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Abstracts

Purpose of review Drug hypersensitivity reactions (DHRs) are adverse effects that clinically
resemble allergy. They belong to type B adverse drug reactions, which are dose-
independent and unpredictable. Misclassification of DHR may lead to under and/or
overdiagnosis, which affects the management of patients, leading to higher risk of
suffering an allergic reaction or the use of alternative more-expensive and potentially
less-effective drugs. A precise phenotype of DHR is required for a better evaluation and
proper management of patients experiencing DHR. The purpose of this review is to
summarise the different phenotypes of DHR basing on different criterions.
Recent findings The phenotyping of DHRs is challenging as clinical presentations are hetero-
geneous, the underlying mechanism is poorly understood and terminology varies among
different studies. Moreover, natural evolution may be different depending on the phenotype.
Summary This review summarises the complexity of DHR phenotyping, which can be based on
different criterions as chronology, mechanism and clinical symptoms as well as natural
evolution. A precise phenotyping of DHR is needed to determine the adequate evaluation
and management of patients.
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Introduction

The World Health Organization defines an adverse
drug reaction (ADR) as any noxious, unintended
and undesired response to a drug which occurs at
normal doses used in humans for diagnosis, prophy-
laxis and/or treatment [1]. They represent 3–6% of
inpatient admissions [2] and occur in about 10–20%
of all hospitalised patients [3, 4]. ADRs can be classi-
fied, basing on predictability and drug interaction
mechanism, in two types [5]: A-type and B-type reac-
tions. A-type reactions are a consequence of the phar-
macological action of the drug, and therefore dose-
dependent and predictable [6]. They are the most
common ones (70–80% approximately) and include
unwanted side effects, secondary events due to phar-
macological toxicity or drug interactions. B-type reac-
tions are unrelated to the pharmacological effects of
the drug when taken at normal dosage, not dose-
dependent and unpredictable [6]. However, in some
cases, they may be predictable related to the disease
state (e.g. human immunodeficiency virus (HIV) or
Epstein–Barr virus (EBV) infection), and in some
cases, dose dependence has been shown (e.g. for non-
steroidal anti-inflammatory drugs (NSAIDs) and an-
tiepileptic drugs) [7••] (Fig. 1).

B-type reactions are less common, representing only
15% of all ADRs. However, they are often severe, ac-
counting for significant morbidity and mortality [7••,
8]. They include drug hypersensitivity reactions (DHRs),
which are defined as objectively reproducible symptoms
or signs initiated by exposure to a defined drug at a dose
tolerated by normal people. This concept implies an
individual predisposition [9, 10]. DHRs affect more
than 7% of general population, although both under
and overdiagnosis exist [11]. This represents an impor-
tant public health problem as management of patients
can be affected due to the use of alternative more-
expensive and potentially less-effective drugs.

DHRs can be immunologically mediated or non-
immunologically mediated [7••], being termed allergy
and non-allergic reactions, respectively [7••, 8, 12] (Fig. 1).

The establishment of phenotypes in DHR is needed
to determine the optimal evaluation and management
of patients. DHR phenotyping can be based on different
criterions: the underlying mechanism of the reaction,
the time interval between the drug administration and
the onset of the symptomatology (chronology of reac-
tions) and the clinical manifestations experienced by
patients after drug intake (Table 1).

DHR Phenotyping by Underlying Mechanism

As mentioned before, DHRs can be immunologically mediated (allergic reac-
tion) or non-immunologically mediated (non-allergic reaction) [7••]. The
allergic reactions can be mediated by all of the types of immunological reac-
tions described by Gell and Coombs [13], but the most common ones are IgE-
mediated (type I) and T cell-mediated (type IV), being cytotoxic (type II) and
immune complex (type III) reactions to drugs rare [7••]. T cell reactions show a
very heterogeneous mechanism and have been sub-classified into type IVa to
type IVd reactions according to the regulatory mechanisms, composition of the
T cell infiltrate and mediator release [14••].

Non-allergic reactions resemble allergy but no immunological mechanism
has been proved. The pathomechanisms of these reactions include [7••]

& Nonspecific mast cell or basophil histamine release (e.g. opiates,
radiocontrast media and vancomycin).

& Off-target interactions withMas-related G protein receptor X2 (MRGPRX2)
inducing mast cell activation and degranulation (e.g. quinolones).

