REVIEW

URRENT
PINION

Monitoring the acute response in severe

hypersensitivity reactions to drugs

Tetsuo Shiohara®®, Yoshiko Mizukawa?®, and Yumi Aoyama®

Purpose of review

Severe adverse drug reactions (ADRs) including Stevens—Johnson syndrome (SJS)/toxic epidermal
necrolysis (TEN) and drug-induced hypersensitivity syndrome (DiHS)/drug reaction with eosinophilia and
systemic symptoms (DRESS) are acute lifethreatening conditions. There is the urgent need for reliable,
noninvasive and standardized laboratory tests for identifying patients at higher risk of developing severe

ADRs.

Recent findings

Although previous studies demonstrated the pathogenic role of TNF-«, IFN-y, IL-10, perforin/granzyme B,
Fas L and granulysin in the development of severe ADRs, there have been no biomarkers predicting
progression to severe ADRs. We, therefore, measured serum levels of cytokines/chemokines as well as
other biological markers in patients who presented with clinical symptoms suggestive of ADRs at their initial
presentation. The results show that sFas L represents a useful early biomarker that can predict the
subsequent progression to TEN, but not SJS, particularly when combined with the increase in IL-6 and IP-
10. The increased levels of IL-6 and IP-10 are reliable biomarkers predictive of the progression to severe

ADRs, such as SJS/TEN and DiHS/DRESS.

Summary

The use of a combination of several early biomarkers, although not sufficiently sensitive or specific on its
own when used alone, could increase the diagnostic and prognostic utility for the prediction of severe

ADRs.
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Although severe adverse drug reactions (ADRs) are
uncommon, these reactions can occur in anyone
who takes drugs: the list of drugs causing severe
ADRs in susceptible individuals is constantly grow-
ing. Among severe ADRs, the most serious and
potentially life-threatening ADRs are Stevens—John-
Johnson syndrome (S]S)/toxic epidermal necrolysis
(TEN) and drug-induced hypersensitivity syndrome
(DiHS)/drug reaction with eosinophilia and
systemic symptoms (DRESS). Because these severe
ADRs initially present with a wide variety of clinical
manifestations and the clinical course and pattern
are unpredictable, it is quite difficult to label
cutaneous lesions as severe ADRs in the early stage
of disease before clinical signs compatible with
severe ADRs develop. Indeed, the diagnosis of severe
ADRs relies almost entirely on the presence of
clinical symptoms and histopathological findings
of the involved target organs, and there are no
currently used laboratory tests that can predict
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the risk of developing severe ADRs. Thus, there is
the urgent need for reliable laboratory tests for
identifying patients at higher risk of developing
severe ADRS. Another diagnostic dilemma is deter-
mining whether eruptions occurring during viral or
bacterial infections could be the result of medi-
cations or the infection itself. In this regard, Yoon
et al. [1] reported that procalcitonin levels were
preferentially increased in patients with bacterial
infection, but not in those with delayed-type drug
hypersensitivity. Thus, monitoring procalcitonin
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KEY POINTS

e The increase in serum sFas L, Il-6 and IP-10 at the
initial presentation represents a useful early biomarker
that can predict the subsequent progression to TEN, but
not SJS.

e The increased levels of IFN-y, Il-7 and IL-10 at the
initial presentation may be a useful predictor of SJS
patients who will not progress to TEN.

o |dentifying patients with a high risk of subsequently
progressing to severe ADRS by the use of a
combination of several early biomarkers is relevant for
clinical decision-making.

levels can help clinicians distinguish ADRs from
bacterial infections, although this biomarker has
not been validated in a blind manner using samples
from different institutions.

This review discusses profiling the most clini-
cally relevant biomarkers of severe ADRs for discov-
ering safe and effective treatment modality to
reduce morbidity and mortality that might be more
effective if introduced early.

