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Efficacy of plasmapheresis for the treatment of severe
toxic epidermal necrolysis: Is cytokine expression
analysis useful in predicting its therapeutic efficacy?

Yoko M. NARITA, Kazuhisa HIRAHARA, Yoshiko MIZUKAWA, Yoko KANO,
Tetsuo SHIOHARA

Departmient of Dermatology, Kyorin University, Tokyo, Japan

ABSTRACT

Toxic epidermal necrolysis (TEN) is a life-threatening, drug-induced disorder characterized by severe epidermal
injury. Although there is no standard therapeutic intervention in TEN, plasmapheresis (PP) is being used increasingly
to treat extremely ill TEN patients. In addition to conventional PP, double-filtration PP (DFPP) has been recently used
for severe and refractory TEN. In this review, we focus on the clinical usefulness of PP by both demonstrating three
cases of TEN refractory to conventional therapies, who were successfully treated with conventional PP or DFPP,

and evaluating its therapeutic efficiency. We also provide evidence to suggest the mechanisms of action of PP by
investigating the correlation between disease intensity and serum cytokine levels before and after treatment with PP
or DFPP in these patients with TEN. At present, PP is a much more effective option for treatment of severe and/or
recalcitrant TEN than any other treatment, such as pulsed corticosteroids and i.v. immunoglobulin.
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INTRODUCTION

Toxic epidermal necrolysis (TEN) is a rare life-threat-
ening, drug-induced disorder characterized by exten-
sive, full-thickness, epidermal necrosis and mucous
membrane involvement. The mortality rate is approxi-
mately 30%, most deaths being due to systemic
infection."® The most important prognostic factors
are age and the extent of skin detachment related to
body surface area: a severity-of-illness score for TEN
(SCORTEN) has been recently validated to verify the
predictive mortality in patients with TEN.®

Because drug-specific T cells are generally thought
to play an important role in initiating the death of epi-
dermal cells at the early stage of TEN, high doses of
systemic corticosteroids, i.v. immunoglobulins (IVIG)
and immunosuppressive drugs such as cyclophos-
phamide or cyclosporine have been used in the

corticosteroid, cytokine, double-filtration plasmapheresis, plasmapheresis, toxic epidermal necrolysis.

treatment of TEN with variable success.*® The
potential benefit of any specific treatment, however,
has not been established, because none of these
treatments have been evaluated in a prospective ran-
domized trial. Thus, their use remains highly contro-
versial and there is no standard intervention. Owing
to concern of increased risk of infections and gastro-
intestinal bleeding, and masking of early signs of sep-
sis, many physicians consider that protracted use of
high-dose corticosteroids should be avoided in TEN.
Therefore, there is a continuing search for another
safe and effective option for treatment of TEN refrac-
tory to conventional treatment modalities. In this
regard, dramatic and rapid improvement of clinical
symptoms has been reported to occur in severe and
refractory TEN patients treated with plasmapheresis
(PP).”® In addition to conventional PP, double-filtra-
tion PP (DFPP), in which high molecular proteins
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including inflammatory cytokines can be selectively
removed, has been recently used for severe and
refractory TEN in limited studies.® However, only
anecdotal experience is available to guide the choice
of which methods should be used for TEN. In this
review, we focus on the clinical usefulness of PP, by
both demonstrating three cases with TEN refractory
to conventional therapies, who were successfully
treated with conventional PP or DFPP, and compar-
ing the therapeutic efficacy. We also provide evi-
dence to indicate that depletion of pro-inflammatary
cytokines is one of the mechanisms whereby PP is
efficacious in TEN, by demonstrating our results of
serum cytokine levels in these patients before and
after treatment. Based on these findings, we discuss
novel intervention strategies for TEN.