& Bradykinin accumulation (e.g. angiotensin-converting enzyme inhibitors)
& Complement activation (e.g. protamine)
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& Possibly an imbalance in the arachidonic acid pathway that could
depend on the strength of cyclooxygenase (COX)-1 inhibition by as-
pirin and other non-steroidal anti-inflammatory drugs (NSAIDs), in-
dependently of the specific chemical structure of the drug. These pa-
tients show cross-reactivity with other NSAIDs non-chemically related.
This represents the most frequent mechanism involved in NSAIDs-
induced hypersensitivity reactions [15] which includes NSAID-
exacerbated respiratory disease (NERD), NSAID-exacerbated cutaneous
disease (NECD) and NSAID-induced urticaria/angioedema (NIUA)
[16].

& Pharmacologic interaction (PI) mechanism. This has been described for
non-immediate exanthemas in which an alternative non-allergic HLA-
dependent non-covalentmechanism directly activates the T cell receptor as
an off-target effect of the drug [14••, 17].

DHR Phenotyping by Chronology

DHR can be classified as immediate and non-immediate according to the
time interval between drug intake and onset of reaction [7••, 18]. Initially,
immediate reactions were defined as those occurring within 1 h after drug
administration and non-immediate as happening any time from 1 h, com-
monly after many days of treatment [19, 20]. Immediate reactions can be
either IgE mediated or non-allergic [21], and non-immediate reactions are
usually caused by an allergic type IV reaction or by the PI mechanism
[14••].

However, this cut-off point may not reflect sufficiently the pathophysiology
of reactions and several considerations must be taken into account. Firstly,
reactions can be induced not only by the drug but also by itsmetabolites, and in

Fig. 1. Classification of ADR
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Table 1. Phenotyping DHR base on chronology, underlying mechanism and clinical manifestations induced by drugs

Chronology Mechanism Clinical
manifestations

Elicitors

Immediate Non-immunologic Nonspecific mast
cell or basophil
histamine release

Urticaria
AE
Anaphylaxis

Opiates
RCM
Vancomycin

Bradykinin
accumulation

AE Angiotensin converting
enzyme inhibitors

Complement
activation

Anaphylaxis Protamine

Alteration in
arachidonate
metabolism

Urticaria
AE
Rhinitis
Asthma
Anaphylaxis

NSAIDs

Immunologic IgE Urticaria
AE
Anaphylaxis

Betalactam
NMBA
Fluoroquinolones
NSAIDs
PPI

Non-immediate Immunologic T-cell MPE Betalactams Sulfonamides
RCM
Antiepileptic drugs

Non-immunologic PI reaction SDRIFE Aminopenicillins
Erythromycin

Clindamycin
Pseudoephedrine
Valacyclovir
RCM

AGEP Aminopenicillins
Cephalosporins

Macrolides

Bullous exanthema
(SJS/TEN)

Allopurinol
Sulfonamides
Oxicam
Nevirapine
Antiepileptic drugs

DHIS/DRESS Antiepileptic drugs
Allopurinol Sulfonamides

Neviparine
Dapsone
Vancomycin Minocycline
Calcium channel blockers

Fixed drug
eruption

NSAIDs
Tetracyclines Sulfonamides
Penicillin
Phenytoin

Vasculitis Betalactams
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some cases, theymight take some hours to be formed. Consequently, a reaction
can start much later than 1 h after drug intake evenwhen specific IgE is involved
[22•, 23]. Moreover, cofactors such as exercise and food can accelerate or slow
down the onset or progression of a reaction [24]. In addition, the onset of the
reaction can be influenced by the route of administration as after parenteral
administration of the drug, the reaction can start within a fewminutes and after
oral intake take up to 1–2 h. Indeed, in the recent International Consensus on
Drug Allergy (ICON), this interval has been extended up to 6 h for immediate
reactions [7••].

Certain drugs cause mainly immediate or non-immediate reactions, e.g.
neuromuscular-blocking agents (NMBA), fluoroquinolones such as
moxifloxacin and NSAIDs such as ibuprofen, provoke mainly immediate reac-
tions; and antiepileptic drugs and allopurinol, cause most frequently non-
immediate reactions. Other drugs such as betalactam antibiotics and dypirone
may lead to both types of reaction.

