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I ntroduction

Comprehensive practical guidelines for the evatuaéind management of patients with drug
allergy and hypersensitivity are lacking. The awhwave aimed to create such a document that
draws primarily from evidence-based publishedditere and incorporates experience from
experts to fill this current knowledge gap an@xpand the scope of practice for
allergist/immunologists.

The document that follows first reviews the epidelogy, standardized terminology, and
classification of drug hypersensitivity reactioas,these are critical steps in understanding drug
allergy. It then discusses the initial assessmepatents with drug hypersensitivity, gained by
obtaining a thorough history, and important pojesgtinent to the physical examination. It
summarizes the knowledge that guides diagnostas stech as skin testing and drug challenges.
Finally, the authors review protocols for drug higamsitivity management using desensitization
for both adult and pediatric patients, and the appate steps required for safe application of
these protocols. This general section is the pré&afobthe Specific Drugs Section which
discusses published data, clinical experienceracmmmendations for each class of drugs.

Epidemiology of Drug Hypersensitivity

Adverse drug reactions (ADRSs) are estimated towatcior 3% to 6% of all hospital admissions
and to occur in 10% to 15% of hospitalized patieassilting in morbidity, prolonged
hospitalization and increased risk of mortality Although most of these reactions are due to
predictable and dose-dependent effects of drug0¥ of ADRs, including allergic drug
reactions, are unpredictable and dose-indepengif®)(

Allergic drug reactions are also known as hypelseitg reactions and account for about 6% to
10% of all ADRs. In children, drug allergy has abs®en reported with a relatively high
frequency, occurring in up to 8.7% of pediatricigeats in varied hospital settings and 1% to 8%
of visits in outpatient pediatric offices. (4)

From 2001 to 2012, the estimated incidence for gerery department visits for patients with
allergic drug reactions rose from 0.49% to 0.94%dr{=a recent review from Brazil, drug allergy
accounted for 40%-60% of emergency room anaphglagtictions. When 806 patients
presenting with drug allergy were screened, 117504 had been diagnosed with anaphylaxis,
and fewer than 34.2% of those patients had recedpetephrine.(6) The increased incidence of
allergic drug reactions is consistent with an iase=l incidence of overall allergic sensitization
in the population, including reactions to foods atiger allergens.

Classification of Drug Hypersensitivity

Allergic drug reactions are distinguished from othepredictable adverse drug reactions in that
they are mediated by an immunologic mechanism.ibglesclassification scheme permits the
categorization of all allergic drug reactions. Tlaeg currently categorized using the somewhat
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dated Gell and Coombs’s classification into foyrey of hypersensitivity reactions:

Type I: Immediate reactions mediated by IgE antiéetkading to mast cell and basophil
degranulation with symptoms ranging from urticadanaphylaxis. At this time, Type | drug
reactions also include those involving the actabf mast cells and basophils through non-IgE
mechanisms

Type Il: Cytotoxic IgM- or IgG-mediated reactioagainst a cell surface antigen, such as drug-
induced hemolytic anemia

Type lll: Immune complex deposition reactions watttivation of complement, such as serum
sickness-like reactions

Type IV: Delayed T-lymphocyte-mediated reactionglsas contact dermatitis and delayed
maculopapular rashes. Subcategorization of Type#¢étions into a, b, ¢, and d reactions has
expanded the scope of Type IV delayed reactiomsctade those for which the mechanism and
cellular targets are not completely understoodraag involve cells other than T cells.(7)

There are shortfalls to such a system. Some allelrgig reactions cannot be classified due to a
lack of insight into the underlying mechanism,tlee mechanism is known but it does not fall
into the existent classification scheme. Acute tieas to taxanes can trigger mast cell/basophil
activation with elevation of serum tryptase withmothout evidence of IgE, and they are
currently considered Type | reactions and amen@abiiesensitization.(8) Hypersensitivity to
rituximab and other monoclonal antibodies can preas mixed patterns of type | and
“cytokine-storm-like” reactions with chills, fevegeneralized malaise, flushing, and
hypotension, and can be associated with elevatibtrgptase and IL-6 in serum.(9, 10) Patients
presenting with such reactions may have positive tasting, demonstrating that IgE plays a
role in the mixed immune mechanisms.(11, 12) Tineiged reactions may be amenable to
desensitization and, depending on the indicatisiisrequire careful evaluation of symptoms
and adjusted protocols with premedications.

