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Drug Hypersensitivity

Diagnosis, Genetics, and Prevention

Ruwen Bohm, Ehrhardt Proksch, Thomas Schwarz, and Ingolf Cascorbi

Summary

Background: Adverse drug reactions (ADRs) can be divided into pharmacological ADRs (type A) and hypersensitivity reactions
(type B). Type B reactions can be further subdivided into immediate (<1 h, urticaria, anaphylaxis) and delayed reactions (>1 h,
variable manifestation like exanthema, hepatitis, cytopenias). Prevention of hypersensitivity is often still a challenge.

Methods: Selective literature search in Medline and Google Scholar as well as research in ADR databases like OpenVigil or

SIDER.

Results: Laboratory tests ([specific] IgE, lymphocyte transformation test), histological examination, dermatological tests (prick
tests, epicutaneous testing) and—under certain circumstances—provocation tests can be used for diagnostics. There are only a
few pharmacogenetic biomarkers to predict hypersensitivity reactions. Currently, testing for defined HLA genes is mandatory
before prescription of abacavir and before the use of carbamazepine in Han Chinese or Thai patients. Immediate discontinu-
ation of the trigger is essential in all allergic hypersensitivity reactions. Immediate reactions are treated with antihistamines,
glucocorticoids and occasionally with epinephrine. Delayed reactions are usually treated with glucocorticoids.

Conclusions: Careful, structured diagnostics in case of suspected hypersensitivity together with adequate documentation
(allergy passport) is necessary in order to avoid incidents in patients receiving subsequent treatment. Consistent use of existing
resources (diagnostics and documentation) can help to avoid hypersensitivity reactions or to rapidly recognize and treat them,

respectively.

Cite this as:
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Some of these are so-called medication errors

which occur due to the handling of the drug, rather
than due to the drug itself (el). Adverse drug reactions
(ADR), colloquially called “side effects,” are adverse
events that are due to the inherent biological effects of
the drug. These, in turn, are divided into pharmacologi-
cally mediated ADR (type A) and hypersensitivity reac-
tions (type B) (1). Type A reactions can occasionally be
therapeutically useful or even lead to new indications:
for example, minoxidil causes hair growth, and sildenafil
has a beneficial effect on erectile dysfunction. Drug-
induced liver damage is a well-known kind of type A
reaction that can be caused, e.g., by an overdose of
acetaminophen, whereas flucloxacillin-associated liver
damage is an HLA-associated type B reaction (2). Type

D rug treatment often leads to adverse events (AE).

Definition

Adverse drug reactions, colloquially called “side effects,” are
adverse events due to the inherent biological effects of the
drug. These, in turn, are divided into pharmacologically me-
diated ADR (type A) and hypersensitivity reactions (type
B)—mnemonically, A for “augmented” and B for “bizarre.”
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A reactions are generally dose-dependent, while type B
reactions are generally considered to be independent of
the dose once a low threshold dose has been exceeded (3).

Both classic immunological (allergic) and non-allergic
hypersensitivity reactions involve activation of the im-
mune system or of its effector pathways, such as inflam-
matory reactions (Table 1, Figure 1). Hypersensitivity
reactions are clinically categorized as either immediate
(arising less than one hour after exposure) or late (arising
more than one hour after exposure). The classic allergic
reactions are divided into four types, in the scheme of
Coombs and Gell; types I and IV are the ones most com-
monly encountered.

A drug may trigger very different kinds of hyper-
sensitivity reactions across individuals, or even in the
same individual (4).

Type A and type B side effects

Drug-induced liver damage is a well-known kind of type A
reaction that can be caused, e.g., by an overdose of acetamin-
ophen, whereas flucloxacillin-associated liver damage is an
HLA-associated type B reaction.
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TABLE 1

The classification, frequencies, mechanisms, and manifestations of undesired events, with examples and treatment options
(frequencies in relation to the overall number of undesired events)

Type Frequency Treatment options aside from discontinuation of the
(Reference) offending substance

Medication error 20% (e1) Medical appropriate- Prescription of the same | - regular checking (computer-assisted if possible) of
ness index too high, drug with generic name medications and of the patient's adherence to treat-
e.g., double prescription | and trade name ment (€25, €26)
ADR pharmacological | 72% (39) PK: pharmacogenetic | Irinotecan in carriers of — regular checking (computer-assisted if possible) of DI
(type A) variants or PK-DI the UGT1A1 variant — therapeutic drug monitoring (TDM)
PD: multidimensional Cutaneous reaction to - immune modulation with doxycycline (€29)
effects EGFR antagonists such
as cetuximab
hypersensitivity | 6% (6) Not allergic Red man syndrome in - H1 blockers (e.g., dimenhydrinate 62 mg i. v.)
(type B) (pseudoallergy) response to vancomycin | — H2 blockers (e.g., ranitidine 150 mg i. v.)
- glucocorticoid§ (e.g.., predqisqlone 500 mgi. v.)
0.4% Type | (IgE Anaphylaxis in response | — Volume/norepinephrine as indicated
’ yee | (1gE) to pgni)!:illms in resp - epinephrine (e.g., 0.5 mg i. m.) as indicated
- ventilation/coniotomy as indicated
rare Type Il (IgG/IgM) Hemolytic anemia or - substitution of blood components
thrombocytopenia in
response to penicillins
rare Type Il (IgG/IigM) Nephritis in response to - glucocorticoids or other anti-inflammatory substances/
penicillins immune modulators
- volume
1.6% Type IV DIA — reverse isolation (protection of the patient from micro-
organisms)
- prophylactic antibiotic and antimycotic coverage (e.g.,
ampicillin + sulbactam 4 g/d + 0.5 g/d, ciprofloxacin 750
mg/d, fluconazole 200 mg/d)
- growth factors such as filgrastim
DILI - H1 blockers for pruritus
DRESS (type IVb) - antipyretic drugs for fever
- H1 blockers for pruritus
- glucocorticoids, plasmapheresis and/or high-dose
intravenous immunoglobulins
SJSITEN (type IVc) — reverse isolation as indicated
— local treatment as an artifical cutaneous barrier,
possibly with the addition of glucocorticoids and anti-
microbial drugs
- systemic glucocorticoids, cyclosporine, intravenous
immunoglobulins
- antibiotics if there is any evidence of infection
- wound treatment analogous to that of burns (no early
debridement!)
— electrolyte and volume substitution
- analgesia
AGEP (type IVd), MPR - H1 blockers for pruritus
- in the early phase, glucocorticoids

