4 (�16.3) 28.7 (�26.6) NR 26 (�20) 43.5 (�26.9)

Mean � SD time from
onset to admission,
days

2.8 � 1.8 2.6 � 0.7 4.3 � 5.9 NR 1.8 � 1.7 4.3 � 3.5

CsA dosing schedule
(oral route)

3 mg/kg/day
(10 days)

2 mg/kg/day
(10 days)

1 mg/kg/day
(10 days)

3 mg/kg/day
(7 days)

2 mg/kg/day
(7 days)

3e5 mg/kg/day
(on average
7 days)

3e5 mg/kg/day
(4e5 days)

3 mg/kg/day
(10 days)

2 mg/kg/day
(10 days)

1 mg/kg/day
(10 days)

3 mg/kg/day (until
complete

re-epithelialization)
and then 10-mg/day

reduction
every 48 hours

Prior steroid treatment None None 47% NR 21% 57.1%

Mean � SD time to
complete re-
epithelialization, days

12.4 � 7.7 14.5 � 4.1 NR NR NR 9.1 � 4.2

Mean � SD
SCORTEN

1.27 (NR) 1.45 (NR) 1.65 � 1.23 2.75 (NR) 2.5 (NR) 2.39 � 1.17

Observed mortality 0 0 1 0 3 5

Expected mortality 2.75 1.11 2.40 1.54 7.18 11.8

O/E ratio (95% CI) 0.27 (0.01e1.49)5 0.47 (0.01e2.64)5 0.42 (0.01e2.32) 0.39 (0.01e2.19)5 0.42 (0.09e1.22) 0.42 (0.14e0.99)

Abbreviations: BSA, body surface area; CI, confidence interval; CsA, cyclosporine; NR, not reported; O/E, observed versus expected ratio; SCORTEN, Score
of Toxic Epidermal Necrosis; SD, standard deviation; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
1All patients were treated with CsA. Observed mortality was compared with the expected mortality according to SCORTEN.
2Exclusion criteria: creatinine clearance < 60 ml/minute according to Cockroft formula, diastolic blood pressure > 110 mmHg, previous intolerance to CsA,
pregnancy, uncontrolled diabetes mellitus, immunodeficiency with CD4 cells < 200 mme3, and prior treatment of the reaction with intravenous immu-
noglobulin, immunosuppressive agent, or more than one dose of corticosteroids. The inclusion criteria were age older than 15 years, admission less than 7
days after onset of the reaction, disease progression within the 24 hours preceding admission, possible follow-up during 2 months, and signed informed
consent.
3Exclusion criteria: prior treatment with any other immunosuppressive drugs, history of intolerance to CsA, uncontrolled diabetes mellitus, HIV positivity,
and multi-organ failure and sepsis. CsA was stopped if diastolic blood pressure was greater than 110 mmHg and creatinine level was greater than 150% of
initial value.
4Exclusion criteria: renal impairment (unless receiving long-term renal replacement therapy), uncontrolled hypertension, severe infection, active malig-
nancy, HIV infection, or pregnancy. The inclusion criteria were age older than 18 years, admission no later than 7 days after the onset of blistering, and
progressive disease activity.
5Because zero deaths were observed, we added a continuity correction factor of 1 to both the observed and expected deaths to estimate the O/E mortality
risk ratio and the 95% confidence interval.
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the difference observed in mortality. The O/E analysis
should be less exposed to confounding, because observed
mortality is compared with the expected mortality in the
same group of patients if they had followed the mortality
rates of the population from which SCORTEN was derived,
but this approach depends critically on the validity of
SCORTEN, and two limitations should be mentioned. First,
in a number of retrospective cases we lacked the data
necessary to calculate SCORTEN; thus, we used imputed
values derived from multiple imputation. Although this
approach is highly recognized as the best method to
address missing data in epidemiology (Greenland and
Rothman, 2008), it is not infallible, and some true values
may be different from the imputed ones. Notwithstanding,
the O/E analysis performed in patients with complete data
or with the simplified AS method yielded very similar
MRROE point estimates, which suggests that a bias due to
missing data cannot, by itself, explain the results.
Secondly, SCORTEN was designed in 2000 and has not
been updated since; advances in supportive care are not
taken into account, and SCORTEN could have somewhat
overrated the current expected deaths, artificially lowering
www.jidonline.org 2097
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Figure 2. Forest plot of the meta-analysis. The observed and expected deaths reported by each study among patients treated with cyclosporine and the MRR

