
Letters to the Editor
Rapid resolution of toxic epidermal necrolysis
with anti-TNF-a treatment

To the Editor:
Toxic epidermal necrolysis (TEN) is a rare, life-threat-

ening, adverse drug reaction characterized by widespread
apoptosis and detachment of the epidermis. It is associated
with a high mortality rate of about 30%. Various drugs
have been reported to induce TEN (eg, antibiotics, anti-

convulsants, and nonsteroidal anti-inflammatory drugs).
The optimal treatment modality is still highly debated. On
the basis of recent reports, the beneficial effect of intra-
venous immunoglobulin1 has been challenged.2

The cytokine TNF-a exerts potent proinflammatory
effects in protective immune responses against a variety
of infectious agents. On a cellular level, TNF-a might re-
sult in cell death caused by direct cytotoxicity and induc-
tion of apoptosis. Neutralization of TNF-a has been shown

to be effective in noninfectious inflammatory disorders,
such as Crohn’s disease, rheumatoid arthritis, and psori-
asis.3 In patients with TEN, TNF-a is strongly expressed
in keratinocytes and macorphages4 of lesional skin, and

high concentrations are found in cutaneous blister fluid.5

Thus far, just one patient with cotrimoxazol-induced
TEN has been reported to benefit from anti-TNF-a treat-
ment.6 With this background, we initiated a therapy with
anti-TNF-a antibodies (infliximab) in a 69-year-old

woman who was admitted to our clinic with skin detach-
ment rapidly evolving within the previous 24 hours.
Before admission, the patient had been treatedwith various
drugs. During the last 2 years, she was occasionally taking
diclofenac for headache, with the last time being 2 days be-

fore admission. Acitretin therapy for the last 1½ years for
pustular psoriasis was stopped 3 weeks before admission.
In addition, she had been taking thyroxine for 1 year and
propranolol for 3 months for hypothyroidism and arterial

hypertension, respectively. The clinical picture with wide-
spread detachment of the epidermis (>30% body surface
area) and positive Nikolski sign (Fig 1), as well as the his-
tologic findings with apoptotic keratinocytes (data not
shown), were typical for TEN. Lymphocyte proliferation

assay results were positive for diclofenac (maximum
stimulatory index of 2.1) but negative for thyroxine, pro-
pranolol, and acitretin (maximum stimulatory indices
of 1.6, 0.8, and 1.2, respectively). Control lymphocyte
proliferation assay results with diclofenac were negative
in nonsensitized individuals. These results, together with
the fact that acitretin was readministered 2 months later
without recurrence of TEN, indicates that diclofenac
most probably was the culprit drug. Patients with TEN
have been shown to have increased serum levels of soluble
Fas ligand (sFasL).1 We therefore determined this marker
to confirmour diagnosis of TEN.By usingmultiplex beads
coated with anti-FasL antibody (R&D Systems Inc,
Minneapolis, Minn), the serum levels of sFasL were de-
termined. Until day 9 after infliximab infusion, serum sam-
ples from our patient showed increased levels of sFasL
(maximum, 73 pg/mL); on day 15 the serum level of
sFasL was less than the detection limit (<8 pg/mL). In a
control experiment with serum from a patient with gener-
alized pustular psoriasis, the serum levels of sFasL were
less than the detection limit.

On admission, all medications were stopped. Three
days after the initial symptoms and after exclusion of an
infectious disease, the patient received one single infusion
of 5 mg/kg body weight of infliximab (Remicade; Essex
Chemie, Luzern, Switzerland). Epidermal detachment
stopped within 24 hours, and after 5 days, re-epithelial-
ization was almost complete (Fig 1). This is clearly faster
than the reported clinical response time of 2.16 0.8 days
after intravenous immunoglobulin therapy.7