Severe cutaneous adverse reactions (SCARS) ind&lavens-Johnson syndrome, toxic
epidermal necrolysis (TEN), drug hypersensitivgmdrome/drug reactions with eosinophilia
and systemic symptoms (DRESS), and acute genataizanthematous pustulosis (AGEP); as
well as interstitial nephritis, drug fever, vastisliand hepatitis are considered type IV reactions
and are currently a formal contraindication foretfestization. The safety and efficacy of
desensitization for these reactions is unknowhiattime.(13-15) Aromatic anti-convulsants can
induce DRESS, which is also known as anti-convulbgipersensitivity syndrome, and cross-
reactivity among anti-convulsants sharing aromitigs is very high and thought to be due to
specifc HLA phenotypes. In these cases, small atsmfra medication can induce severe
symptoms and desensitization is contraindicatedl (1 6ontrast, reactions presenting as
maculopapular rashes without systemic involvemeantansidered potentially amenable to
graded challenge or desensitization.



106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

135

136
137
138
139
140
141
142
143
144
145

A 2017 Practical Allergy Report (PRACTALL) documdrim a consensus precision medicine
initiative between the American Academy of AsthmbeAgy and Immunology (AAAAI) and

the European Academy of Allergy and Clinical Immiagy (EAACI) has provided an inclusive
definition of drug allergy to encompass phenotygesiotypes, and molecular markers.(17) This
broader categorization, bridging clinical presdntat and symptoms, provides useful tools for a
better understanding of underlying mechanismslefgy and helps personalized
recommendations.(17) Drug allergy phenotypes a®sdied as immediate-onset or delayed
onset. Immediate onset drug allergy includes symptwithin 1 to 6 hours of exposure that are
not limited to IgE-mediated reactions or direct tridl/basophil activation and can occur with
or without previous drug exposure. Delayed-onseg @llergy can occur days to weeks after
allergen exposure and can present with heterogerseoptoms due to isolated single-organ
involvement or systemic multi-organ involvementditypes responsible for immediate and
delayed drug reactions include IgE and direct roaktactivation, cytokine release, T cell
mediation, and genetic predisposition associai#id specific HLA phenotypes, among
additional mechanisms. Biomarkers of drug allergfude specific IgE and tryptase levels and
can be identified using skin testing, basophihatton test, and other approaches.

Risk Factorsfor Drug Hyper sensitivity

Females have a higher risk for drug hypersensitrgtictions, and the mechanisms
underlying this propensity are not fully understdt8, 19) Cyclical hormonal changes are
thought to be the basis for progestogen hypersenggyndromes (formerly progesterone
autoimmune dermatitis), in which either progesterbke hormones that are endogenous or
exogenous during in vitro fertilization treatmeantsestrogens serve as sensitizing allergens
that can induce reactions ranging from dermattiartaphylaxis.(20, 21) Environmental
chemicals containing quaternary ammonium compotmasd in products such as cosmetics
and detergents are thought to be cross-reactivenetiromuscular blocking agents and
opioids and therefore may increase the risk oftr@as during general anesthesia.(@2),

23)

Patients with cancer or cystic fibrosis are likatyhigher risk of drug hypersensitivity as well.
Atopy has been shown to be a risk factor for thestiggpment of drug hypersensitivity in cancer
patients exposed to taxenes.(24) Increased IgHtigatisn to drug allergens has been observed
in patients with multiple drug allergies.(226) In women with ovarian cancer IgE-mediated
hypersensitivity reactions to carboplatin occuanto 27% of the patients after six or more
treatments and earlier in patients WBIRCA mutations?” *® The risk of a patient reacting to
multiple drugs with unrelated allergenic epitopefirequent for IgE mediated reaction but has
been described for type IV reactions.(29, 30) T-dehes isolated from drug allergic patients
with cystic fibrosis were found to proliferate aredease cytokines following stimulation with
piperacillin, meropenem, or aztreonam and crosstikgy with the different drugs was not
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observed indicating specific T-cell responses ttiff@rent antigenic determinanite’