ADR: adverse drug reactions, AGEP: acute generalized exanthematous pustulosis, DI: drug interactions, DIA: drug-induced agranulocytosis, DILI: drug-induced liver injury,
DIRI: drug-induced renal injury, DRESS: drug reaction with eosinophilia and systemic symptoms, EGFR: epidermal growth factor receptor,

19G: immunglobulin G, IgM: immunglobulin M, i.m.: intramuscular; i.v.: intravenous, MPR: makulopapular rash, PD: pharmacodynamics, PK: pharmakokinetics,

SJS: Stevens-Johnson syndrome, TEN: toxic epidermal necrolysis, UGT: UDP-glucuronyltransferase

The relevance of type B adverse drug reactions

Type B adverse drug reactions comprise only a small minority
of adverse events but are of high clinical relevance because of

their apparent unpredictability.
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Common type B adverse drug reactions

Immediate reactions (reactions that arise within one hour) are
the most common type B adverse drug reaction.
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FIGURE 1

Allergic of type | ] Penicillins B Airway
|gE-mediated obstruction
Immediate Hypotension
reaction
Diarrh
Non-allergic armea
NSAID, Rash, pruritus
vancomycin
Allergic of type I Penicillins Thrombocytopenia,
(IgGligM) hemolytic anemia
Allergic of type Il Penicillins Vasculitis, nephritis
(IgGligM)

Delayed reactions (type IV allergy, T-cells)

rash and small pustules
beta-lactam antibiotics, terbinafin

epidermal separation
allopurinol, aromatic anticonvulsants,
lamotrigine

maculopapular (also morbilliform) rash
antibiotics (e.g., ampicillin), nevirapine

rash, fever, lymphadenopathy, blood
count abnormalities (eosinophilia, possibly
thrombocytopenia or anemia)
anticonvulsants, abacavir, allopurinol

changes in the differential blood count
(mainly neutropenia), secondary infections
(pneumonia, cystitis) with sore throat, sepsis,
and fever

clozapine, metamizole, thyrostatic drugs

rapid worsening of GFR (1-7
days), anuria/oliguria
gold, penicillamine, contrast medium

fatigue, nausea, abdominal pain, pruritus/
icterus, coagulopathy, elevation of ASAT/AP/
bilirubin

flucloxacillin, amoxicillin

Hypersensitivity reactions with their immunological classification, classical clinical entities, and examples of precipitating drugs (in red).

AGEP: acute generalized exanthematous pustulosis, AP: alkaline phosphatase, ASAT: aspartate aminotransferase, DIA: drug-induced agranulocytosis,

DILI: drug-induced liver injury, DIRI: drug-induced renal injury, DRESS: drug reaction with eosinophilia and systemic symptoms, GFR: glomerular filtration rate, IgE:
immunglobulin E, IgG: immunglobulin G, IgM:immunglobulin M, MPR: maculopapular rash, NSAID: nonsteroidal anti-inflammatory drugs, SJS: Stevens-Johnson

syndrome, TEN: toxic epidermal necrolysis.

Penicillins, for example, may induce non-allergic
hypersensitivity, as well as allergies of types I-IV.
These different kinds of reaction can also arise
simultaneously. Topical penicillin preparations are no
longer on the market because of the high risk of
contact allergy (10%).

Learning objectives
This article is intended to impart knowledge of:
o the triggers and course of common kinds of hyper-
sensitivity reaction;
e the appropriate treatment of hypersensitivity
reactions; and
o strategies for the avoidance of such reactions, with
the aid of phenotypic testing (laboratory tests, skin

Immediate reactions

Immediate reactions have variable manifestations, ranging
from pruritus to edema, urticaria, and anaphylactic shock.
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tests), pharmacogenetic testing, and desensiti-
zation.

Method

This review is based on publications retrieved by a
search in Medline and other databases that contain rel-
evant information on adverse drug reactions (eBox 1).

The classification and etiology of hypersensitivity
reactions

Hypersensitivity reactions were once thought to be
unpredictable, but an improved understanding of the
immune system, along with data from cohort studies
and pharmacovigilance, have made it possible to
identify the drugs and mechanisms that are mainly

The etiology of type | allergic reactions

Type | allergy involves the IgE-mediated elaboration of
inflammatory mediators such as histamine, heparin, tryptase,
platelet-activating factor, and prostaglandins, which give rise to
an inflammatory reaction.
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responsible for such reactions, and to delineate distinct
clinical syndromes (5, €2).

Immediate reactions

Immediate reactions have variable manifestations,
ranging from pruritus to edema, urticaria, and anaphy-
lactic shock.

The etiology of type | allergic reactions

Type I allergy involves the IgE-mediated elaboration of
inflammatory mediators such as histamine, heparin,
tryptase, platelet-activating factor (PAF), and prosta-
glandins, which give rise to an inflammatory reaction.
Reactions of this type are typically induced by penicil-
lins, for example (Figure 1).

The etiology of non-allergic hypersensitivity reactions
Non-allergic hypersensitivity reactions account for
approximately 77% of all hypersensitivity reactions
(6) and can be induced by substances of many kinds,
including  penicillins and nonsteroidal anti-
inflammatory drugs (NSAID) (Figure 1) (4, €3). The
triggers may induce the release of histamine from
storage vesicles (vancomycin, for example) or lead to
activation of the complement system (e.g., radiologic
contrast dye). The number needed to harm (NNH) de-
scribes the number of persons to be exposed to a certain
trigger until a reaction occurs (1/incidence). The NNH
is high (>1000) for vancomycin, but lower for NSAID
and morphine (NNH ~100). Hypersensitivity reac-
tions are much more common in response to food and
food additives such as benzoates (NNH 11 in persons
with allergic rhinitis) (e4) or sulfites (NNH 14-58)

(e5).