Because severe ADRs are considered to be T-cell-
mediated [2,3], a number of previous studies inves-
tigated whether cytokines/chemokines released
from activated T cells and other immune cells could
play a Kkey role in the development of these severe
ADRs. Because cytokine/chemokine production and
release are a complex and tightly controlled and
sequentially orchestrated process, it is possible that
cascades of cytokines/chemokines initially respon-
sible for the development of inflammatory
responses could later be not involved or alterna-
tively involved in the resolution process, more likely
is the combinatorial and sequential involvement of
different sets of cytokines and soluble mediators,
one or the other being more dominant at particular
stages in the disease process.

Fixed drug eruption (FDE) is thought to be a
simplified disease model for elucidating the mech-
anism(s) of how skin inflammation is induced by
skin-resident T cells in severe ADRs [4,5]. A compli-
cated multistep process from the initiation of
inflammatory responses to eventual tissue damage
observed in severe ADR lesions could be examined
in sequence by following the evolution of individual
FDE lesions after clinical challenge with the causa-
tive drug, because in this entity controlled
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administration is safe and is still the most reliable
method for establishing the causative drug in FDE
[6]. The similarity between SJS/TEN and FDE,
particularly the generalized form of FDE, in clinical
features and histologic patterns has been proposed
by several authors [7-9].

We, therefore, asked whether sequential cyto-
kine measurements after clinical challenge in
patients with the generalized form of FDE clinically
and histologically mimicking SJS/TEN could provide
the unique opportunity of following the evolution
of drug-induced immune responses that may other-
wise result in the development of SJS/TEN. Because
our previous unpublished studies showed that cyto-
kine/chemokine levels have returned to normal
1 month after clinical resolution, we analyzed the
serum levels of cytokine/chemokines before and
after challenge in patients with the generalized form
of FDE who were challenged with the causative drug
more than 1 month after clinical resolution. Such
generalized form of FDE could be analyzed as a
single disease process occurring early in the disease
course of severe ADRs because mechanisms involved
in drug-induced T-cell activation start as soon as the
causative drug is administered. We expected that
biomarkers involved in various stages of drug-
induced immune responses will be identified that
correlate with clinical or subclinical symptoms.

As shown in Table 1 [7], serum TNF-a and IL-8
levels were elevated dramatically at 3 h after clinical
challenge, the earliest time point we examined, at
which time slight erythema appeared as the initial
symptoms [10]. The marked elevation of TNF-a and
IL-8 levels was associated with an onset of a low
fever, but not with abnormal laboratory findings,
such as elevated C-reative protein (CRP) and eryth-
rocyte sedimentation rate (ESR). The levels of TNF-a
reached its maximum at 5.5h and remained elev-
ated at 5.5-9 h, whereas the IL-8 levels peaked at 3h
and decreased thereafter. The decrease in the IL-8
levels at 5.5 and 7h was associated with the
elevation in the IL-6 and IL-10 levels; circulating
IL-10 was first detected at 5.5h, peaked at 7h and
decreased thereafter. A gradual increase in the [FN-y
levels was observed at 3-9 h; but the IFN-vy levels
after clinical challenge did not reach those observed
on her first presentation (data not shown), probably
because of systemic prednisone given at 9 and 12h
that may have prevented further production of
IFN-y. Of note was our observation that IL-10 levels
were first detected at 5.5h after challenge, at the
time when circulating proinflammatory cytokine
(ITNF-o, IL-6 and IL-8) levels began to decrease,
and the IL-10 levels at various time points showed
a clear-cut inverse relationship with the correspond-
ing TNF-«, IL-6 and IL-8 levels. In view of the action
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Table 1. Serum cytokine levels before and after clinical challenge in a patient with generalized fixed drug eruption (modified

from the data presented in reference [7])

TNF-o (pg/ml) IFN-y (IU/ml) IL-10 (pg/ml) IL-8 (pg/ml) IL-6 (pg/ml) IL-4 (pg/ml)
Before challenge 21.5 <0.03 <1.4 7.0 <6.3 <4.9
3h 130.0 0.03 <1.4 76.0 <6.3 7.0
5.5h 135.0 1.00 170.0 33.0 85.8 <4.9
7h 115.0 1.65 245.0 27.0 160.5 <4.9
9he 115.0 3.20 138.0 54.0 166.5 <4.9
24hP <5.5 1.10 <1.4 <3.0 <6.3 <4.9