PP AS AN INTERVENTION STRATEGY FOR
TEN

In PP, whole blood is withdrawn, plasma separated
from the cellular constituents is discarded and the
cellular constituents are reinfused back into the
patient, together with albumin or pooled plasma.? PP
has been thought to be a safe intervention in the more
severe form of TEN and can be used as an adjunct
treatment modality in selected patients, because
pathogenic, non-dialyzable factors such as pro-
inflammatory cytokines, autoantibodies, immune
complexes and other unknown toxic substances can
theoretically be removed from the circulation. PP con-
sists of conventional PP (plasma exchange), DFPP,
cryofiltration and immunoadsorption. Since Gerard
et al.'® reported the successful use of PP in the treat-
ment of TEN, 100 patients with TEN have been report-
edly treated with PP: 85 patients with conventional PP
and the remaining 15 patients with DFPP."'~"8 In view
of the reported observation that patients receiving PP
had more extensive skin detachment (mean, 58.8%)
than those receiving other treatment, the mortality rate
(17%) is thought to be reduced by PP. Seventeen
patients died of sepsis, disseminated intravascular
coagulation and anamnestic malignancy and heart
failure;® however, they were not necessarily elderly
patients who have been shown to be associated
with a poor prognosis.

In DFPP, two membrane filters with different pore
sizes are used to selectively remove high molecular
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weight proteins including pro-inflammatory cytokines
and pathogenic immune complexes. The pore size of
the filter employed for DFPP is theoretically sufficient
to remove high molecular weight proteins larger than
albumin (69 kDa) while those smaller than albumin
are retained in the circulation. Therefore, because
tumor necrosis factor (TNF)-x has a molecular weight
of 51 kDa, the DFPP procedure cannot theoretically
remove TNF-o and other unwanted inflammatory
substances including interferon (IFN)-y (50 kDa),
interleukin (IL)-1f (17 kDa), IL-6 (19-26 kDa) and solu-
ble Fas ligand (sFasl) (26 kDa). Indeed, our studies
showed that serum levels of pro-inflammatory cyto-
kines were dramatically increased after treatment
with DFPP or the next day, as described later. Never-
theless, because these cytokines could exist in a
larger size due to binding to proteins and multimer
forms in the circulation, some forms of these sub-
stances would be depleted even by the DFPP proce-
dure. In terms of clearance efficiency, the DFPP
procedure is unlikely to fulfill the purpose of selective
depletion of unwanted inflammatory substances
which had accumulated in patients (Fig. 1). In addi-
tion, even though selective depletion of these sub-
stances were sufficiently efficacious by choosing
appropriate filters with the pore size that allow selec-
tive depletion of these substances, the rebound of
cytokine synthesis typically observed in case 1, as
described later, would be an obstacle to progress
and the strategy to overcome the rebound synthesis
would be needed.
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Figure 1. Selective depletion of high molecular weight
proteins larger than albumin (69 kDa) including coagulation
factors, which depends on the pore size of the filter
employed for double-filtration plasmapheresis (DFPP).
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METHODS FOR PP

Conventional PP is performed by the use of a plasma
separator filter (Plasmaflo OP-05W; Asahikasei-Kura-
ray-Medical, Tokyo, Japan). On each exchange, 2 L
of plasma is usually removed; the total volume of
plasma removed is 4.0-6.0 L corresponding to
40 mL/kg of bodyweight. The replacement fluid con-
sists of 2 L of fresh frozen plasma (FFP) to supply lost
plasma including coagulation factors. The replace-
ment fluid and original blood cell component are
reconstituted and retumned to the patient. Vascular
access is obtained through the antecubital or femoral
vein with a double-lumen Quinton catheter (Teflex
Medical Japan, Tokyo, Japan).

In contrast, DFPP is performed with the use of
Plasmaflo (OP-08W; Asahikasei-Kuraray-Medical) as
the primary separation filter and Evaflax (2A20; Asahi-
kasei-Kuraray-Medical) as the secondary separation
filter; the second filter is used to selectively remove
high molecular weight proteins including inflamma-
tory cytokines. On each exchange, 1.8 L of plasma is
processed; the total volume of plasma is processed
is 3.6 L. The blood and plasma flow are approxi-
mately 100 mL/min. The processed plasma, replace-
ment solution and original blood cell components are
reconstituted and returned to the patient through the
antecubital or femoral vein; usually 250-500 mL of a
5-20% human albumin solution are used as the
replacement solution to supply the loss of albumin
(Fig. 2). The treatment lasts for 3-4 h and approxi-
mately 2.5L of plasma are removed from each
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Figure 2. Diagrammatic representation of the arrangement
of conventional plasmapheresis (PP) and double-filtration PP
(DFPP). FFP, fresh frozen plasma.
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patient. A second treatment session is usually initi-
ated 7 days after the first treatment if necessary.