The pharmacogenetics of non-allergic hypersensitivity
reactions

Hypersensitivity reactions may be provoked by
variants in genes being involved in the synthesis or
degradation of inflammatory mediators such as
bradykinin, histamine, prostaglandins, or leukotrienes,
or in the activity of the corresponding receptors. The
most prominent example is an asthma attack induced
by a nonsteroidal anti-inflammatory drug such as diclo-
fenac (7). Another, potentially dangerous reaction of
this type is angioedema induced by ACE inhibitors. The
latter reaction is associated with a genetic variant of
plasma aminopeptidase (8).

Delayed reactions
Delayed reactions, too, may be due to immunologic or
other reactions (eFigure).

The pharmacogenetics of non-allergic hypersensitivity
reactions

Hypersensitivity reactions are associated with variants in the
genes that play a role in the synthesis or degradation of

inflammatory mediators such as bradykinin, histamine, pros-
taglandins, or leukotrienes or in the activity of their receptors.

The etiology of type Il and Ill allergic reactions

In type II allergic reactions, antibodies bind to the ac-
tive substance when it is bound to blood cells, thereby
leading either to hemolysis or to thrombocytopenia. In
type III allergic reactions, antibodies bind to the free
active substance in the blood, forming immune
complexes which, in turn, damage the vascular walls
and glomeruli (4).

The etiology of type IV allergic reactions
Type IV allergic reactions are mediated by T-cells
(Figure 1). These reactions belong to subtypes a
through d, depending on the participating subgroups of
T cells (Table 1) (9). Common syndromes include:
o drug-induced agranulocytosis (DIA)
o drug-induced skin disorders (DISI) such as:
—contact allergy
—fixed drug eruption (FDE)

—acute, generalized exanthematic pustulosis
(AGEP)

—maculopapular rash (MPR), also called morbilli-
form rash

—drug reaction with eosinophilia and systemic
symptoms (DRESS)

—Stevens-Johnson syndrome / Lyell syndrome
(synonym: toxic epidermal necrolysis) (SJS/
TEN)

® drug-induced liver injury (DILI)

® drug-induced renal injury (DIRI)

Contact allergies of the skin, usually consisting of
contact eczema, are also type IV allergies; these can
be induced, for example, by topically applied neomy-
cin. This classic allergic reaction after obligate prior
sensitization is also, to some extent, dose-dependent
(3). It depends on the HLA type as well (10).

These reactions can be hard to distinguish from
type A side effects. For example, glutathione deficien-
cy may be cytotoxic, paracetamol is indirectly
hepatotoxic, and clozapine can cause agranulocytosis.
Even DRESS has a relevant metabolic component
(eFigure).

Mortality

Although delayed reactions make up only a small per-
centage of all undesired events, they are highly im-
portant because of their severity. Acute generalized
exanthematic pustulosis, Stevens-Johnson / Lyell
syndrome (synonym: toxic epidermal necrolysis) and
DRESS carry a high mortality (>1%) are are therefore
also called severe cutaneous reactions. The mortality
of drug-induced agranulocytosis is approximately 5%

The etiology of type IV allergic reactions

Type IV allergic reactions are mediated by T-cells. These
reactions belong to subtypes a through d, depending on the
participating subgroups of T-cells.
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(11), that of DRESS 2-10% (12, e6), that of Stevens-
Johnson / Lyell syndrome approximately 34% (13),
and that of drug-induced liver damage in a range from
0% to over 10% (14).

The high metabolic activity of the skin and liver
presumably accounts for their vulnerability to such
reactions. The skin, in particular, is constantly
immunologically stimulated by pathogens and
noxious substances because of its exposed position.
The same can be said of the gastrointestinal
mucosa, which is another preferred site for hyper-
sensitivity reactions (cramping, diarrhea).

Pharmacogenetic biomarkers

Biomarkers (mostly human leukocyte antigens, HLA)
have been identified for a number of delayed reactions.
HLA genes code for proteins of the major histocom-
patibility complex (MHC). HLA-A, HLA-B, and
HLA-C code for MHC class I proteins, while HLA-DM
to HLA-DR code for MHC class II proteins that inter-
act with T-cells. The nomenclature includes at least the
following: ~ <HLA gene>*<group>:<allele>, e.g,
HLA-B*57:01.

Temporal course

Delayed reactions that take place within the body,
rather than on the skin, may remain unrecognized. In
patients who were not sensitized to the inducing drug at
the beginning of their treatment, delayed reactions can
arise after a delay of days to weeks—sometimes even
after the drug has been discontinued—without causing
any symptoms until then.

Triggering drugs
Antibiotics (particularly beta-lactams) and anti-
convulsants are the most common triggering drugs,
accounting for three-quarters of all cases of hyper-
sensitivity (e7). Further triggers, e.g., NSAID,
antiretroviral drugs, sulfonamides, and allopurinol,
are listed in Figure 1 (classic examples), in
eTable 1 (spontaneous reports), and eTable 2
(manufacturers’ summaries of product character-
istics, via SIDER).

An overview of pharmacogenetic biomarkers can
be seen in the HLADR database (15).

Other factors

Certain diseases alter the probability of hypersensi-
tivity reactions: HIV patients react more commonly to
sulfonamides, while persons with mastocytosis react
variably to a wide range of substances (9).

The skin and the liver

The high metabolic activity of the skin and liver presumably
accounts for their vulnerability to such reactions. The skin, in
particular, is constantly immunologically stimulated by
pathogens and noxious substances because of its exposed
position.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2018; 113: 501-12

MEDICINE

TABLE 2

Determination of the interval
from drug intake to onset of
reaction

the triggering drug

Dechallenge?

Determination of
concomitantly taken

medication actions

Determination of
comorbidities and other

special circumstances reactions

First exposure? - non-allergic versus allergic

Type of reaction? - cf. Figures

- erythema: non-allergic or type |

be responsible?

IgE and other lab tests
(basophil activation test,
leukotriene release test)

specificity

have already been exhausted.

