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Abstract

Background In contrast to the classic frequently seen
drug eruptions, the rare severe drug reactions such as
acute generalized exanthematous pustulosis (AGEP),
erythema multiforme (EM), Stevens-Johnson syn-
drome (S]S), toxic epidermal necrolysis (TEN, Lyell’s
syndrome), and drug reaction with eosinophilia and
systemic symptoms (DRESS) are frequently associ-
ated with increased mortality. Neither their acute
management nor their further allergy diagnostic test-
ing to avoid re-exposure and enable restriction of
substances prohibited due to the event are standard-
ized.

Materials and methods The management of severe
adverse drug reactions was investigated in a 10-year
monocentric retrospective study.

Results TEN (43.5%) and EM (29.0%) were the two
most common subtypes of severe adverse drug re-
actions, while AGEP (3.2%), SJS (6.5%), and DRESS
(17.7%) were less frequent. The acute management
of 62 patients with severe adverse drug reactions was
generally performed using systemic glucocorticoids
(58.1%) or as a combination therapy consisting of
glucocorticoids and intravenous immunoglobulins
(IVIG, 41.9%), which were usually used in severe
clinical courses. The most commonly suspected trig-
gers were beta-lactam antibiotics (28.8%), followed
by metamizole (19.4%) and sulfonamide antibiotics
(17.7%).

Conclusion Due to the rarity and heterogeneity of this
patient population, there is scant reliable data on the
systemic treatment of SJS/TEN. Therefore, whether it
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confers an evident benefit remains unclear. Although
the allergy diagnostic testing of severe adverse drug
reactions is complex, it is often able to yield important
insights and should be performed.
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Abbreviations

AGEP Acute generalized exanthematous pustulosis

CsA Cyclosporine A

DRESS Drug reaction with eosinophilia and systemic
symptoms

EM Erythema multiforme

GC Glucocorticoids

IgE Immunoglobulin E

IVIG  Intravenous immunoglobulins
LIT Lymphocyte transformation test
SIS Stevens-Johnson syndrome

TEN  Toxic epidermal necrolysis (Lyell’s syndrome)
ADR  Adverse drug reactions
Background

Adverse drug reactions (ADR) are defined as harmful
reactions in which a link between the drug effect and
the adverse reaction is suspected. These are divided
into type A and type B reactions. Type A reactions
are predictable, dose-dependent, non-immunologi-
cal, mostly pharmacologically toxic reactions. These
type A reactions account for the majority of ADR.
Type B reactions are unusual, strictly individual, and
unpredictable reactions. They can be further subdi-
vided into immunological and non-immunological
reactions. Non-immunological type B reactions may
cause symptoms similar to those of immunological
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type B reactions, but are based on metabolic disor-
ders or non-specific mast cell activation [1]. In clinical
routine, one speaks of intolerance or pseudoallergies,
for example analgesic intolerance.

Four types of immunological type B reactions are
distinguished according to Coombs and Gell (1963)
[2]. The most common immunologically mediated
ADR are IgE-mediated type I allergies, induced by the
immediate-type reaction, and the cellularly mediated
type IV allergy, induced by the late-type reaction.

In addition to anaphylactic shock, which is the
most severe form of type I allergy, severe ADR of the
skin are especially feared. These include:

e AGEP (acute generalized exanthematous pustulo-
sis)

e SJS (Stevens-Johnson syndrome)

TEN (toxic epidermal necrolysis, Lyell’s syndrome)

e DRESS syndrome (drug reaction with eosinophilia
and systemic symptoms)

e Drug-induced EM (erythema multiforme)

AGEP causes generalized, non-follicular pustulosis on
livid red erythema a few hours to several days fol-
lowing allergen exposure. The exanthema is often
accompanied by fever and pronounced leukocytosis
and neutrophilia. The most common triggers include
antibiotics such as aminopenicillins, quinolones, and
sulfonamides, as well as the antimalarial drug chloro-
quine and the calcium antagonist diltiazem [3]. Its
clinical and histological differentiation from general-
ized pustular psoriasis is often challenging.