(dark square) with 95% confidence interval (horizontal line) are shown. Studies are identified by first author and year of publication. In studies with zero

observed deaths, a continuity correction factor of 1 was added to both the observed and the expected deaths (data not shown).The pooled results are shown in

two strata: (i) the five studies found in the literature and (ii) all studies, including ours. The continuous vertical line represents the null value of the MRR; values

located on the left are compatible with a mortality risk reduction and those located on the right with an increased risk. CI, confidence interval; MRR, mortality

risk ratio.
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the MRROE. However, there are two arguments against this
as an explanation of our results: (i) recent published
studies have confirmed the predictive accuracy of
SCORTEN (Firoz et al., 2012; Sekula et al., 2011) and (ii)
there is no reason for this potential problem to selectively
affect CsA-treated patients.

In conclusion, this observational study supports and the
meta-analysis of available studies confirms the hypothesis
that CsA use in EN patients strongly reduces their mortality.
As far as we know, no other drug has accumulated the
amount of favorable evidence that CsA has. Therefore, given
the difficulty in acquiring evidence from a randomized
clinical trial in this field, these results should lead to serious
consideration of CsA as the standard treatment for EN.

PATIENTS AND METHODS
We included all consecutive patients older than 14 years diagnosed

with TEN, SJS, or SJS-TEN overlap who had been admitted to LPUH

or UHG BUs during 2001e2015. Part of this study period was

retrospective (2001e2010), and part of it was prospective

(2011e2015). The study received the approval of the Research Ethics

Committee of Prı́ncipe de Asturias University Hospital (the coordi-

nating center of the PielenRed Consortium). Prospective patients or

their legal representatives gave written informed consent. For
Journal of Investigative Dermatology (2017), Volume 137
retrospective patients the Committee granted a waiver to the

informed consent under the commitment that data were fully ano-

nymized once extracted from clinical records. PIELenRed joined the

RegiSCAR group (RegiSCAR, 2017) in 2011, and some of the patients

included in this study are recorded in this international registry (see

codes in Supplementary Table S6 online).
Information collected

For retrospective cases, we collected the data from hospital charts.

For prospective cases, we retrieved the information from direct in-

terviews with patients and/or relatives as well as from hospital

charts. The information was included in standardized forms

(PIELenRed, 2015). For this study, we collected information on de-

mographic characteristics, clinical and biochemical parameters at

baseline (particularly those necessary to calculate SCORTEN),

comorbidities, treatment received during hospitalization, and infor-

mation on efficacy variables.
Case validation

Clinical data, pictures, and histological examinations for each pa-

tient were reviewed and validated by an expert committee (CGH,

OG, JGR, TB, VL) to establish the final diagnosis according to the

current classification criteria (Bastuji-Garin et al., 1993).
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Drug treatments

Once admitted to the BU, patients received CsA, IVIg, steroids, or no

specific treatment, according to the therapeutic protocol in each

hospital, in addition to the usual supportive care (Arévalo et al.,

2000). CsA was administered in UHG at an oral dose of 3 mg/kg/

day, or its equivalent by intravenous route (1 mg/kg/day), until

complete re-epithelialization and was then tapered off (10 mg/day

reduction every 48 hours). If no recurrence occurred, the drug was

then discontinued. Drug levels were not systematically monitored.

CsA was not omitted or discontinued in any patient, not even in

cases with suspected infection or secondary sepsis. IVIg was

administered in LPUH by continuous infusion at a dose of 0.75g/kg/

day for 4 days (total dose ¼ 3 g/kg) in patients with normal renal

function. A lower dose was used in patients with renal insufficiency.

A few patients in LPUH received steroid-only therapy with

prednisone-equivalent daily doses ranging from 37.5e100 mg for

9e12 days.

Efficacy variables

The principal efficacy variable was all-cause mortality during hos-

pitalization. We estimated the expected death rate for every patient

using SCORTEN at time of admission. For patients with missing data,

we applied a multiple imputation by chained equations models to

obtain imputed values (a full description of this method can be found

in the Supplementary Methods, including Supplementary Table S7

and Supplementary Figures S5, S6 online). For each missing value,

we computed the average value of 20 imputations. Additionally, we

used the auxiliary score, a simplified method proposed by Sekula

et al. (2013) when laboratory data are missing.