Recommended diagnostic measures for suspected hypersensitivity reactions*

- distinguishes immediate (non-allergic or type I) from
delayed reactions; delayed reactions generally arise
a few days to six months after intake, depending on

— discontinuation of the triggering drug for therapeutic
purposes and to confirm that it was responsible

— evaluation of which drug was the triggering one

— consideration of the contributory effect of drug inter-

- infections and other inflammatory conditions can
either elevate or lower the risk of hypersensitivity

- Could a known pharmacological adverse drug reaction

- causal demonstration of type I, but of little clinical

Genetic testing — HLA testing for type IV reactions
Reexposure — Systemic provocative testing only makes sense if
(provocative test)? there is a clear need for treatment and alternative

treatments or testing methods are unavailable or

- Dermatological tests (prick test,epicutaneous testing)
are less risky, but also less informative. The patient
must be monitored, and emergency treatment (e.g.,
intubation) must be available in case of need.

*Algorithms for the diagnostic process can be found in the pertinent guidelines (17, €23).

Diagnostics
The measures needed to securely establish the diag-
nosis of a hypersensitivity reaction and to document it
adequately (7able 2) are often not carried out in
routine clinical practice, either to save time and
money, or else because of physicians’ inadequate ex-
perience with hypersensitivity reactions. For
example, the detection of abacavir-induced cutaneous
reactions was jeopardized at first by inadequate
documentation of the phenotype (e8). Standardized
questionnaires (16) and photographic documentation
markedly improved the documentation of hypersensi-
tivity reactions.

The diagnostic evaluation of hypersensitivity
reactions consists of thorough history-taking, in vitro

Common precipitating drugs

Antibiotics (particularly beta-lactams) and anticonvulsants are
the most common precipitating drugs, accounting for three-
quarters of all cases of hypersensitivity.
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Increasing mortality

N

For comparison

Figure 2: Cutaneous manifestations of type IV hypersensitivity reactions, in order of increasing mortality:

A) maculopapular rash (MPR): macule and several papules, markedly confluent, without any further systemic manifestations

B) drug reaction with eosinophilia and systemic symptoms (DRESS): variable clinical picture, predominantly papules over the entire body, systemic manifestations
including eosinophilia and fever

C) Stevens-Johnson syndrome (SJS): blisters and epidermal separation (erosions) that typically start on the face and are later seen mainly on the trunk

D) Reactions with skin separation over larger areas are designated as toxic epidermal necrolysis (TEN) or Lyell syndrome.

E) Urticaria in a type | reaction for comparison: hives (wide area,raised), pruritus

F) Oral mucosal involvement in erythema exsudativum multiforme (Fuchs syndrome) for comparison: less mucosal involvement than in SJS, skin lesions often slightly raised.

laboratory testing, and in vivo cutaneous tests and
provocative tests (17).

History

The clinical history must include documentation of the
time from drug exposure to the adverse event, a precise
description of the event (including gastrointestinal and
respiratory symptoms), and an account of the accom-
panying circumstances (concomitant medication, viral
infections, underlying disease).

Dechallenge

A dechallenge-rechallenge test, i.e., the regression of
symptoms after discontinuation of the presumed trigger-
ing drug and their re-emergence after it is reintroduced,
either deliberately (drug challenging) or unintentionally
(inadvertent reexposure), is the most convincing proof of
causality. Before a dechallenge can take place, a hypoth-
esis must be formulated as to which drug (possibly one of
a long list of drugs) is the trigger. Clues in this matter can
be obtained from manufacturers’ summaries of product
characteristics or from searches in adverse drug reaction
databases such as SIDER or OpenVigil (18, 19). The inter-

Dechallenge

A dechallenge-rechallenge test, i.e., the regression of symp-
toms after discontinuation of the presumed offending drug and
their re-emergence after it is reintroduced, either deliberately
(provocative testing) or unintentionally (inadvertent reexpo-
sure), is the most convincing proof of causality.

val of time from drug exposure to symptom emergence is
of paramount importance: unless a delayed reaction has
taken place, the last drug added is usually the one
responsible for the adverse drug reaction.

Laboratory testing

In vitro testing comprises tests for specific IgE (type I
allergy) and for the release of leukotrienes or histamine.
Specific IgEs can be detected and semiquantitatively
analyzed through their binding to an allergen-containing
cellulose sponge (CAP) followed by testing with either
radioactivity (RAST) or fluorescence (FEIA). Type I reac-
tions can also be detected by the basophil activation test.
The lymphocyte transformation test (LTT) also provides
information about type IV allergies, but it is not standard-
ized. All testing methods are of limited sensitivity and
specificity. Not every positive finding is correlated with
clinically relevant symptoms, and vice versa.

Many genetic markers (variants in, e.g., 5'-
lipooxygenase, the histamine receptor, cysteinyl leukotriene
synthetase, arylamine-N-acetyltransferase, aminopeptidase
P, platelet-activating-factor-acetylhydrolase, and HLA)
have been found to be associated with hypersensitivity

Laboratory testing

In vitro testing comprises tests for specific IgE (type | allergy) and for
the release of leukotrienes or histamine.
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reactions, but predictive testing is currently clinically
relevant only with respect to HLA status when certain
specific drugs are taken. Many markers are of little
predictive value (9).

Dermatologic testing

Dermatologic testing includes the prick test and the
intracutaneous test when type I allergy is suspected
(immediate response, can be read 20 minutes after
application) and the epicutaneous patch test or the
intracutaneous test with delayed readout when type IV
allergy is suspected (delayed reaction, readout in 2472
hours). Unlike laboratory tests, these tests may pose a
risk to the patient (e.g., an anaphylactic reaction in type
I allergy or sensitization in type IV allergy).

As drug metabolites often cause hypersensitivity
reactions, the results of testing on the skin, which has
a different liver metabolic profile, cannot simply be
extrapolated to other modes of application of the
presumed triggering substance. Moreover, cutaneous
irritation can occur.

Skin biopsy

In drug-induced cutaneous reactions, skin biopsies can
be taken to prove the diagnosis of type III (vasculitis)
and type IV reactions, especially because a number of
serious drug-induced cutaneous reactions cannot be
detected by epi- or intracutaneous testing.