SJS and TEN are regarded as entities with different
forms. SJS is a common truncal exanthema with atyp-
ical rosette-like lesions, as well as macular and hem-
orrhagic, erosive mucosal involvement. By definition,
less than 10% of the body surface area is affected by
epidermal detachment [4]. TEN presents as general-
ized, confluent exanthema accompanied by fever and
a worsening of the patient’s general condition, with
blistering, epidermal detachment, and mucosal ero-
sion. Epidermal detachment affects more than 30% of
the body surface area. In the case of 10-30% epider-
mal detachment, one refers to overlap SJS/TEN [4].
Sulfonamides, in particular cotrimoxazole and allop-
urinol, as well as various antiepileptic drugs [5], often
with extremely long latency from first exposure, are
the most common triggers.

DRESS syndrome is a generalized cutaneous re-
action occurring 2-6 weeks following first use of
a drug. In contrast to usual drug eruptions, hemato-
logical symptoms are also seen (eosinophilia, atypical
lymphocytosis), as well as a systemic reaction (lym-
phadenopathy, fever, fatigue, and organ involvement).
The most common triggers include allopurinol and
antiepileptic drugs [6].

EM is a pronounced cutaneous reaction of acute
onset comprising typical rosette-like lesions, some ex-
hibiting central pallor and, in the majus type, mucosal
involvement (erythema multiforme majus, EMM). It

is usually triggered by viral infections, in particular
herpes simplex type 1, but may also be triggered by
medication use.

Severe ADR are rare but often life-threatening
events. In most cases, affected patients require acute
inpatient systemic therapy. Since not only the acute
management but also the allergy diagnostic work-up
of patients with ADR are the subject of controversy,
the acute management, as well as the value of allergy
testing in patients with histologically confirmed EM,
TEN, SJS, DRESS, or AGEP were evaluated retrospec-
tively.

Materials and methods

Histologically confirmed severe ADR treated between
1 January 2006 and 31 December 2016 at the Depart-
ment of Dermatology, Tiibingen University Hospital,
Germany, were included in this retrospective statisti-
cal analysis. To this end, the histological database was
searched for the terms “EM,” “SJS,” “TEN,” “AGEP”
“DRESS,” and “bullous drug reaction.” The parame-
ters age, gender, secondary diagnoses (classified into
“no disease,” “immunosuppression/cancer,” “cardio-
vascular diseases,” “autoimmune diseases,” “other
diseases”), primary treatment, substitution of sus-
pected drugs, herpes simplex virus diagnosis, prohib-
ited drugs or substance classes, further allergy testing,
and the issuing of an allergy pass were determined
from electronic medical records. The diagnosis of
histopathological findings was compared with the
clinical diagnosis in the medical report and a final di-
agnosis was established. Data analysis was performed
using Microsoft Excel 2016.

Histologically, EM is identical to SJS and is often dif-
ficult to distinguish from TEN. It usually occurs para-
infectiously. However, in order to avoid overlooking
drug-related EM, it is advisable to perform allergy test-
ing in those patients in whom a drug could be causal.

Results
Patient collective

During the study period, 62 severe ADR were histopa-
thologically confirmed in the Department of Der-
matology, Tiibingen University Hospital, Germany.
Patient ages ranged from 21 to 93 years (mean,
60.6 years; standard deviation 20.8 years). Of these
62 patients, 35 were female (56.5%) and 27 male
(43.5%). Seven patients had no other secondary
diagnoses (11.3%) and 18 patients were immuno-
suppressed, e.g., due to cancer or pharmacological
immunosuppressive therapy (29.0%). In all, 22 pa-
tients (35.5%) had cardiovascular diseases, 9 patients
(14.5%) had autoimmune disorders, and 50 patients
(80.6%) had disorders that could not be attributed to
the aforementioned entities, such as mental illness
and orthopedic or infectious diseases.
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Fig. 1 The distribution of severe drug reactions according to
individual diagnoses in absolute numbers. AGEP acute gener-
alized exanthematous pustulosis, DRESS drug reaction with
eosinophilia and systemic symptoms, EM erythema multi-
forme, SJS Stevens—Johnson syndrome, TEN toxic epidermal
necrolysis (Lyell’s syndrome); n = 62

Distribution of severe ADR

TEN was diagnosed in 27 patients (43.5%), EM in
18 (29.0%), and DRESS syndrome in 2 (3.2%) of
the 62 histopathologically confirmed severe ADR.
Severe pustular reactions consistent with AGEP oc-
curred eleven times (17.7%) and SJS four times (6.5%)
(Fig. 1). Since biopsies corresponded histologically
to EM rather than a drug eruption, drug-induced EM
could not be classified as an EM-like eruption, since
this corresponds histologically to an eruption involv-
ing a perivascular inflammatory reaction and only
minor intraepithelial changes.