The drugs most commonly implicated in type | reatsiin patients with cystic fibrosis are
penicillins and cephalosporins.(32, 33) Overak@ic reactions to antibiotics are more common
in cystic fibrosis (CF) patients than in the geheapulation. This is due in part to the improving
survival of these patients as well as the increasedof high dose intravenous antibiotics. While
some are immediate anaphylaxis type (IgE-mediat=htions, the majority are late onset and
may have non-specific features such as rash armd.fev

Heterologous responses to viral infections in thietext of specific HLA alleles have been
implicated as novel mechanisms associated with SXJAR, 34) Pathogen-directed T effector
memory cells induce heterologous immune respomsgsan modify T cell-mediated immunity.
Human herpesvirus, CMV, and some other virusesstablish lifelong subclinical infections
and cellular latency, with periodic transcription@hctivation of the virus resulting in viral
proteins that stimulate virus-specific T cell megndn that context, the induction of drug
hypersensitivity requires an HLA risk allele, arpary infection with human herpesvirus or
another virus, and a polyclonal expansion of CD8héimory cells. Upon drug exposure, the
interaction with specific HLAs induces the geneyatof neoantigens recognized by the CD8+ T
memory cells. These reactions can occur at firgbsire and do not require sensitization.(35,
36)

HLA risk alleles are key to the viral responses #real antiretroviral drug abacavir has
exemplified their importance, as it induces sevsfgersensitivity reactions in individuals
expressing HLA-B*5701. Patch testing with abacévipositive before systemic abacavir
exposure in HLA-B*5701-positive individuals (apprmately 5% of those of European
ancestry, 1% of those of Asian ancestry, and <l1%axe of African ancestry) due to the local
skin T cell activation that results from abacavirding to HLA-B*5701. Other risk alleles have
been identified and associated with susceptibilitgromatic anticonvulsants and reactions to
allopurinol and sulfonamides.(37, 38) Genotypingdug susceptibility can identify potential
reactors and aid in protecting at risk populatidng,this recommendation is currently limited to
a few drugs.(17)

Evaluation of Patients with Suspected Drug Hyper sensitivity (Figure 1)

History: A thorough history is essential in the evaluatdpatients with suspected drug
allergy.(39X4) Whenever possible, the medical records shoaildabefully reviewed. Some
important questions to address when obtaining igtety are listed below:

1. What were the names of each of the suspectettatieths and how long ago did the reaction
occur?
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Patients often may not remember the medicationsrreived, and this is especially the case if
multiple medications were given simultaneously,dgample, in an intensive care unit or
operating room. In these cases, reviewing the maédécords becomes critical. It is important to
consider that patients may experience reduced skngjtivity over time.

2. Was this the patient’s first exposure to the icetn?

An IgE-mediated reaction typically does not occithwhe first exposure although the
possibility of exposure in utero or while breastheg should be considered, particularly with
younger children. As mentioned earlier, quaterr@amynonium compounds present in cosmetics
are thought to be cross-reactive with neuromusdiltaking agents and increase the risk of
reactions during general anesthesia. Cross refgdtigtween paclitaxel, with hazelnut and tree
pollen, has been suggested as the cause of rematidinst or second exposure in cancer
patients.(40)

3. What was the underlying condition for which thedication(s) were prescribed?

The underlying condition, such as a viral syndromay be the cause of skin rash or possibly
other symptoms. For example, patients wWilycoplasma pneumoniae infection can develop
acute urticaria or Stevens-Johnson Syndrome.(4lnd&ddition, patients with infectious
mononucleosis are more likely to react to ampitii#3) and patients with HIV infection are
more likely to react to trimethoprim-sulfamethoxkz{4)

4. What were the symptoms and signs of the readiot what was the timing relative to when
the patient received the medication?

Certain symptoms and signs such as urticaria amatyss, particularly if they occur less than an
hour after receiving a medication, would be morggestive of an IgE- or non-IgE-mediated
immediate reaction. This is in contrast to a T-osdldiated reaction, which presents with
different symptoms and is often delayed in nat@ancer patients premedicated with
antihistamines may not describe symptoms of prsidgiwring an IgE-mediated reaction and may
present with delayed symptoms due to the premedicedgimen’s masking of the side effects.

5. If other drugs were concomitantly administergdat was the timing of each symptom and/or
sign in relation to the administration of each ncation?