We also gathered information on three secondary efficacy

variables: (i) time to stabilization of BSA involvement, (ii) time to

re-epithelialization start, and (iii) time to complete re-

epithelialization (�90% of total BSA).

Statistical analysis

We first performed an ITT analysis in which we compared the

mortality risk of the UHG group with respect to that of LPUH group

and calculated its MRRITT. Then, we used hospital assignment as an

IV to estimate the effect of CsA on all-cause mortality as compared

with non-CsA therapies (IV analysis). This analysis keeps the ad-

vantages of ITT and additionally allows adjusting for incomplete

adherence to treatment. Both analyses (ITT and IV) were restricted to

patients living in Madrid, although we also performed a sensitivity

analysis including all patients. Because both outcome (all-cause

mortality) and exposure (CsA vs. non-CsA) were binary variables, we

used a bivariate probit model (Rassen et al., 2008) for the IV analysis

and calculated the marginal odds ratio (ORIV) (Vittinghoff et al.,

2012). The 95% CI of the ORIV was obtained by bias-corrected

bootstrap resampling with 1,000 repetitions (Vittinghoff et al.,

2012). The ORIVs and their respective 95% CIs were then con-

verted into MRRIVs (Hilbe, 2008). We also performed an ATanalysis,

in which patients treated with CsA (regardless of the hospital) were

compared with patients treated with non-CsA therapies to estimate

the crude ORAT. Additionally, we built a logistic regression model

and assessed in a step-forward manner the following variables as

potential confounding factors: sex, age, SCORTEN, time from first

symptoms to admission, total BSA involved, steroid use before

admission, and year of reaction (in three periods). We retained in the

model those factors that changed the association between treatment

and mortality by more than 10%. The crude and adjusted ORATwere
transformed into MRRAT (Hilbe, 2008). In a subanalysis, CsA was

compared with IVIg.

For the O/E analysis, all patients treated in the two BUs over the

study period were considered, regardless of the region they were

transferred from. For each treatment group we computed the MRROE.

The 95% CI of this measure was derived using the Fisher exact test,

similarly as for the standardized mortality ratio (Soe et al., 2016). In

cases of missing data for SCORTEN, we used imputed values,

although a sensitivity analysis was done with only patients with

complete data.

Results from secondary efficacy variables were expressed as mean

time � standard deviation and as the percentage of patients reaching

the goal on days 3 or 12 from the initiation of specific treatment.

Systematic review and meta-analysis

We performed an automatic search in PubMed and Embase for all

studies published up to October 2016, without language restriction,

using the following terms: [ciclosporin OR cyclosporin OR ciclo-

sporine OR cyclosporine] AND [toxic epidermal necrolysis OR

Stevens-Johnson Syndrome OR SJS OR epidermal necrolysis].

Additionally, we performed a manual search of the references pro-

vided in each article. We selected all studies that fulfilled the

following inclusion criteria: (i) report of at least four patients treated

with CsA, (ii) provide both the all-cause observed mortality and the

predicted mortality using SCORTEN at time of admission (or, alter-

natively, provide SCORTEN at time of admission for all patients), and

(iii) have at least one expected death. For each study, we calculated

the MRROE and its 95% CI. In studies with zero observed deaths, we

added a continuity correction factor of 1 to both the observed and

expected deaths to calculate a meaningful MRROE and its 95% CI.

Then, the pooled MRROE was estimated using a random effects

model. Heterogeneity was measured through the statistic I2. All re-

sults were graphically presented in a forest plot. Publication bias was

evaluated using both a funnel plot and the Egger test. The results

were reported following the Preferred Reporting Items for Systematic

Reviews and Meta-Analysis (PRISMA) guidelines (Liberati et al.,

2009). For different scenarios of expected mortality, we translated

the pooled MRR into absolute risk reductions (absolute risk

reduction ¼ expected mortality e [expected mortality � MRR]) and

then calculated the number needed to treat (number needed to

treat ¼ 1/absolute risk reduction).

All analyses were performed using Stata12 (StataCorp, College

Station, TX).
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