Acute management and clinical course

All 62 patients received systemic treatment. Monother-
apy with glucocorticoids (GC) was used in 36 cases
(58.1%), and as combination treatment with high-
dose intravenous immunoglobulins (IVIG) in 26 cases
(41.9%; Fig. 2).

A total of 41 (66.1%) patients were treated in the
Department of Dermatology, 10 (16.1%) patients were
treated in another department, and 3 (4.8%) patients
were treated in the outpatient setting. Eight patients
(12.9%) were admitted or transferred in the further
course to an intensive care unit. Ten patients (16.1%)
died in the inpatient setting.

Of the 27 TEN patients, 16 (59.3%) were treated in
the dermatology unit, 3 (11.1%) on a medical unit, and
8 (29.6%) on an intensive care unit. Only 3 patients
appeared to receive adequate steroid monotherapy

(11.1%), while 24 patients were treated with a combi-
nation of GC and IVIG (88.9%). Seven patients (25.9%)
died in the inpatient setting in this TEN treatment
group.

Of the 18 patients with EM, 12 (66.7%) were inpa-
tients on the dermatology unit, 3 (16.7%) were treated
as outpatients, and 3 patients (16.7%) were treated
on another unit. In all, 17 patients (94.4%) were
treated with cortisone alone and 1 patient (5.6%)
with steroids plus IVIG. One patient (5.6%) died.
Both patients with DRESS syndrome were treated
as inpatients on the dermatology unit with systemic
monotherapy comprising GC (100%). Of the 11 AGEP
patients, 10 (90.9%) were treated on the dermatology
unit and 1 (9.1%) on another unit. All 11 patients
received systemic steroid therapy (100%). One patient
died in the inpatient setting (9.1%). Of the 4 SJS pa-
tients, 2 (50.0%) were treated on the dermatology unit
and 2 (50.0%) on another unit. Systemic therapy with
GC was performed in three cases (75.0%) and with
additional IVIG in one case (25.0%). The mortality
rate was 25%.

Switching and prohibiting medications, as well as
further diagnostic testing

Due to their temporal relationship to severe ADR,
drugs were suspected to be the trigger in all 62 cases.
One or more drugs were switched for alternative drugs
in 34 cases (54.8%). The dermatology unit undertook
no change of medication in 28 cases (45.2%), since
the suspected drugs had already been discontinued
prior to presentation. The inpatient medical report
or transfer report recommended that one active sub-
stance be strictly avoided in 35 cases (56.5%), two
active substances in 10 cases (16.1%), and three or
more active substances in nine cases (14.5%). It was
recommended that a group of substances be avoided
in eight cases (12.9%).

Altogether, 63 different active substances and five
different substance groups were considered as pos-
sible elicitors of ADR in the 62 cases. The drugs
most commonly prohibited in the discharge letter
included beta-lactam antibiotics, e.g., penicillins or
cephalosporins (15 cases), metamizole (12 cases), cot-
rimoxazole or substances in the sulfonamide group
(11 cases), and allopurinol (five cases).

Allergy diagnostic testing was carried out in 21 of
the 52 surviving patients (40.4%). In 19 further cases
of ADR, allergy diagnostic testing was recommended
in the discharge letter; however, these patients did
not present to the authors’ allergy unit (36.5%). No
allergy diagnostic testing was explicitly recommended
in 12 cases (23.1%), and hence not carried out. Skin
testing was carried out upon presentation of the
21 patients in the authors’ outpatient allergy unit in
all cases by means of patch testing and skin prick
testing (with late readings; Fig. 3). Of these tested pa-
tients, 10 had EM, 4 patients had TEN, 4 patients had
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Fig. 2 Systemic treat- 40
ment of the different severe
adverse drug reactions.
AGEP acute generalized 30
exanthematous pustulosis,
DRESS drug reaction with 2>
eosinophilia and systemic 20
symptoms, EM erythema
multiforme, IVIG intra-

syndrome) Total

15
venous immunoglobulins, 10
SJS Stevens-Johnson
syndrome, TEN toxic epi- 5
dermal necrolysis (Lyell’s 0 [ | — | | -