This may help determine which drug or drugs wereeni@ely to have been associated with the
reaction. In the example of perioperative anaphglake record of the exact time of introduction
of each medication should be reviewed at the tifr@dlergy evaluation. It is similarly important
to check whether narcotics and NSAIDS were adnarest, as these drugs can trigger pruritus
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and potentially rash as a result of scratching@maiérmatographism. This could otherwise be
mistaken as symptoms of IgE-mediated allergy.

6. Has the patient received any of the medicatwresrelated combination medication since the
initial reaction, and were there any reactions @ssed with the most recent exposure?

If there was no reaction with the repeat adminigtnaof the drug or a related combination drug,
it is unlikely that the drug being considered was tause of the initial reaction (e.g., a patient
who has tolerated amoxicillin/clavulanate aftelisidry of amoxicillin allergy is unlikely to be
allergic to either amoxicillin or clavulanate).

7. Has the patient experienced similar symptomsgsig the absence of the culprit medication
(s)?

In these cases the patient’s primary conditionada the trigger for the symptoms/signs rather
than drug exposure, such as urticaria in a patwthtchronic urticaria.

8. How long after the drug was discontinued didrieection resolve, and did the reaction seem
to respond to factors other than discontinuingathgy? Did some of the interventions fail?

A faster resolution suggests IgE or mast cell imgolent. An immediate response to
antihistamines and/or epinephrine might also sugge$gE-mediated or mast cell reaction and a
lack of response makes such mechanisms less liRehign rashes that persist for months or
years are unlikely to be attributable to a drugtes allergic response.

Physical Examination

If the allergist/immunologist is consulted durifggtreaction, performing a physical examination
is critically important. This is particularly relant if there is a rash present, and attentionéo th
pattern and appearance of the rash as well as atheomitant signs will provide important
information about the potential nature of the reerctlt is important to consider the presence of
Nikolsky’s sign (blisters and erosions appear whermal or erythematous skin in between
lesions is rubbed gently) SCARs. Also, the percent detachment of the skigpically less

than 10 percent of body surface in SJS, from 106gmerto 30 percent in overlap SJS-TEN, and
greater than 30 percent in TEN.(45) In additiothi® location, geography, and phenotype of the
skin involvement, findings such as fever, mucosabivement, photophobia, conjunctival
erythema, respiratory distress, lymphadenopathgr br spleen enlargement, or joint
involvement should always be investigated.

More commonly, however, the allergist/immunologgstonsulted in the later stages of a
reaction or after it has resolved. In this scenagwiewing images of the reaction, potentially
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obtained with the current plethora of cell phonmeeas, would be invaluable. Examples of these
include pictures of rash and/or angioedema, mugogalvement, and joint swelling versus
angioedema of the skin overlying the joint areayditians should remember to ask patients
about objective documentation (i.e., photos), depts may not always think to volunteer this
informationt. Such documentation can be incorparatéo the medical record with consent and
protection of identity. In addition, using a cam&abtain such documents in case of future
reactions should be discussed with all patientk ditig allergy.(13-15)

Laboratory Tests: In Vivoand In Vitro

General tests may include a complete blood coutht thie differential focusing on eosinophil
count, liver enzymes, and tryptase level. Elevasdm tryptase levels indicate both IgE- and
non IgE-mediated mast cell/basophil activation.dls\above 11.4 ng/ml are considered
abnormal. There is a linear association betwegrtdsg levels and measures of reaction severity
including the presence of hypotension.(46) Clinsyahptoms of mast cell and/or basophil
activation may be masked in patients premedicatddamti-histamines and/or steroids. In these
cases an elevated tryptase level is an invaluablert identifying reaction-eliciting drugs,
predicting future reactions, protecting patientsrfrre-exposure, and providing a basis for
desensitizations. Another tryptase level shouldlitained after resolution of the reaction
(baseline), as anaphylaxis can occur with normaleatryptase, and comparing changes in a
patient’s tryptase levels to baseline is importasing the formula of a tryptase change >1.2 x
baseline + 2. This will also help identify patiemtgh systemic mastocytosis (elevated baseline
tryptase levels) who are at risk for reactions wlgposed to non-steroidal anti-inflammatory
medications and opioids.(47-49) If tryptase remalesated 4-6 weeks after an initial drug
reaction including anaphylaxis, genotyping for Ki#D816V mutation and a bone marrow
biopsy are recommended to rule out a clonal mdistliserder including systemic mastocytosis.