OUR TREATMENT PROTOCOL

Patients usually receive one session consisting of two
plasma exchanges, on 2 consecutive days. In our
cases, medications taken before, during and after PP
consisted of oral prednisolone, 50 mg/day. If a patient
developed new lesions or skin and mucous mem-
brane lesions did not resolve, the patient received the
second session of two plasma exchanges at intervals
of 1 week. Concomitant prednisolone was not
tapered until the lesions had resolved and no new
lesions had appeared for 3 days.

CASE PRESENTATION

To demonstrate a promising effect of PP as a safe
and effective therapeutic option in the severe form of
TEN refractory to conventional treatment modalities,
three cases are shown together with one control case
treated with pulsed corticosteroids.

Case 1

A 69-year-old woman with asthma was treated with
montelukast sodium, codeine phosphate and pred-
nisolone, 40 mg/day on an as-needed basis. Her
medical and family history was unremarkable and she
had not taken any other medication. A generalized
skin eruption occurred 2 weeks after starting these
therapies. She was admitted to our hospital with the
generalized eruptions accompanied by high fever,
conjunctivitis and painful hemorrhagic oral erosions.
On admission, the trunk and limbs displayed wide-
spread dull red macules and atypical target lesions.
The eruption evolved into large areas of blistering with
extensive epidermal necrosis. On hospital day 2,
more than 70% loss of epidermis over the skin sur-
face was noted, with severe conjunctival and oral
involvement. Despite treatment with oral predniso-
lone (50 mg/day), the lesions rapidly extended over
the entire body. In view of her age and acutely deteri-
orated condition (Fig. 3a), she was treated with DFPP
for 2 days. Although the progression of blistering had
stopped (Fig. 3b), re-epithelization was delayed as
compared with that in cases 2 and 3. Nevertheless,
the patient’s condition began to improve 7 days after
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Figure 3. Clinical appearance 1 day before double-filtration
plasmapheresis (a) and 1 day after double-filtration plasma-
pheresis (b) in case 1.
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DFPP. The prednisolone dosage was gradually
tapered over 4 week.

Case 2

A 39-year-old woman was referred from another hos-
pital where she had been admitted with a presump-
tive diagnosis of TEN and treated with pulsed
corticosteroids (i.v. methylprednisolone at a daily
dose of 1 g for 3 days) and IVIG (15 g/day for 3 days)
without benefit. Despite these treatments, she devel-
oped dusky red patches, bullae and sloughing of the
skin which rapidly extended over the trunk and limbs
to involve more than 40% of her skin surface. Oph-
thalmological examination showed acute conjunctivi-
tis with corneal erosions. She was admitted to our
hospital on day 9 of the illness. On admission she had
tender oral ulcers and hemorrhagic crusts on her lips.
Four days later, the eruption intensified and re-epithe-
lization was delayed despite oral prednisolone at
50 mg/day. Conventional PP was started as a last
attempt to arrest the progression of her lesions. After
2 days, the progression of blistering with extensive
epidermal necrosis had stopped and rapid re-epithe-
lization occurred. Despite a course complicated by
sepsis due to Gram-negative bacillus, she rapidly
recovered within 7 days and is alive and well.

Case 3

A 48-year-old woman was referred to the Department
of Medicine in our hospital because of high fever,
severe cough and difficulty in breathing. On the day
of admission, the diagnosis of Mycoplasma pneumo-
niae respiratory infection was made and therapy was
then started with pulsed corticosteroids (i.v. methyl-
prednisolone at a daily dose of 1g for 3 days),
together with ciprofloxacin, ceftriaxone and azithro-
mycin. Intermittent positive-pressure breathing was
also immediately initiated. Treatment included main-
tenance i.v. fluid replacement and antipyretics. After
starting pulsed corticosteroids, her respiratory status
rapidly improved. During the period of 10 days after
pulsed corticosteroids, there was a complete
absence of any skin and mucosal lesion. Three days
after tapering her methylprednisolone to 80 mg/day,
she developed slightly edematous, symmetrical ery-
thema on the trunk that spontaneously resolved
within 2 days. The patient was placed on a gradually
reducing dose of prednisolone: a 3-5 day-tapered
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