TEN / Lyell

EEM DRESS AGEP SIS

B Monotherapy with systemic glucocorticoids

B Combination treatment with systemic glucocorticoids and IVIG

\

m No testing

m Skin testing

= Skin testing + LTT + oral provocation testing
m Skin testing + LTT

m Skin testing + oral provocation testing

Fig. 3 Type of diagnostic allergy testing in patients with se-
vere adverse drug reactions. LTT lymphocyte transformation
test; n =62

AGEP 2 patients had SJS, and 1 patient had DRESS
syndrome. Altogether, patch testing was positive for
the suspected substance in eight cases (38.1%), in-
cluding all 4 patients with AGEP (100%), 1 DRESS pa-
tient (100%), 1 TEN patient (25%), 1 SJS patient (50%),
and 1 EM patient (10%; Fig. 4). AGEP was triggered
by an aminolcillin in three cases and by metamizole
in one case. Carbamazepine was the trigger in DRESS
syndrome, the contrast agent iomeprol in TEN, hy-
drochlorothiazide in SJS, and azathioprine was found
to be the trigger in EM. Altogether, beta-lactam an-
tibiotics were tested six times in patch tests; five tests
were positive (83.3%). In the case of negative skin
tests, oral provocation testing with the suspected sub-

stance was additionally performed in 4 patients who
had developed EM. Tests were positive in three cases
(75%). The reactive substances included metamizole,
cotrimoxazole (trimethoprim + sulfamethoxazole),
and phenoxymethylpenicillin. Oral provocation test-
ing to find an alternative drug was performed with
cefaclor in one case following a positive patch test
for aminopenicillins. The lymphocyte transformation
test (LTT) was performed in three cases: this was
negative in two cases and positive in one case for
hydrochlorothiazide.

Discussion

Severe ADR are rare but frequently life-threaten-
ing events. This is confirmed by the occurrence of
62 cases in 10 years at the Department of Dermatology
of the Tiibingen University Hospital, and a mortality
rate of 16.1% in a retrospective monocentric analysis.
The most common severe ADR were EM, TEN, and
AGEP; SJS and DRESS syndrome were less common.
Determining the precise incidence of severe ADR is
hampered by its rarity and the fact that it is often chal-
lenging to diagnose. Incorrect diagnoses can occur
particularly in cases where the suspected diagnosis is
not established by a dermatologist and bioptic confir-
mation is not obtained. The Documentation Center
for Severe Skin Reactions (“Dokumentationszentrum
schwerer Hautreaktionen”, dZh) at the University De-
partment of Dermatology and Venerology in Freiburg
has been recording hospitalized cases of TEN, SJS,
and EMM in Germany for more than 25 years. The
incidence of EMM, SJS, and TEN in Germany ranges
from 1.17 to 1.89 cases per million persons per year
[7]. Studies in the USA and France report similar
incidence rates [8, 9]. It is striking that in the present
study, the diagnosis of TEN was made far more fre-
quently than was the diagnosis of SJS. This does not
correspond to the population-based data reported in
the literature. Unfortunately, it is no longer possible
to determine retrospectively whether epidermal de-
tachment was clinically overestimated in some cases.
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Fig. 4 The results of al-
lergy testing in the different
severe adverse drug reac-
tions. AGEP acute gen-
eralized exanthematous
pustulosis, DRESS drug
reaction with eosinophilia
and systemic symptoms,
EM erythema multiforme,
HCT hydrochlorothiazide,
SJS Stevens-Johnson syn-
drome, TEN toxic epider-
mal necrolysis (Lyell’s syn-