The signs and symptoms of the reaction will dictatge specific tests such as direct and
indirect Coombs test for type Il reactions and stigation of circulating immune complexes and
complement levels for type Ill reactions. Otherdediory values including erythrocyte
sedimentation rate (ESR), c-reactive protein (CRRJ, urinalysis may be abnormal, suggesting
a type Ill reaction. While they are non-specifisttg elevations in ESR and CRP may be seen in
reactions with systemic features. In complex casegich multiple drugs are involved without
a clear-cut temporal relationship, or in cases @ittfpical skin lesions, obtaining a skin biopsy
could prove useful. However, there are no absdlig®logic criteria for the diagnosis of drug-
induced eruptions, and a skin biopsy might notrdiéfiely exclude alternative causes. Liver
biopsy is rarely indicated if the etiology of hefiatin a patient taking one or more medications
cannot be determined, as drug-induced hepatitiiaga a distinct histologic pattern.(50)

Skin Testing for Evaluation of |gE-mediated hyper sensitivity:
When the history suggests a potential IgE-mediatedhanism, skin testing (skin prick and
intradermal testing read at 15-20 minutes) to thug@) should be considered. Histamine should
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be used as positive control and saline as negadinol. In the evaluation intradermal testing
results, comparing the wheal size with the measen¢mbtained immediately after injecting the
drug should be considered as the saline controalvhay fade and result in false diagnosis. In
many cases, however, skin testing may not be fieasibt only because of the patient’s general
condition but also because of current administratibantihistamines or other medications

which may interfere. In addition, it is best nofperform skin testing within the first 4-6 weeks
following anaphylaxis due to the potential for mesli mediator depletion that may temporarily
lead to false-negative reactions. A refractoryqufor skin testing has been demonstrated in
patients with perioperative anaphylaxis.(51) Imostlesensitization of human skin mast cells has
demonstrated that at least 4-7 days are neededtmre full activating responses.(52) In a
limited study of 25 cases of perioperative anaptiglaskin testing was performed at 2 time
intervals, within 0-4 days, and 4-8 weeks later).(B&8elve patients were positive in both

periods, however 3 patients were only detecteterearly time point, and 10 were detected in
the late period. Hence in patients with severe tmms such as cancer, CF, or other disorders in
which delaying treatment would adversely affecvawal, skin testing may be performed 2-3
weeks after the initial hypersensitivity reactibearing in mind that a false negative result is
possible.

A validated skin test protocol is currently onlyadlable for penicillin and beta-lactams. Non-
irritating concentrations are available for othetilaiotics as well.(54) Skin test protocols have
been reported for a variety of other drugs as Wfethe nonirritating concentration is not
described in the literature or if the medicationésv, skin testing starts with the standard
(undiluted) concentration for prick (in non-vesitamedications and typically not exceeding 100
mg/mL) and 1/100 and 1/10 of that concentrationritiadermal testing in conjunction with skin
testing control subjects. In cases of anaphyladies additional dilution of 1/1000 may be
considered. Although this is a non-standardizeaagth with unknown specificity and
sensitivity, if the concentrations prove to be moitating in control subjects, they may be of use
in patients to help with diagnosing IgE sensitizati

Delayed Skin Test Readings and Patch Testing for Evaluation of Delayed Type
Hypersensitivity:

Delayed skin test reading after intradermal drygation, which can induce local inflammation
and erythema at the site of injection at 24 hoatesrland up to 96 hours later, can be used to
determine type IV sensitization and help prediatt®ns such as maculopapular exanthem
(MPE).(55) The sensitivity and specificity of dedalyintradermal skin test readings have not
been established, but the test has been helpfhéidiagnosis of non-severe delayed reactions
induced by beta-lactam antibiotics, radiocontrastlia, heparins, and biological agents.(56)