DHR Phenotyping by Clinical Symptoms

Immediate reactions mostly manifest with urticaria, angioedema, or anaphy-
laxis [21]. Non-immediate reactions are more heterogeneous but usually affect
skin, being the most frequent symptoms exanthemas and delayed urticaria
[14••, 25, 26]. Internal organs can be affected either alone or with cutaneous
symptoms [7••].

Any drug can induce any clinical symptoms; however, as it is explained
below, certain drugs are more likely to be associated with specific types of
clinical presentations. It is important to note that the same drug at the same
dose and route might produce different clinical manifestations in different
subjects [7••].

Table 1. (Continued)

Chronology Mechanism Clinical
manifestations

Elicitors

Phenytoin
Allopurinol
NSAIDs
Sulfonamides
Diurectis

Organ-specific Penicillins
Sulfonamides Cytostatic

Drug-iduced
autoimmune
disease

TNF-α blockers Interferons
Terbinafine

AE angioedema, AGEP acute generalised exanthematous pustulosis, DHIS drug-induced hypersensitivity syndrome, DRESS drug reaction with
eosinophilia and systemic symptoms, SDRIFE symmetric drug-related intertriginous and flexural exanthema, SJS Stevens-Johnson syndrome,
MPE maculopapular exanthema, NMBA neuromuscular-blocking agents, NSAIDs nonsteroidal anti-inflammatory drugs, PPI proton pump
inhibitor, RCM radiocontrast media, TEN toxic epidermal necrolysis
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Urticaria and Angioedema
Urticaria is characterised by painless erythematous wheals associated with
intensely pruritus that blanches with pressure [27, 28••]. It is caused by edema
and vasodilation in the upper part of the dermis. Lesions are transient and a
single wheal at one location usually resolves within 24 h; however, migrating
lesions may last several days or weeks [28••].

Angioedema is a swelling that does not itch but induces a feeling of pressure.
It is caused by a deeper edema of the dermis and subcutaneous tissues, affecting
mainly face, lips, tongue or genitalia [28••]. When the mechanism involves
bradykinin, angioedema lasts several days.

Urticaria and angioedema are usually induced by either IgE mediated or
non-allergic mechanisms. NSAIDs, betalactam antibiotics, NMBA, quinolones
and other antibiotics are the most common elicitors [29, 30], and ACE inhib-
itors are specifically very common inductors for angioedema, even years after
the start of intake.

Considering cross-hypersensitivity to NSAIDs, urticaria/angioedema is the
most frequent clinical entity (NIUA) [15]. It is important to identify specific
underlying diseases, such as chronic spontaneous urticaria, in which up to one-
third of the patients experienced exacerbations after NSAID intake (NECD)
[16]. The degree of sensitivity may show fluctuations related to the activity to
the underlying chronic urticaria [31•].

Anaphylaxis
It is an immediate reaction involving more than one organ apart from skin
(pruritus, urticarial, angioedema, erythema): gastrointestinal tract (nausea,
vomiting, abdominal pain and/or diarrhoea), respiratory system
(rhinoconjuctivitis, dyspnea, wheezing and/or coughing) and cardiovascular
system (drop of blood pressure, tachycardia, fainting and unconsciousness)
[32]. Severe respiratory and cardiovascular manifestations may be the primary
manifestations in perioperative anaphylaxis [33–35].

Anaphylaxis are considered to be IgE-mediated [32]; however, non-allergic
mechanisms have also been described [36••]. Penicillins are considered the
main triggers of IgE-mediated anaphylaxis induced by drugs [36••]. Recently,
fluoroquinolones such as moxifloxacin and proton pump inhibitors such as
lansoprazol have been increasingly reported as eliciting anaphylaxis [37–40].
NMBAs have been classically considered as the group that most frequently
causes perioperative anaphylaxis [41]. Among themost common causes of non-
allergic anaphylaxis are quinolones, opioids, vancomycin, dextrans,
radiocontrast media and NMBA. Recently, it has been reported that patients
experiencing cross-hypersensitivity toNSAIDS, inwhich underlyingmechanism
is possibly related to an alteration in arachidonate metabolism, can manifest as
anaphylaxis [42].