drome) ‘

Total patch tests n =21

= Positive = Negative

TEN patch testn=4

= Negative = Positive to iomeprol

EM patch test n=10

\

SJS patch test n=2

= Positive to HCT = Negative = Negative = Positive to azathioprine

AGEP patch testn=4 DRESS patch testn=1

= Positive to aminopenicillin

= Positive to metamizole = Positive to azathioprine = Negative

EM oral provocation testing n =4

Besides symptomatic treatment, there is still no
clear recommendation for the systemic treatment of
severe ADR. A survival analysis of a cohort of 460 TEN
patients [10] found that none of the immunomodula-
tory systemic therapies were able to achieve a signifi-
cant improvement in survival compared to purely sup-
portive treatment. Systemic reviews and meta-analy-
ses have confirmed this observation [11, 12]. Whereas
in France it is not uncommon for systemic therapy
not to be administered, systemic treatment with GC
is comparatively common in Germany in severe ADR
[10]. The present study shows that systemic treatment
with GC or a combination of GC plus IVIG was per-
formed in all 62 cases. In the 27 cases in which TEN
was present, systemic combination treatment consist-
ing of GC and IVIG was performed in 24 cases and
monotherapy with GC was performed in three cases.
The European guideline (S1) on the use of high-dose
IVIG in dermatological applications recommends the
early use of high-dose IVIG as long as the possible
benefits outweigh the risks of this medication and the
natural course of the disease [13]. The combination
of IVIG and GC is the subject of controversy: in this
study, 7 of 24 TEN patients treated with GC and IVIG
died (29.2%). This mortality rate is thus comparable
to that found by Mahar et al. in a 2014 systematic
review covering 20 studies and 708 TEN patients [14].
However, the severe cases of TEN preferentially re-
quired the combination of steroids and IVIG, mean-
ing that the risk and side effects of the treatment were
not the cause of mortality, but rather the severity of

= Negative
= Positive to metamizole
= Positive to co-trimoxazole

= Positive to phenoxymethylpenicillin

the disease. If one takes into account those patients
treated with steroids only, the mortality rate for TEN
in this study drops to 25.9%, since this group includes
less severely affected patients. A recent meta-analysis
showed that the use of GC and IVIG reduces the dura-
tion of stay by 3.19 days compared with GC monother-
apy in the clinical setting of TEN/SJS, but yields no
significant difference in mortality [15]. A meta-analy-
sis conducted by Zimmermann et al. of 3248 patients
also demonstrates a benefit for GC monotherapy only,
but no positive effect for IVIG or combination thera-
pies [12]. Interestingly, however, cyclosporine A (CsA)
was found to be beneficial in that particular meta-
analysis. Zimmermann refers primarily to an inter-
ventional study of 29 patients in France with SJS, over-
lap SJS/TEN, and TEN conducted by Valeyrie-Allanore
et al. in 2010 [16]. A recent study by Gonzdlez-Her-
rada et al. also shows a survival benefit for CsA over
other treatment options [17]. CsA has not been used
as yet in TEN in our collective, since cardiac and liver
side effects were feared. No randomized controlled
trials on the use of IVIG or CsA have been conducted
to date and would undoubtedly be challenging due
to the rarity of the disease and the heterogeneity of
the patient population. Thus, the benefit of the ex-
tremely costly—but in our collective extremely fre-
quently used—IVIG treatment for SJS/TEN remains
unclear.

A Canadian cohort study of 581 patients treated on
an inpatient basis for SJS/TEN observed the group
over an average period of 1283 days for SJS/TEN re-
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currence. It was shown that 7.2% of patients were ad-
mitted to hospital during this period due SJS/TEN re-
currence [18], meaning that there is a more than 1000-
fold increased risk for developing SJS/TEN if SJS/TEN
has already occurred. In all, 86% of AGEP patients
reported an ADR in their patient history prior to de-
veloping AGEP [19].

As a result, closer analysis of the triggering sub-
stance appears essential in order to avoid recurrence.
In the present study, the discharge report recom-
mended strict avoidance of two or more active sub-
stances or entire substance groups in 44.9% of cases.
However, the triggering substance often remains un-
known until inpatient discharge: firstly, medical his-
tory taking is often hampered by the severity of the
clinical picture; secondly, precise knowledge of the
latency period between first ingestion and disease
manifestation is important. Since knowledge of the
likelihood of triggering the disorder with the indi-
vidual drugs is needed, experience with allergies or
the keeping of a drug log is also helpful in the acute
situation [20, 21].