“Before administration of systemic corficosteroids.
B16h after administration of systemic corticosteroids.

of IL-10 on immune responses [10-13], elevated
levels of serum IL-10 during the development of
ADRs could reflect an appropriate response that
serves to protect tissues from destructive auto-
immune attack by activated tissue-resident T cells
[4,5] and the relative balance between IL-10 and
proinflammatory cytokines in a disease tissue would
influence whether the inflammation progresses to
the life-threatening outcome (severe ADRs) or is
suppressed (FDE). If so, the levels of IL-10 may have
prognostic value in the setting of ADRs. Indeed, our
unpublished observation indicates that serum IL-10
levels were never elevated despite dramatic increases
in proinflammatory cytokine levels in a patient with
TEN who resulted in the fatal outcome. Contrary to
this finding, however, recent studies have demon-
strated that increased serum IL-10 levels can also be
detected in patients with TEN [14]. In this regard, we
found that IL-10 was not elevated in association
with progression to TEN, as described later. Another
important factor is the timing of IL-10 production,
which can determine the outcome of drug-induced
immune responses. Thus, our data provide one
potential explanation for why drug-induced
immune responses in the generalized form of FDE
resolve spontaneously upon discontinuation of the
causal drug despite the clinical and histological
resemblance to TEN: whether IL-10 can be produced
at a relatively early time point after drug introduc-
tion may determine whether the patient has self-
limited FDE or progress into TEN. It is apparent,
however, that measurements of single cytokine are
not sufficiently sensitive on its own for identifying
patients at higher risk of severe ADRs.

Although numerous previous studies [15-24] dem-
onstrated the pathogenic role of soluble mediators
including cytokines/chemokines secreted by
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different immune cells including TNF-«, IFN-y, IL-
10, perforin/granzyme B, Fas L and granulysin, there
are few biomarkers or prognostic tests available to
predict disease progression that can be used in
clinical routine for diagnosis and to monitor
patients with ADRs. In this regard, the simultaneous
use of these biomarkers may increase specificity and
sensitivity as a diagnostic tool. We, therefore, deter-
mined serum levels of various cytokines/chemo-
kines in patients with various types of ADRs at
their initial presentation before the appearance of
typical clinical symptoms. We sought to elucidate a
characteristic cytokine profile associated with each
clinical phenotype and possibly linked to the patho-
genesis, because thus far no studies have addressed
cytokine/chemokine profiles predictive of pro-
gression to severe ADRs in patients with ADRs at
their initial presentation before treatment.

Because we sought to determine which combi-
nation of cytokines/chemokines could identify
patients who eventually progressed to severe ADRs,
serum samples were obtained from patients who
were initially presented with clinical symptoms sug-
gestive of ADRs or viral infections and were even-
tually diagnosed as the following six categories: SJS,
TEN, DiHS/DRESS, generalized FDE, maculopapular
ADR and viral exanthema: excluded were patients
who had received systemic corticosteroids before
the initial presentation. Diagnosis of each pheno-
type was made at later times based on their criteria.

As shown in Fig. 1, the IL-6 and IP-10 levels were
significantly higher in SJS/TEN and DiHS patients,
in particular those in TEN were the highest: they
may reflect the severity of the disease (Mizukawa Y
et al. article submitted). The IL-16 levels were sig-
nificantly increased in FDE, SJS and DiHS/DRESS
patients, but not in TEN patients. These results
clearly indicate that increased levels of IL-6 and
IP-10 in sera are reliable biomarkers predictive of
the progression to severe ADRs such as SJS/TEN and
probably DiHS/DRESS. Because increased IL-6 and
interferon gamma-induced protein 10 (IP-10) levels
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Increased cytokine/chemokines in sera of
patients with adverse drug reactions and viral exanthem at
their initial presentation before typical clinical symptoms
develop. Each symbol represents the magnitude of
alterations of cytokine/chemokine levels in patients when
compared with the mean cytokine/chemokine levels in
healthy controls. Double ‘increase’ or ‘decrease’ symbol
indicates a profound increase or decrease. Single ‘increase’
or ‘decrease’ symbol indicates an increase or decrease.
Woavy lines represent no significant alterations. Slanting
‘increase’ represents a slight increase. N.D., not done.