Drug challenging

Drug challenging, i.e., systemic reexposure to the pre-
sumably triggering drug (by the intravenous, oral, or
other route), may be contraindicated in cases of severe
hypersensitivity. For example, reactions to reexposure
with abacavir are markedly faster (occurring within a
few hours) and carry a higher mortality (20).

The clinical features of selected delayed reactions
Drug-induced agranulocytosis
Aside from toxic (type A) effects of drugs on granulo-
cytes (€9), it is mainly the HLA-dependent activation of
T-cells that leads to drug-induced agranulocytosis (21).
The diagnosis is made by a peripheral blood count
with differential (<500 granulocytes per puL of blood).
An unexpectedly rapid and severe course of a usually
trivial infection is often the first clinical sign. Sepsis
with uncommon pathogens (e.g., mycoses, Brucella,
Helicobacter) may be another sign. The classic mani-
festation is severe inflammation at the typical portals
of pathogen entry—the rectum, bladder, and pharynx.
If the condition is untreated, sepsis and death ensue.

Dermatological testing

This includes the prick test and the intracutaneous test when
type | allergy is suspected (immediate response, can be read 20
minutes after application) and the epicutaneous patch test or the
intracutaneous test with delayed readout when type IV allergy is
suspected (delayed reaction, readout in 24-72 hours).
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The presumed triggering drug should be discontin-
ued, the patient should be isolated, and prophylactic
antibiotics should be given to cover both Pseudomo-
nas aeruginosa and fungal infections.

The pharmacogenetics of clozapine-induced
agranulocytosis

Clozapine-induced agranulocytosis has a frequency of
0.8% (e10) and is due to an interaction of this atypical
antipsychotic drug with HLA-DQB1 and an HLA-B
variant (158T) in which the drug itself acts as a hapten.
The frequencies of these genetic traits are 12% and
17%, respectively, with a 4% frequency of joint
occurrence in the study population (21). For example,
individuals carrying the HLA-DQBI trait are 2.6 times
as likely to develop agranulocytosis after taking cloza-
pine (22).

Severe cutaneous reactions

Drug reaction with eosinophilia and systemic
symptoms (DRESS)

DRESS has variable manifestations, generally a macu-
lopapular rash initially, followed later by lymphade-
nopathy, hepatitis, and eosinophilia. Abacavir-induced
hypersensitivity differs from hypersensitivity reactions
to other drugs only in that eosinophilia is rarer (ell,
e12); the abacavir reaction is nonetheless considered a
type of DRESS (e13). Scoring systems enable objective
diagnostic evaluation (23). In these cases, too, discon-
tinuation of the trigger is the only available causal
treatment.

Acute, generalized exanthematous pustulosis

This condition manifests with erythema and numerous
pinhead-sized pustules on the face, skin folds, and
trunk. A scoring system is available as an aid for diag-
nostic evaluation (24).

Stevens-Johnson syndrome /

toxic epidermal necrolysis

Stevens-Johnson syndrome and toxic epidermal
necrolysis, which are considered to be variants of a
single condition, manifest themselves with blisters and
erosions occupying large areas of the skin (mainly on
the trunk and face) and mucous membranes,
progressing in a cranial-to-caudal direction. The histo-
logic findings include mainly subepidermal cleavage
and epidermal necrosis. The differential diagnosis
includes erythema exsudativum multiforme, which
must be ruled out; this entity is not a hypersensitivity
reaction and generally arises after an infection, but it

Drug-induced agranulocytosis

Aside from toxic (type A) effects of drugs on granulocytes, it is
mainly the HLA-dependent activation of T-cells that leads to
drug-induced agranulocytosis
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TABLE 3
Examples of drugs that induce type IV allergic hypersensitivity reactions, with potential predictive tests, number needed to screen (NNS),
and number needed to harm (NNH)
Biomarker (prevalence) Reaction NNS NNH (according to Is testing required in
(reference) manufacturers’ summaries of | Germany?
product characteristic)
Abacavir HLA-B*57:01 DRESS 13-16 (5) 1-10 yes
(7% in Caucasians)
Allopurinol HLA-B*58:01 in Han Chinese, DRESS 250 (5) <3000 no
Thais, and Southeast Asians
(10%)
HLA-B*58:01 in other ethnic DRESS 825 10 000 no
groups (3%)
Carbamaze- HLA-B*15:02 in Han Chinese, SJSITEN 1000 (5) <1600 yes for patients of Han Chinese
pine Thais, and Southeast Asians or Thai ethnicity
(15%)
HLA-B*15:02 in other ethnic SJSITEN >1000 >10 000 no
groups (< 1%)
HLA-A*31:01 in Japanese (10%) | DRESS 67 (40) 33 no
HLA-A*31:01 in other ethnic DRESS 47 (40) 4 no
groups (3%)
Flupirtine*' HLA-DRB1*16:01 and DILI 8000 (9) >10 000 no
DQB1*05:02
Flucloxacillin HLA-B*57:01 DILI 13000 (9) >1000 no

"It was recommended in February 2018 that the approval of flupirtine be revoked because of its hepatotoxicity. The manufacturers of drugs containing flupirtine thereupon withdrew them
voluntarily from the market.
DILI:drug-induced liver injury, DRESS: drug reaction with eosinophilia and systemic symptoms, SJS: Stevens-Johnson syndrome, TEN: toxic epidermal necrolysis.

bears some clinical resemblance to Stevens-Johnson
syndrome / toxic epidermal necrolysis. It is distinct
from them in presenting with raised, target-shaped
lesions (called bull’s-eye lesions or cockades). A gen-
eralized bullous fixed drug eruption is a further, rare
element of the differential diagnosis.

The assessment of rashes

The following can be warning signs of a serious reaction
carrying an elevated mortality: a bullous skin reaction,
facial and mucosal involvement, eosinophilia, elevated
liver enzymes, dyspnea, and systemic symptoms such as
fever above 38.5 °C and lymphadenopathy (Figure 2).
Infectious rashes should be excluded in the differential
diagnosis (e.g., Epstein-Barr virus, Staphylococcus
exotoxin). Viruses are the most common cause of rash in
children, drugs in adults. A preceding sore throat and
skin involvement beginning on the face are indications
of a probably viral rash.