The mean age of patients in the group studied here
was 60.6 years. Onset at the beginning of the seventh
decade of life is presumably caused by frequent drug
use in middle to older age groups, and warrants al-
lergy diagnostic testing in order to avoid the risk of
accidental re-exposure. In all, 63 different active sub-
stances and five different groups of substances were
considered as possible triggers in the 62 cases. This
demonstrates the variety of drugs considered culprits
in severe ADR. Beta-lactam antibiotics were the most
frequently suspected group of substances. This sub-
stance group is extremely important and is often pre-
scribed. This produces a dilemma, since prohibiting
this drug group would lead to considerable limita-
tions on future treatment options on the one hand,
while the enormous frequency with which they are
prescribed means, on the other, that the risk of acci-
dental re-exposure is extremely high.

There are significant discrepancies—even within
centers—between the allergy diagnostic testing per-
formed and recommended following severe ADR,
ranging from a non-explicit recommendation on al-
lergy diagnostic testing in the medical report, to pre-
sentation at an allergy center, including skin testing,
LTT, and oral provocation testing.

Although the literature describes a number of cases
in which systemic reactions occurred as a result of
skin testing [22, 23], skin tests such as the skin prick
or patch test are regarded as relatively safe. However,
since skin testing is often negative in the case of severe
ADR, the procedure is frequently not performed due
to the limited validity of its results.

Skin tests were performed in 21 cases in the present
study; patch testing was positive in nine cases. It was
striking that it was positive in all four cases of AGEP
and in the one case of DRESS, whereas tests were pos-
itive in only one of the 10 EM cases and only four

of the TEN cases. The lack of evidence in EM can
undoubtedly be explained by the fact that the dis-
order usually occurs para-infectiously and drugs are
rarely causal. Other studies have also demonstrated
a tendency for the sensitivity of patch testing to de-
pend on the type of severe ADR. For example, Barbaud
et al. showed that patch testing was positive in 64%
of DRESS cases and 58% of AGEP cases, but only in
24% of TEN/SJS cases [24]. The sensitivity of patch
testing also appears to depend on the suspected sub-
stance. While patch testing was positive in only 38.1%
of cases overall, it was positive in 83.4% of cases when
beta-lactam antibiotics were tested. This dependence
on individual substances was also demonstrated in
a study on DRESS syndrome: patch testing was pos-
itive in 72.2% of cases when carbamazepine was the
suspected substance, whereas all 19 patch tests were
negative in the 19 cases where allopurinol was the sus-
pected substance [25]. This may be due to a reaction
to metabolites, which renders the original substance
non-reactive [26].

Thus, if appropriately selected by an experienced
allergist, skin tests can yield important insights and
prevent the avoidance of harmless substances. How-
ever, numerous other factors need to be taken into
account in skin testing besides appropriate selection.
For example, according to the guideline, allergy diag-
nostic testing should be carried out between 4 weeks
and 6 months after the occurrence of the event, since
the likelihood of detecting a hypersensitivity reaction
decreases thereafter [27-29]. Other circumstances
surrounding the reaction also need to be taken into
account, such as concomitant infections, cofactors
for allergic reactions such as stress, exertion, food
intake, alcohol intake, and UV exposure, as well as
the selection of the correct test concentration [27].
In cases where skin testing is not possible or fails to
yield valid results, in vitro techniques such as LIT
are available in some centers [27]. LTT is a complex
in vitro method for the detection of type IV reac-
tions involving the incubation of patient lymphocytes
with the antigen to be tested. Only antigen-specific
lymphocytes proliferate more strongly, enabling sen-
sitization to be detected here. However, LTT analysis
is complex, its sensitivity is limited, and it should
always be performed while taking other parameters
and clinical findings into account.

In summary, one needs to carefully weigh up the
gain in knowledge against the risk posed by any skin
and provocation tests performed. However, whenever
a drug is the confirmed or suspected elicitor, patients
should present to an allergy center, provide a detailed
patient history, receive patient education, be consid-
ered for in vitro and in vivo testing to establish the in-
dication, and be issued with an allergy passport. Only
in this way can the risk of a repeat, possibly lethal se-
vere ADR be minimized, while at the same time keep-
ing the restrictions on future treatment options as low
as possible.
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