apparently preceded the appearance of the full-
blown pictures by days, these cytokines could serve
as both a diagnostic and a predictive tool in
monitoring patients with ADRs. These findings
suggest that both IL-6 and IP-10 might be involved
in the early event required for the development of
severe ADRs but may not be unique to each clinical
phenotype as late events; although SJS/TEN and
DiHS/DRESS represent opposite ends of severe ADRs,
they may share important common pathophysio-
logic processes. Although additional studies are
needed to determine whether IL-6 and IP-10 act
synergistically or independently, serum IL-6 and
IP-10 levels at the initial presentation could be
promising surrogate biomarkers for predicting dis-
ease progression to severe ADRs. Similar tendency
was also observed in the IL-8 and granulocyte-col-
ony stimulating factor (G-CSF) levels: increased
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levels of IL-6, IL-8, G-CSF and IP-10 may reflect
the severity of the disease, indicating an injurious
outcome.

Importantly, serum sFas L levels at the initial
presentation were the highest in TEN patients who
subsequently progressed to TEN, but not to §JS.
Although sFas L [18-22] and granulysin [23,24] have
been implicated in the pathological process of SJS/
TEN, these findings suggest that sFas L represents a
useful early biomarker that can predict the sub-
sequent progression to TEN, but not SJS, particularly
when combined with the increase in serum IL-6 and
IP-10 levels (Fig. 2). Because TEN has been placed in
the same disease category with SJS, we were sur-
prised to find a highly significant difference in the
sFas L level between SJS and TEN at the earliest stage.
Thus, serum sFas L levels at the initial presentation
can be used for effectively distinguishing patients at
the risk of subsequently developing TEN from
patients with SJS.

Surprisingly, the IL-17 level was significantly
increased in patients with viral exanthema but
not in these severe ADRs and rather decreased in
DiHS/DERESS patients, although there was no stat-
istically significant difference among these ADRs
groups. Although IL-17 has been implicated in the
pathogenesis of inflammatory and autoimmune dis-
eases [25,26], we did not detect a correlation with
the serum level and the disease phenotype of ADRs.
This was an unexpected finding because it has been
reported that IL-17 expression was increased in TEN
and its level correlated with clinical severity of the
disease [27]. This could be explained by the fact that
the first measurement of cytokine levels in our
cohort was performed at the earliest time point,
3-7 days after onset, whereas previous studies
measured samples that were taken at later time
points (usually 2 weeks after onset), even after start-
ing therapy. In view of our finding that the IL-17
levels rather increased after starting treatment with
corticosteroids, increased IL-17 levels that had been
previously reported in TEN may have resulted from a
possible delay in taking serum samples during the
disease course. Alternatively, it is tempting to specu-
late that increased serum IL-17 levels during the
course of the disease may serve to prevent pro-
gression to severe ADRs and may be bifunctional
depending on other cytokine levels.

Unlike other Th1-type cytokines, the IL-2 level
appeared to be the opposite of what would be
expected if increased production were simply a
Thl-type response: the IL-2 level was the highest
in FDE, a milder form of ADRs, whereas the increase
was not observed in other ADRs. If this finding can
be validated, high IL-2 levels could be interpreted as
increased IL-2 levels being early biomarkers
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Combinations of multiple early biomarkers useful for predicting progression to severe ADRs. A light area indicates
increased cytokines/chemokines in each type of severe ADRs. A dark area indicates decreased cytokines/chemokines. ADRs,

adverse drug reactions.