Patch testing with application of the drug allergémthe skin can be used to uncover drugs
responsible for contact dermatitis and other typeelctions.(56) Petrolatum is the
recommended base for the dilution of the drugsi¢ally at 10% dilution), and the back is the
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best test location in order to avoid accidentalaeahduring daily activities.(57) Commercial
reagents are available containing common contéagains and provide high specificity for
metal allergies. Commercial patch tests are nailable for systemic drugs in the U.S. Patch
testing has been used for MPE and severe cutaaelvesse drug reactions with systemic
symptoms (SCARS), although its sensitivity is uedgined Since there is potential concern
about SCARs reactivation and/or significant locadizeaction with patch testing, such testing
should only be considered if multiple drugs areoimed and/or the drug is the first line treatment
option or there are no alternate medications avialdn a study of 134 patients with delayed
drug induced reactions, patch testing identifiezl¢hlprit drug in 64% of DRESS cases, 58% of
AGEP cases, but only 24% of SJIS/TEN cases. It fregtiently implicated carbamazepine and
beta-lactams.(58)

Specific In-vitro Assays

A number of drug specific IgE tests are availahtiding but not limited to ImmunoCAP
assays for penicillin G and penicillin V. Howevlese assays have a low sensitivity, rarely play
a critical role in patient evaluation and are ne¢ful in diagnosing penicillin allergy in patients
with remote histories of penicillin allergy.(5®)easuring specific IgE to platins including
carboplatin, cisplatin, and oxaliplatin is a reséaool with potential application in identifying
reactors but requires further study.(60pur expert opinion and review of published data,
commercially available assays for drug reactionslyglay a critical role in the evaluation and
management of patients.

The usefulness of other in vitro diagnostic testsh as the basophil activation test (BAT), has
been reported.(61) It should be noted that BATuisently not commercially available. This test
detects specific activation markers that are exga@®n the surface of peripheral blood
basophils following their incubation with the poti@ily responsible drug. At present, the most
commonly used markers are CD63 and CD203c, anctwhelir expression may help identify
platin-sensitive patients, additional researclecgired. This said, BAT test can identify cancer
patients with carboplatin allergy without the ndéedskin testing. It can be performed shortly
after a patient’s reaction and does not involvertleof skin testing in those with severe
anaphylactic reactions, and it holds potential dmgnostic tool. Specificity and sensitivity are
under investigation, and further validation wilftere studies in larger sample populations.

The lymphocyte transformation test relies on thevatton and proliferation of T cells cultured

in the presence of drug allergens. Reactivity issneed byH Thymidine incorporation after
several days in culture or by ELISPOT or CSFE stginThese tests can be of value in type IV
reactions but have not been standardized in sachramer to be useful in the field of drug allergy
or to be commercially available.(62)

Genotyping is available for the screening of pasiext risk for SCARSs including SJS/TEN, such

as HLA B-5701 for patients starting abacavir treattrand HLA-B*1502 for patients exposed to
carbamazepine. Metabolic pathway analysis for ¢ytmme isoforms of the P450 pathway can

10



390 help identify patients with opioid intolerance, doeCYP2D6 deficiencies and other metabolic
391 defects, that may place them at risk during surgexyanesthesia.(63) It should be noted that
392  while many enzyme pharmacogenomic assays are bhleitheir clinical utility is at this time
393 debatable.

394
395 Drug Challenge
396 Understanding the clinical history and the potdmisks of re-exposure is an important part of

397 managing patients with drug hypersensitivity. Reilatification is a process by which the

398 physician reviews these risks and can then adwasers on optimal next steps. For example, a
399 patient reporting a fine papular non-pruritic rastad no other clinical symptoms while being

400 treated with amoxicillin in the setting of a viiafection is very unlikely to be allergic to

401 amoxicillin. Instead, it is likely that the viratfiection induced the exanthem and if re-exposed to
402  amoxicillin the patient is unlikely to experienceash. In contrast, a patient who reports recent
403  symptoms of anaphylaxis requiring treatment witmephrine during a carboplatin infusion is
404  likely to be allergic to carboplatin. The Brown ghglaxis criteria(64) is useful in risk

405  stratification prior to desensitization and consaihgrades, with grade 3 associated with changes
406 in vital signs, syncope, or seizures and beingeatpst severity (Table I).

407

408 The process of obtaining an informed consent istégatient safety and is critically important
409 to delivering quality patient care. The risks, H@seand potential alternatives of all procedures
410 should be discussed in detail with the patient@nafpediatric patient’'s parents, and approval
411  along with a signed consent form is recommendedrbgfroceeding.