Stevens-Johnson syndrome /
toxic epidermal necrolysis

Stevens-Johnson syndrome and toxic epidermal necrolysis
manifest themselves with blisters and erosions occupying
large areas of the skin (mainly on the trunk and face) and mu-
cous membranes, progressing in a cranial-to-caudal direction.

The pharmacogenetics of severe drug-induced

cutaneous reactions

The finding of HLA-B*57:01 before the adminis-
tration of the antiretroviral drug abacavir has a 50%
positive predictive value for severe cutaneous reac-
tions, while the absence of this finding has a negative
predictive value above 99% (25). The documentation
of HLA status is therefore mandatory in Europe before
this drug can be given, as the drug may not be
prescribed to to carriers of HLA-B*57:01 (70%
probability of a reaction in a median time of 11 days),

while the risk of a cutaneous reaction is much lower
in non-carriers

(ca. 2%)

(25, el4).

hypersensitivity reactions to carbamazepine are also
associated with certain HLA alleles (HLA-A31:01,
HLA-B*15:02), whose prevalence is markedly de-
pendent on the patient’s ethnic origin (Table 3) (26,
el5). The risk of a severe cutaneous reaction to carba-
mazepine a few days to approximately one month after

The assessment of rashes

The following can be warning signs of a serious reaction carrying
an elevated mortality: a bullous skin reaction, facial and mucosal
involvement, eosinophilia, elevated liver enzymes, dyspnea, and
systemic symptoms such as fever above 38.5 °C and lymphade-

nopathy.
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the onset of treatment is ca. 3% in general, but 100%
among carriers of the biomarker HLA-B*15:02, when
it is found in persons of Han Chinese or Thai ethnicity
(27). Likewise, HLA-B*15:02 is associated with
severe cutaneous reactions to lamotrigine, another
anticonvulsant (28).

Drug-induced liver damage
Typical externally evident signs of severe liver
damage include fatigue, weakness, abdominal pain,
nausea, dark urine, jaundice, pruritus, and fever. Lab-
oratory testing reveals elevated concentrations of the
hepatic aminotransferases (ALT, AST) and alkaline
phosphatase (AP). The ratio of ALT/AP enables
further differentiation of the hepatobiliary damage.
Isolated ALT elevation, or an ALT elevation that is
five times higher than the AP elevation (when the
measured concentration of each drug is compared to
the upper limit of its normal range), indicates hepato-
cellular damage (e.g., due to acetaminophen).
Conversely, predominant elevation of AP may reflect
cholestasis (induced, for example, by an ACE
inhibitor) or fibrosis (induced, for example, by
methotrexate) (29). The degree of severity can also be
estimated (30). Reexposure usually leads to a renewed
hypersensitivity reaction whose course is faster (days,
not weeks) and more severe than the original one (31).
Viral hepatitis is the main differential diagnosis
to be ruled out. Aside from the antibiotics listed in
Figure 1 and the substances mentioned above,
further triggers can be found in the LiverTox
database (32). A history of consumption of certain
botanical extracts and food supplements is relevant;
the so-called natural anxiolytic Kava kava, for
example, was forbidden at one time and is now
available only by prescription because of its hepa-
totoxicity, which is associated with variants of
UDP-glucuronosyltransferase  1A1  (UGT1A1)
(el6).

Pharmacogenetics

Certain types of drug-related hepatotoxicity are associ-
ated with HLA markers, e.g., hepatotoxicity due to the
beta-lactam antibiotics flucloxacillin (2) and amoxicil-
lin/clavulanic acid (33) in carriers of HLA-B*57:01.
Moreover, HLA-A*33:01 is associated with hepato-
toxicity due to enalapril, erythromycin, fenofibrate,
methyldopa, sertraline, terbonafine, and ticlopidine
(30), while HLA-DRBI1*16:01-DQB1*05:02 is
associated with hepatotoxicity due to flupirtine (34).

Drug-induced liver damage

Typical externally evident signs of severe liver damage include
fatigue, weakness, abdominal pain, nausea, dark urine,
jaundice, pruritus, and fever.
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Documentation

The diagnosis of drug hypersensitivity must be
properly documented. Hospital information systems
now enable the deposition of such information in the
patient’s record so that it will be available when the
patient undergoes further treatment or is readmitted.
Such information must also be noted in hospital
discharge summaries to prevent the readministration
of the provoking drug later on. Unfortunately, this is
estimated to occur within six months in 27% of all
patients who have suffered hypersensitivity reac-
tions, solely because of inadequate communication
(35).

If a drug reaction is documented on the basis of in-
formation provided by the patient, the reliability of
this information should be proven and documented as
well. The patient should be provided with an allergy
passport in which the triggering substance and
examples of drugs containing it are explicitly men-
tioned. A common type of inadequate documentation
is that of a so-called penicillin allergy; in many such
cases, a type A side effect (e.g., gastrointestinal
discomfort) has been misinterpreted as a hypersensi-
tivity reaction. Physicians are also occasionally
confronted with vague information dating back to the
patient’s childhood that the patient cannot remember
at all, or, if so, then only incompletely. The uncritical
acceptance and documentation of such “allergies”
leads to the unnecessary avoidance of effective treat-
ments in favor of others that may be less effective or
more costly. No more than 20% of so-called penicil-
lin allergies are really allergies in the strict, classic
sense (36).

Drugs of second choice can also be tested and
documented in the allergy passport so that valid op-
tions will be available later if treatment is needed. It
must be kept in mind, however, that such tests cannot
be anything more than snapshots of the current situ-
ation, and that “prophetic” tests, such as patients often
request, are not possible. HLA genotyping is the
method of choice for the prevention of certain type IV
reactions (e2).

Several further types of genetic testing are avail-
able but are of relatively low predictive value and are
fraught with a high number needed to screen (NNS)
and a high cost/benefit ratio (7Table 3). Such genetic
markers could rather be used for the scientific expla-
nation of hypersensitivity reactions that have already
occurred, with an eye toward strategies of preventing
reexposure.