Rhinitis and Asthma
Respiratory symptoms are usually associated to skin symptoms in the context of
anaphylaxis as described above. However, respiratory symptoms with no other
organs involved can occur in patients with cross-hypersensitivity to NSAIDs
(NERD) [16]. They usually have underlying chronic rhinosinusitis complicated
by polyp formation, and/or asthma usually preceding the development of

32 Drug Allergy (L Mayorga, Section Editor)



hypersensitivity to NSAIDs [16]. NSAID cross-hypersensitivity is strongly asso-
ciated with near fatal asthma [43]. Reaction can involve exclusively the upper or
lower respiratory tract or both. Nasal symptoms include rhinorrhea, nasal
congestion, nasal pruritus and sneezing. Bronchial obstruction induced is
manifested as dyspnea, cough and wheezings. These symptoms usually appear
between 30 and 180 min after ingestion of NSAID, being the patient cross-
reactive to other COX-1 inhibitors non-chemically related [16].

Maculopapular Exanthem
It is the most commonmanifestation in non-immediate DHR, being in most of
cases benign [30]. It occurs in 2% of hospitalised patients [44]. The primary
lesions are pruritic erythematous macules and papules, affecting most often
trunk and the proximal extremities with diffuse and symmetric distribution.
Mucous membranes are normally not involved. It usually appears several days
(up to 2–3 weeks) after drug exposure; however, in a sensitised subject symp-
toms alreadymay appear about 6 h after. Desquamation is common in the later
clearing phase. It is of note that MPEmay be the first indication of amore severe
hypersensitivity reaction, such as a drug-induced-hypersensitivity syndrome/
drug reaction with eosinophilia and systemic symptoms (DHIS/DRESS).
Moreover, it is important to make a differential diagnosis of some skin or
autoimmune diseases that can be exanthematic in their appearance.

Exanthemas are caused by T cell (type IV) or by the PI mechanism [14••].
Common elicitors are betalactams, sulfonamides, radiocontrast media and
antiepileptic drugs.

Symmetric Drug-Related Intertriginous and Flexural Exanthema
It is a rare DHR that typically develops within hours or days after exposure to
drugs. The clinical manifestation is an erythema with a characteristic distribu-
tion pattern, resembling the shape of a “V”, involving perigenital, perianal and
inguinal areas. Other flexural areas such as axillae, knees or elbows are affected
[46]. It usually evolves to desquamation. Few pustules may be observed and
there may be an overlap with acute generalised exanthematous pustulosis.
Systemic symptoms are rarely observed. Main elicitors are aminopenicillins,
erythromycin and clindamycin [47]. Other drugs reported implicated in
SDRIFE are pseudoephedrine, valacyclovir and iodinated contrast media [48].

Acute Generalised Exanthematous Pustulosis
It is a rare non-immediate DHR characterised by disseminated small non-
follicular subepidermal and intraepidermal sterile pustules on a widespread
confluating erythema [28••, 49•, 50, 51]. The eruption begins on the face or
intertriginous area and within 24 h disseminates diffusely, although they have
been reported even up to 3 weeks after drug exposure [52]. Palms and soles are
rarely affected and at least one mucous membrane is involved in 20–25% of
cases [45••]. The pustular eruption is followed by desquamation. Several
pustules may confluent resulting in a superficial bullous resembling Stevens-
Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN). It is often
associated to fever and leukocytosis with neutrophilia and mild eosinophilia
[45••, 53].
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The pathologic mechanism has not been extensively studied, although a T
cell-mediated reaction involving CD4+ T cells, cytotoxic CD8+ T cells and
inflammatory chemokines and cytokines such as CXCL18 which leads to the
accumulation of neutrophils in tissues has been proposed [54, 55].

It can occur after an infection or after drug administration, being the most
frequent ones elicitors aminopenicillins, cephalosporins andmacrolides [50, 53].