predictive of beneficial outcomes: the IL-2 levels,
particularly when combined with increased IL-16
levels, may predict better prognosis. To determine
the physiologically relevant source of IL-16, we have
recently analyzed skin lesions of severe ADRs, SJS/
TEN, by using immunohistochemistry with anti-1L-
16 and antitryptase antibodies. The results show
that expression of IL-16 was colocalized with tryp-
tase-positive mast cells (Mizukawa Y et al. article
submitted). Because accumulation of IL-16-positive
mast cells beneath the epidermis was preferentially
observed in the vicinity of Foxp3™ regulatory T cells
(Tregs) in FDE lesions, but not in SJS/TEN lesions, a
likely interpretation of these observations, in con-
sideration of the data presented here, is that mast
cells residing in the FDE lesions represent a major
source of IL-16 in the setting of ADRs and that mast
cells contribute to the resolution of ADR lesions by
recruiting Tregs through the release of IL-16. This
emphasizes the importance of Tregs as a negative
regulator of TEN [28"%,29%,30]. Interestingly, the
IL-16 levels were significantly increased not only
in FDE and SJS, but also in DiHS/DRESS patients,
but not in TEN patients.

Contrary to our initial expectation, increased
IL-10 levels were observed in SJS and DiHS/DRESS,
but not in TEN. Because IL-10 generally acts as an
immunosupression during inflammatory diseases
[11,12], the serum IL-10 level was initially thought
to be associated with milder forms of ADRs. How-
ever, the increase was associated with the develop-
ment of severe ADRs. Nevertheless, one surprising
finding was that serum IL-10 levels in S]S were much
higher than those in TEN despite clinical similarities
between the two diseases. Our data could be inter-
preted as an indication that increased IL-10 levels
associated with increased levels of IL-2, IL-5 and
IFN-vy at the initial presentation may be a useful
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predictor of SJS patients who will not progress to
TEN: alternatively, relatively low levels of IL-10
associated with increased IL-6 and IP-10 levels could
be interpreted as suggesting the subsequent pro-
gression to TEN.

As systemic corticosteroids are recommended
for the treatment of many ADRs, and could have
a significant impact on the levels of these bio-
markers’ levels, it is important to determine to what
extent these markers could be influenced by the
systemic corticosteroids and the treatment out-
comes. However, although our preliminary findings
indicate that many of these biomarkers were pro-
foundly decreased in ADR patients after starting
systemic corticosteroids, it would be premature to
conclude which biomarkers could be prospectively
used for predicting patients’ clinical response to
systemic corticosteroids before starting treatment
with oral prednisolone. Despite it being well recog-
nized that skin biopsies are also of value for diag-
nosing severe ADRs at the earliest stage of the
disease, measurements of these biomarkers, rather
than biopsy samples, are more practical, noninva-
sive and easily repeatable approaches for identifying
patients at risk of progressing to severe ADRs and
those who may respond to treatment. This is
because a biopsy sample only represents a ‘snapshot’
during the dynamic process and time course of the
ADR as it progresses. An important limitation of the
present study was the relatively small number of
samples from patients with severe ADRs that were
available for our analysis, especially, because
samples from patients who had received systemic
corticosteroids before their initial presentation were
excluded from this study and those from patients
who had been complicated by apparent bacterial
and viral infections at the initial presentation were
also excluded. Thus, this limitation needs to be
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taken into account when drawing conclusions from
the data presented.

The use of a combination of several early bio-
markers, although not sufficiently sensitive or
specific on its own when used alone, could increase
the diagnostic and prognostic utility for the predic-
tion of severe ADRs before typical clinical symptoms
develop. These biomarkers also provide information
on the clinical course of the disease to distinguish
patients destined to have beneficial outcomes from
those who will have poor outcomes. Identifying
patients with a high risk of subsequently progressing
to severe ADRs by such a noninvasive method is
relevant for clinical decision-making, as these
patients may benefit from timely and selective
therapeutic interventions. These biomarkers may
represent novel therapeutic targets that could be
inhibited by future anticytokine treatment. The
findings presented here provide the theoretical basis
for the use of various biologicals for control of the
evolution of severe ADRs, for which no specific
therapy has received wide acceptance as the best
evidence-based therapy in patients with severe ADRs
to date. This search should be more widely validated
to assess the exact sensitivity and specificity of these
measurements in a larger, independent, prospective,
multicenter study. This should include samples
from patients with other inflammatory diseases
other than ADRs, because of the rarity of severe
ADREs.
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