412

413  Protocols
414  Drug challenge is considered the gold standarthi®diagnostic evaluation of adverse drug

415 reactions. This procedure is defined as the re-aidimation of a drug, usually with progressively
416 increasing doses, to verify that a patient doeserperience an adverse drug reaction, It is ideal
417  to perform skin testing first whenever possibleatipalarly in cases where immediate reactions
418 are being assessed and/or when the maximum néattiitg concentration for skin testing of the
419 drugis known. Generally, drug challenge is subeatiy performed in patients with negative
420 skin testing. It can also, however, be used iratheence of prior skin testing based on the

421 patient’s history, especially if skin testing istf@asible or validated. Drug challenges should
422  only performed where immediate clinical suppomvsilable.

423

424  Graded challenges can usually exclude immediatersgpsitivity in patients with a low-risk

425 history and allow for the evaluation of cross-reatst of structurally-related compounds among
426  different drug classes. This approach is not recendad for patients with a history consistent
427  with a severe non-lgE-mediated reaction, or SCARS &1s SJS, TEN, interstitial nephritis,

428 hepatitis or hemolytic anemia.(13-15) If the higtagkin test, and/or laboratory data suggest a
429 mild non-lgE-mediated reaction or a reaction thas wossibly unrelated, re-administration of
430 the drug using a graded challenge procedure magpitgdered. Unlike desensitization
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procedures, graded challenge does not modify amtatimmunologic reactivity. After a
successful graded challenge and therapeutic cofitbe drug, future courses of the drug can be
started without the need to perform another chgélein contrast to desensitization, wherein
patients receive incremental doses of a drug whe banfirmed or highly-likely allergy, drug
challenge is a diagnostic procedure that is perdorm cases of low suspicion that a reaction is
due to drug hypersensitivity. Graded challenge bwgonsidered with caution for patients with
serum sickness-like reactions (SSLRs), and it ghbalon an individual case basis that balances
risks, benefits, and alternative approaches.

Drug challenges should be performed in a monitcli@ical setting with rescue medications
available in the event of a reaction. The decistoperform a drug challenge and location of the
challenge, that is, in an outpatient clinic or imare monitored setting, may be determined
based on the patient’s history, age, developmemadlirity, current clinical condition, and skin
testing.

Despite the widespread use of drug challengesgatpt there are no evidence-based guidelines
delineating the optimal number of steps. In amépeblication, lammatteo et al. sought to
determine the safety of test doses, or gradedesigdl among patients with a history of adverse
drug reactions.(65) A test dose could be consideithér as synonymous with a typical, multi-
step graded challenge or as a subset that consiStet or two steps. A one-step test dose was
defined as the administration of the full dose afiedication followed by a specific time period
(i.e., 60 minutes) of observation. A two-step tisse was defined as 1/16f the full dose for a
parenteral medication or ¥4 of a pill for an oraldieation followed by administration of the full
dose after a specific period of observation. Tha@s compared the outcomes of one- or two-
step test doses with multi-step graded challengegdsed of three or four steps performed
during the same time period. They found that oméwo-step test doses were safe in
appropriately selected, low-risk patients for thraleation of adverse drug reactions. The
overwhelming majority of test doses did not regukhidverse drug reactions. Furthermore, when
reactions did occur they were mild and often ditirequire treatment. Multi-step challenges do
not seem to confer additional safety, but they tmaperformed depending on patient history or
when caution is required, such as in those withedyor multiple co-morbid conditions. The
starting dose for graded challenge is generallijzdnghan for desensitization procedures and
subsequent doses are usually administered in tiddfide increments in contrast to the 2-fold
increments used in desensitization.

Time intervals between doses vary based on thedlpetential reaction (i.e., immediate versus
delayed), and they typically range from 30 to 6@utes. A typical starting dose for graded
challenge to a drug is 1/@f the target treatment dose, followed by 8/1Dhe protocols for
local anesthetics(66) and NSAID challenge generallglve more steps.(67) Other approaches
should be considered to assess delayed reactitis) may require longer observation periods
and/or updosing intervals anywhere from 24-48 heaisto 14 days as described in the
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literature. The route of administration may be pirstktavenous, subcutaneous, or
intramuscular.(68, 69)

Additional education about test doses and drugexngeé in patients who are unlikely to be
allergic will expand the scope of practice, as mafhthese can be performed safely in an
outpatient allergy clinic by trained staff.