To further assess the role of TNF-a in tissue destruction
of TEN, we examined TNF-a expression in the skin in the
course of anti-TNF-a therapy. Early lesions (ie, red skin
areas without clinical signs of detachment) were analyzed
with monoclonal mouse anti-human TNF-a antibody
(Alexis Corp, San Diego, Calif). Tissue sections before
anti-TNF-a therapy showed strong immunoreactivity for
TNF-a in the keratinocytes of the outer necrobiotic parts
of the epidermis and also in scattered basal and suprabasal
keratinocytes (Fig 2). Furthermore, TNF-a was also
strongly expressed in perivascular inflammatory cells in
the dermis and in inflammatory cells infiltrating the
epidermis. Twenty-four hours after anti-TNF-a therapy,
immunoreactivity for TNF-a was markedly decreased in
lesional skin, reaching even lower levels than in normal
skin samples. In correlation with protein immunoreactiv-
ity, TNFAmRNA expression dramatically decreased after
anti-TNF-a therapy, decreasing to less than the TNFA
mRNA levels in normal human skin (Fig 2, D). To this
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FIG 1. A, Erythema and widespread detachment of the epidermis before therapy. B, Details of the epidermal

detachment. C, Two days after intravenous anti-TNF-a therapy, skin detachment has completely stopped, and

erythema is fading. D, Six days after therapy, there is almost complete re-epithelialization.
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FIG 2. TNF-a expression in situ. Cryostat sections of patient’s lesional skin before (A) and 24 hours after

(B) treatment with anti-TNF antibody (infliximab) and of a healthy control subject (C) were stained

with monoclonal mouse anti-human TNF-a antibody. Arrows in Fig 2, A, indicate high TNF-a expression

in the epidermis and dermis. D, TNFA mRNA expression was quantified before and after TNF-a treatment

and as a control in normal skin.
Nebulizer output for methacholine challenges
with the KoKo Digidoser

To the Editor:
Unrecognized variation in nebulizer output can affect

the results of bronchoprovocation tests1 because the ap-
parent provocational concentration of bronchoconstrictor
causing a 20% decrease in FEV1 (PC20) might be different
from the true value. Accordingly, the American Thoracic
Society (ATS) guidelines for methacholine challenge
tests recommends that the output of a nebulizer be deter-
mined before it is placed into service and periodically
thereafter.2 For the 5-breath dosimeter method, the guide-
line recommends that the nebulizer be calibrated to deliver
9mL per 0.6-second actuation (equivalent to 0.9006 0.09
mL/min). We attempted to follow this guideline for the
KoKo Digidoser (model no. 323200; Ferraris Respiratory,
Louisville, Colo) and found that the nebulizer output was
low and could not be calibrated to meet this requirement.

The KoKo Digidoser is a commonly used dosimeter
in the United States for methacholine challenges. It is an
all-in-one system combining spirometer and dosimeter
in one handheld unit connected by a cable to a computer
containing the challenge software (Fig 1, upper panel).
end, total RNA was extracted from skin biopsy specimens
with Trizol reagent (Invitrogen, Carlsbad, Calif). TNFA
mRNA was quantified by using a TNF-alpha TaqMan
gene expression assay on a 7300 Real Time PCR System
(Applied Biosystems, Foster City, Calif), according to the
manufacturer’s indications. This reduction of TNF-a ex-
pression on the mRNA and protein level was paralleled
by a dramatic recovery from erythema and a complete
stop of epidermal detachment. It is highly interesting
that neutralization of the cytokine TNF also downregu-
lates its mRNA production. TNF-a is first produced as a
transmembrane protein with an intracellular tail. Mem-
brane-bound TNF-a is secreted by cleavage of the extra-
cellular part by metalloproteinases. Infliximab has been
shown to bind to soluble and membrane-bound TNF-a
and in addition to induce apoptosis of TNF-a–producing
cells, especially of activated T cells.8

The rapid resolution of skin lesions inTENafter systemic
anti-TNF-a therapy with infliximab opens new perspec-
tives for the treatment of this rare but life-threatening
condition and strongly supports the hypothesis that
TNF-a produced by keratinocytes, as well as monocytes-
macrophages, is significantly involved in the tissuedamage.
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