Bullous Exanthems
They are the most severe non-immediate DHR, with a high mortality. They
comprise SJS/TEN [56]. It is rare, with an incidence estimated at 2–7 cases
per million persons per years, with SJS occurring three times as often as TEN
[57] and incidence being 100-fold higher in human immunodeficiency
virus infection [58]. They start within the first 4–6 weeks of treatment with a
febrile prodrome preceding the cutaneous eruption. Small blisters arise on
purple macules and spread usually to the trunk. Bullous lesions develop fast
on the skin and mucous membranes (oral, genital, conjunctival, perianal),
causing pain. Atypical flat multiform target lesions often appear and pa-
tients usually develop fever. SJS and TEN are considered to be variants of the
same disease, distinguished by the percentage of the total corporal surface
affected. SJS is the less severe form, with confluated bullae leading to
detachment of the skin in less than 10% of the total body surface in SJS, 10–
30% in SJS/TEN overlap and 9 30% in TEN. Both conditions present ex-
tensive necrosis and epidermiolysis, with positive Nicholsky sign, due to
keratinocyte necrosis [28••, 45••, 59]. SJS and TEN are differentiated from
erythema exsudativum multiforme by the absence of typical target lesions.
Erythema exsudativum multiforme is mainly caused by viral infections,
whereas SJS and TEN are in the majority of cases caused by drug, being
allopurinol, sulfonamides, oxicam, nevirapine and antiepileptics the most
frequently involved [49•, 60, 61].

Drug-Induced Hypersensitivity Syndrome/Drug Reaction with Eosinophilia and Systemic
Symptoms

It is a rare, potentially life-threatening non-immediate reaction presenting as a
rash with the involvement of internal organs [62]. It typically takes 2–6 weeks
after the start of the drug intake to develop with an erythematous central facial
swelling. This quickly progresses to a diffuse rash that may vary from typical
macules and papules to multiform, eczematous or puntiform lesions. Fever,
malaise and lymphadenopathy are mostly present as well as eosinophilia,
leukocytosis and atypical lymphocytes in peripheral blood [45••, 63]. Agran-
ulocytosis and anaemia may occur. Liver function impairment is generally mild
and transient, but some patients develop a potentially life-threatening hepatitis.
Other internal organs may be affected, resulting in interstitial nephritis, peri-
carditis and pulmonary infiltrates. Arthritis and myositis are less frequent. After
the discontinuation of the drug involved, further flares commonly appear. This
has been linked to herpes virus reactivation, which is considered specific to
DRESS [64].

Common elicitors are antiepileptics, allopurinol, sulfonamides and
neviparine. Other drugs associated to DRESS have been reported, including
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dapsone, vancomycin, lamotrigine, minocycline and calcium channel blockers
[63, 65, 66].

Fixed drug eruption
It is a non-immediate DHR characterised by erythematous to violatious well-
demarcatedmacules, whichmay become bullous in the centre. This lesion always
recurs in the same locationwithin several hours or up to 2 days upon re-exposure
to the culprit drug. Most often, it affects face, mouth and genital and acral areas
[67, 68]. Typically, it leaves a residual hyperpigmentation.Multilocular fixed drug
eruptions mimicking SJS/TEN may occur, but patients with fixed drug eruptions
have no systemic symptoms, the lesions are well demarcated and the mucous
membranes are rarely or only minimally involved [69].

Drugs commonly implicated include NSAIDs, tetracyclines, sulfonamides,
penicillin and phenytoin.

Vasculitis
Vasculitis is a typical manifestation in dermatology but rare as a non-immediate
reaction induced by drug. It is a type III hypersensitivity reaction characterised
by leukocytoclastic vasculitis and it clinically manifests by palpable purpuric
macules and papules predominantly in legs. In severe cases, the purpura can
progress to form blisters and deep ulcers with hemorrhagia. Fever, arthralgias,
lymphadenopathy, headaches, abdominal pain, hematuria or peripherial neu-
ropathy may be also present [28••, 45••]. Clinical manifestations take 1–
2 weeks to develop after drug exposure, being the ones most often implicated
penicillins, cephalosporins, phenytoin, allopurinol, NSAIDs, sulfonamides and
diurectis [70, 71].

Organ-specific and miscellaneous drug reactions
Fever, associated to headaches and myalgias, can be induced by drugs [72],
being reported antibiotics, sulfonamides and cytostatics as elicitors.

IgG-mediated cytopenia or cytotoxic immune cytopenia can occur and may
manifest as hemolytic anaemia, leukocytopenia or thrombocytopenia.

Internal organ affectations can be involved, being described drug-induced
intersticial nephritis and hepatitis [73]. Lymphadenopathy, pneumonitis, pan-
creatitis, myocarditis, thyroiditis and gastrointestinal tract involvement have
also been described.

Fever, arthralgias, macular or urticarial exanthemas and lymphadenopathy
are typical for serum sickness syndrome. The most common elicitors are pen-
icillins and cephalosporins (particularly cephaclor) [74].