The documentation of drug hypersensitivity

Information about drug hypersensitivity reactions must be
noted in hospital discharge summaries to prevent the
readministration of the triggering drug later on.
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Treatment

When a hypersensitivity reaction arises, the immedi-
ate discontinuation of the triggering drug is the safest
option. The reaction itself can only be managed with
supportive care, as there is no causally directed
treatment (7able 1). Drug rashes have traditionally
been treated with glucocorticoids, despite their
questionable efficacy (el7, el8). Stevens-Johnson
syndrome and toxic epidermal necrolysis seem not to
respond reliably to either glucocorticoids or anti-
inflammatory drugs (el9, €20). Cyclosporine A might
lower mortality (37). High-dose intravenous immu-
noglobulins are given to treat DRESS, Stevens-
Johnson syndrome, and toxic epidermal necrolysis.
Their efficacy in this situation is thought be mediated
by antibodies directed against the apoptosis-
associated molecules Fas (first apoptosis signal
receptor) and FasL (Fas-ligand L) (e21).

The avoidance of hypersensitivity reactions
Considering the estimated mean cost of €2700 for an
undesired event in Germany (e22), the avoidance of
such events is not just an ethical imperative, but an
economic one as well. Many of these events could,
indeed, be avoided (Table 1).

If a patient reports having suffered from an
“allergy” in the past, this should prompt further aller-
gological testing, unless precise documentation (an
allergy passport) is already available. Often, multiple
testing methods must be used to confirm or refute the
suspected diagnosis.

In case reexposure is possible or medically necess-
ary, patients who have sustained immediate-type
reactions could undergo desensitization therapy (e23).

Economic aspects
The avoidance of undesired events seems economically
meaningful. In particular, pharmacogenetic testing (as
it is now established in modern oncology, for example,
in the form of companion diagnostic testing) can help
prevent serious drug reactions. Genetic testing before
carbamazepine treatment, for example, has been found
to be cost-effective (e24).

Data from the Hong Kong health-care system have
revealed, however, that physicians generally did not

perform the required genetic testing for
HLA-B*15:02 before using carbamazepine, but
rather went ahead and directly prescribed the more
expensive alternative drugs (38). This approach
prevents the use of drugs that are known to be highly

Treatment

When a hypersensitivity reaction arises, the immediate discon-
tinuation of the triggering drug is the safest option. The reac-
tion itself can only be managed with supportive care, €.g., with
glucocorticoids.

effective in favor of others of less certain efficacy,
while burdening the health-care system with un-
necessary costs and, furthermore, complicating the
evaluation of the current guidelines, because recent
data are inevitably distorted by this kind of evasive
behavior.
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economic one as well.
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Question 1

Which type B adverse drug reactions are the most common?
a) non-allergic hypersensitivity reactions

b) type | allergies

c) type Il allergies

d) type Il allergies

e) type IV allergies

Question 2

Which type B adverse drug reactions are T-cell-mediated?
a) non-allergic hypersensitivity reactions

b) type | allergies

c) type Il allergies

d) type Ill allergies

e) type IV allergies

Question 3

Which drug classes most commonly induce hypersensitivity
reactions?

a) glucocorticoids and nonsteroidal anti-inflammatory drugs

b) proton-pump inhibitors and tetracyclines

c) virostatic drugs and anti-estrogen drugs

d) beta-lactam antibiotics and anticonvulsants

e) antihypertensive drugs and antimycotic drugs

Question 4

Which drug can induce an asthma attack in a genetically
predisposed patient?

a) dexamethasone

b) diclofenac

c) epinephrine

d) L-dopamine

e) L-thyroxine

_ =

Question 5

Which genotype must be excluded before the initiation of treatment
with abacavir?

a) HLA-A*24:02

b) HLA-B*27

c) HLA-B*57:01

d) HLA-DRB1*16:01

e) HLA-DQB1705:02

Question 6

What genotype must be excluded before the initiation of treatment
with carbamazepine in a patient of Han Chinese or Thai ethnicity?
a) HLA-A*31:01

b) HLA-B*15:02

c) HLA-B*58:01

d) HLA-C*01:02

)
e) HLA-C*14:03

Question 7

Which method of evaluating a hypersensitivity reaction
carries the highest risk of inducing a life-threatening
reaction?

a) systemic provocative testing

b) prick test

¢) epicutaneous patch test

d) lymphocyte transformation test

e) genotyping

Question 8

Which of the following measures should be taken when a
drug reaction with eosinophilia and systemic symptoms
(DRESS) is diagnosed?

a) discontinuation of the presumed triggering drug

b) treatment with inhaled glucocorticoids

c) topical administration of glucocorticoids

d) reverse isolation precautions

e) volume substitution and catecholamine infusion

—_ ===

Question 9

A patient with gout is admitted to the hospital because of

the sudden onset of fever, lymphadenopathy, and a macu-

lar rash. His medications include ramipril, celiprolol, and

allopurinol. What is the most likely diagnosis?

a) an acute exacerbation of gout

b) influenza

¢) a non-allergic hypersensitivity reaction to ramipril

d) peripheral hyperemia due to celiprolol

e) a drug reaction with eosinophilia and systemic symptoms
(DRESS) due to allopurinol

Question 10

A woman with rheumatoid arthritis is admitted to the
hospital because of high fever and an edematous rash
with pinhead-sized white papules in the groin, axillae, and
elbow creases, of three days’ duration. She chronically
takes prednisolone. Three months ago, she was given
cefpodoxime (a beta-lactam antibiotic) for one week to
treat a urinary tract infection. What is the most likely
diagnosis?

a) acute, generalized exanthematous pustulosis due to
cefpodoxime

Stevens-Johnson syndrome due to prednisolone

fungal infection due to cefpodoxime

exacerbation of rheumatoid arthritis with pustular psoriasis
steroid acne due to prednisolone

b
c
d
e

—_ ===
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Drugs can induce adverse drug reactions (ADR) in a variety of ways.

For example, liver damage can be caused directly by the oxidation of
Drugs hepatic proteins by the toxic acetaminophen metabolite
acetaminophen diclofencac lamotrigine N-acetyl-p-benzoquinonimine (NAPQI) (type AADR). The extent of
I NAPQI production depends mainly on clinical factors. Cell death
secondarily activates the immune system.
toxification, Diclofenac, togther with hepatic proteins, can form haptens that are
e.g., by cytochrome recognized by antibodies (type B ADR). There is subsequent cell
P450 enzymes . . . .
destruction, with an immune reaction.
Finally, some drugs can also directly activate T-cell receptors or killer-
toxic metabolite hapten cell-immunoglobulin-like receptors (the so-called Pl concept, i.e., the
| | pharmacological interaction of drugs with immune receptors [e28]).
— glutathione deficienc
- protein adducts | antibodies | | PI
- oxidative stress 1
| inflammatory reaction |
Y
sessile macrophages NK cells, T-cells
(organoprotective) (organotoxic)
A
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eTABLE 1

Drugs that most commonly cause reported hypersensitivity reactions (Proportional Reporting Ratios)*

_“ DILI Hypersensitivity Anaphylaxis SCAR

Abacavir ‘

Acetaminophen

Allopurinol

Amiodarone

Amoxicillin

Azathioprine

Azithromycin

Bevacizumab

Bortezomib

Carbamazepine

Carboplatin

Cefazoline

Cefotaxime

Ceftriaxone

Cefuroxime

Cetuximab

Cyclosporine

Ciprofloxacin

Cisplatin

Clarithromycin

Clavulanic acid

Clindamycin

Clobazam

Clozapine

Codeine

Cyclophosphamide

Cytarabine

Diclofenac

Didanosine

Docetaxel

Doxorubicin

Doxycycline

Efavirenz

Emtricitabine

Enoxaparin

Epirubicin
Ethambutol
Etoposide

Fluconazole

Fludarabine

Fluorouracil

Furosemide

Gadolinium

Gemcitabine
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Drug DIA DILI Hypersensitivity | Anaphylaxis SCAR | DRESS |

Glatiramer acetate 2.2

Ibuprofen

Ifosfamide

Imatinib

lopromide

Irinotecan

Isoniazide

Lamivudine

Lamotrigine

Lenalidomide

Levetiracetam

Levofloxacin

Lidocaine

Lopinavir

Methotrexate

Methylprednisolone 23
Metronidazole 24 2.7

Midazolam

Minocycline

Moxifloxacin

Mycophenolate mofetil

Naproxen 21

24
Nevirpis s U
24

Nicotine 2.0

Octreotide .
Omalizumab 25 88
Ondansetrone 2.2
Oxaliplatin 24 2.6
Paclitaxel 2.3

Pantoprazole

Peginterferon alfa-2a 24 21

Peginterferon alfa-2b
Phenobarbital

Phenytoin 2.3
Piperacillin 2.9

Prednisolone

Prednisone
Propofol 2.2

Propranolol 2.4

Pyrazinamide

Raltegravir

Ranitidine
Ribavirin 2.1 24

Rifampicin
Ritonavir 29

Rituximab
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Hypersensitivity Anaphylaxis

22.8

Rocuronium

Sorafenib

Spironolactone

Stavudine

Sulfamethoxazole

Sulfasalazine

Tacrolimus

Tazobactam

Telaprevir

Temozolomide

Tenofovir

Terbinafin

Topiramate

Trastuzumab

Trimethoprim

Valaciclovir

Valdecoxib

Valproate

Vancomycin

Verapamil

Vincristine

Zidovudine

Zonisamide

* Data extracted from OpenVigil 2.1-MedDRA on 17 October 2017; U.S. pharmacovigilance data, 2004-2014; first 50 events sorted by frequency; active substance and trade names com-
bined; confounders such as adrenaline, antihistamines, and glucocorticoids have been removed. The heading DIA also includes precipitants of type AADR, such as cytotoxic substances
(e.g., carboplatin). The figures are Proportional Reporting Ratios (PRR), indicating the relative risk compared to all other drugs in the database. A PRR of 2 indicates that the reporting of
this combination is twice as frequent as expected (i.e., a 100% elevation of the frequency).

DIA: drug- induced agranulocytosis; DILI: drug-induced liver injury; DRESS: drug reaction with eosinophilia and systemic symptoms, SCAR: severe cutaneus adverse drug reaction;
dark red fields indicate PRR = 10, i.e., reporting of this event for this drug is at least 10 times more frequent than expected; lightly colored fields indicate PRR = 3 and <10 (a three- to
tenfold elevation above the expected risk).

Deutsches Arzteblatt International | Dtsch Arztebl Int 2018; 113: 501-12 | Supplementary material



MEDICINE

eTABLE 2

Drugs that may cause Stevens-Johnson syndrome,
according to manufacturers’ summaries of product characteristics*
Cong | Foquanyof S Jonson sy |
Aliskiren postmarketing, uncommon
Amprenavir rare
Ciprofloxacin very rare, postmarketing, rare
Cladribine rare
Efavirenz postmarketing, uncommon, 0-3.5%
Felbamate rare
Fluconazole postmarketing, rare
Fosamprenavir rare
Imatinib rare
Nevirapine postmarketing, uncommon, 0.3%
Omeprazol postmarketing, rare
Paclitaxel very rare, postmarketing, uncommon
Pregabalin rare
Saquinavir uncommon
Vemurafenib postmarketing, common
Voriconazole uncommon

* extracted from SIDER 4.1 on 24 October 2017; all entries in which a frequency is given and the frequency
is higher than “very rare.”

Methods and search terms

We carried out a selective literature search in MEDLINE and Google Scholar
employing the following terms: “hypersensitivity,” “exanthem,” “AGEP,” “DRESS,”
“SJS,” “DILI,” “MPE” combined with “symptoms,” “score,” “mortality,” “HLA,” “drug,”
“etiology.”

For a search in the OpenVigil ADR database, standard search terms (standard
MedDRA queries, SMQ) of the Medical Dictionary for Regulatory Activities were
used: “drug reaction with eosinophilia and systemic symptoms syndrome,”
“hypersensitivity,” “severe cutaneous adverse reactions,” “hepatic failure, fibrosis
and cirrhosis and other liver damage-related conditions.”

For a search in SIDER, the following terms were used: “hypersensitivity,”
“Stevens-Johnson syndrome,” “rash,” “anaphylactic shock.”

"«
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