Drug-Induced Autoimmune Disease
Drugs can induce autoimmune responses such as lupus erythematosus
characterised by the sudden onset of fever, malaise, myalgia, arthralgia and
erythematousmacules on light-exposed skin with atrophy or scaling resembling
typical lupus erythematosus lesions [75]. Antinuclear antibodies are commonly
positive and directed against nuclear histone H2B for drug-induced systemic
lupus, whereas anti-Ro/SSA and anti-La/SSB are more common in cutaneous
drug-induced lupus. Reported elicitors of the drug-induced lupus are TNF-α
blockers, interferons and terbinfine [76].
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Natural Evolution

Although few prospective studies have been carried out to analyse the natural
history of DHR, data available suggest that natural evolution differs according
to the underlying mechanism involved in DHR.

IgE-Mediated DHRs
IgE antibody response has been reported not to be permanent over time and a
loss of sensitivity may occur if the patient is not re-exposed to the drug [77••,
78••, 79, 80, 81••].

Data concerning specific IgE determined by immunoassay have been report-
ed with betalactams [77••, 79] and clorhexidine [80], with differences in the
number of patients assessed, the surveillance period and the methods used.
Considering betalactams, specific IgE to penicillin and/or amoxicillin in sera
was not detected in 50% of patients 3 years after the reactions and in no
patients after 4 years [77••]. Regarding clorhexidine, the IgE determination in
sera has been recommendedwithin 6 months after the reaction or earlier due to
the decline levels [80]. Moreover, the repeat re-exposition to betalactams and
chlorhexidine has been related to the maintenance of an IgE level above
normal, not showing the gradual decline seen in other patients, presumably due
to continued stimulation of IgE production [80, 82].

Data concerning basophil activation test (BAT) show that 60% of the
patients who were BAT positive to dipyrone became negative after 6 months
of follow-up [78••] whereas negativization with betalactams took longer, since
60% of negativizations occurred after 18 months [77••]. Moreover, the rate of
negativization of both BAT and specific IgE determined by immunoassay
(radioallergosorbent test, RAST) was different depending on the betalactam
involved in the reaction, being faster for amoxicillin in BAT compared to RAST
and with no differences for benzylpenicillin comparing both tests [77••].
However, no differences in the negativization rate were found comparing the
different clinical manifestations for both tests [77••, 80].

Longer-term rates of negativization have also been found with NMBA in
BAT, in which 85% of patients gave positive results within 3 years of the
reaction but decreased to 47% after 4 years [81••].

Resensitization studies indicate that some patients with a previous positive
history and negatively tested may become positive after therapeutic adminis-
tration [18]. Therefore, experts recommend lifelong avoidance of the drug and
potential cross-reactive drugs in the cases of drug-induced anaphylaxis [7].
However, in selective responders to amoxicillin, patients tolerate other peni-
cillins and are not at increased risk of allergies upon exposure to closely related
penicillins [83].

T Cell-Mediated DHRs
Contrary to IgE-mediated responses, evidence suggests that delayed hypersen-
sitivity to betalactams, particularly to aminopenicillins, is long-lasting [84–86].
Indeed, patch tests have been reported to remain positive up to 11 years after
the disappearance of cloxacillin-induced DRESS [87].
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Non-allergic Reactions
For non-allergic reactions, there are available data about natural history
concerning cross-hypersensitivity to NSAIDs. In patients with NIUA, up to
one in three patients have been reported to develop chronic spontaneous
urticaria over time [88]. However, recently, it has been found that this
proportion is similar to the one for patients with IgE-mediated reactions to
NSAIDs and healthy subjects [89]. Recent data show that tolerance to
NSAIDs can occur in 60% of the patients with NIUA within 6 years after
their last reaction. This process seems to be influenced by atopy and type of
clinical reaction [90••]. However, in patients with NECD, aspirin hyper-
sensitivity remains present in about two-thirds of patients after 4 years
[31•].

Conclusions

Misclassification ofDHRmay affect proper evaluation of patients and treatment
options, resulting in the use ofmore-expensive or less-effective drugs. Therefore,
it is necessary to implement adequate and precise phenotypes in order to
improve patient management. However, this is very complex and can be based
on different criterions. A better knowledge of the mechanisms involved in DHR
as well as the use of consensual terminology would help to better establish
phenotypes in DHR.
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