Drug Desensitization
M echanisms

The term drug desensitization is defined as a phaeethat modifies a patient’'s immune
response to a drug, allowing temporary toleranciehvban be maintained—as long as serum
drug levels are maintained. This state is losbas &s the drug is eliminated (2-3 half-lives).
Desensitization protocols are specific for eaclgdmd each patient and typically include more
than 3 steps. The starting dose is approximatdl§,@0d"of the final dose, with doses doubling
at each increment until the target dose is attafBe®esensitization results in transiently
reduced skin sensitivity to drug allergens in mpeients with IgE-mediated reactions, and some
become skin test negative by the end of the pra{@€) The mechanisms by which temporary
mast cell/basophil tolerance is induced during dtegensitization are not entirely clear. They
are thought to be due to subthreshold doses ajemthat are not internalized and rearranged at
the membrane and thus uncouple specific calciuporeses.(71) Activation of inhibitory
molecules preventing signal transduction and ptistg@gainst cell activation and the release of
mediators involved in anaphylaxis has also beenodestnated in mast cells in vitro. The
possibility that IgG antibodies may neutralize dagitopes and serve a "blocking" function for
IgE-dependent reactions has not been conclusietodstrated, and maintaining drug
desensitization state is dependent upon continexjpssure to the drug.(72)

Patients with an IgE-mediated drug allergy oftespoand well to desensitization procedures.
However, similar desensitization procedures hawm liecreasingly used with success in patients
for whom evidence of IgE sensitization is lackimglavho may have experienced direct mast
cell/basophil activation through immune and non-ume related receptors.

Delayed reactions usually begin a few hours aftposure to the culprit drug and are typically
classified as type IV reactions. The symptoms ¢diybxl reactions are usually limited to the skin
with maculopapular rashds.should be noted that chemotherapy and monoclamt#bodies can
also induce delayed reactions. These have feabfifBge | classification that occur hours to
days after the infusion and are due to the proldraystemic effects of premedications.

Desensitizations for type IV reactions have beafopmed with increasing frequency and

success, although no standardized protocols aikallea In many instances a patient’s clinical
history suggests allergy but there are limited ctbje data proving allergy before desensitization
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is performed with success, and this presents aat&vé¢his scenario. Reactions that involve
mucosal membranes and/or are associated with sgségmptoms are not amenable to
desensitization due to the risk of inducing a sewsistemic reaction similar to the initial
reaction with even minuscule amounts of drug antige

The mechanism of delayed reactions is not fullyarstbod. T cell activation has been evaluated
in vitro following exposure to drugs inducing magpdpular rashes. CD4+ and CD8+ T cell
sulfamethoxazole specific clones secretingyAN-10 and IL-6 have been derived from cystic
fibrosis patients presenting delayed rashes. Fustinely into these and other underlying
mechanisms is required.

Principles and Procedures

Desensitization to a drug with validated skin tegshould be considered if the patient has a
positive skin test reaction and when no alternat&tment option is available, or when the drug

is first line treatment and desensitization is atbierwise contraindicated. In the case of drugs for
which no validated skin tests are available, daseagson may be considered regardless of the
skin test result or even in patients with posisken test, depending on the pattern of their ihitia
drug-associated reaction.

Although desensitization is most successful ifitfstory is strongly suggestive of an IgE-
mediated reaction, as mentioned earlier it is ptsssible to perform desensitization for non-IgE-
mediated immediate drug reactions including sorpe ty reactions.

Desensitization is not recommended for type Il eyp@ Il serum sickness-like reactions and
should NEVER be attempted in patients with hiseoéreactions including SCARs that involve
significant skin desquamation such as EM, SJS d&f. THven small doses of the drug may
induce irreversible and potentially fatal recurrdasquamative reactions.(13-15, 73)

Immediate reactions begin suddenly, usually withinutes of initiation of the infusion in the
case of intravenous or injected medication or witm hour of the intake of oral medications.
Because chemotherapy drugs and monoclonal antdbothg be administered with anti-
histamine and steroid premedication per nationaleimes, acute reactions may happen later
than one hour after the exposure. The signs ang@teyns most typical for immediate-type
allergic reactions include pruritus, flushing, catiia, angioedema, throat tightening, wheezing,
nausea, diarrhea, hypotension, syncope, and caspioatory arrest that can lead to death.(9, 73-
75) Atypical symptoms include back, chest or abda@inpain, chills, and fever (such as seen
with taxenes, oxaliplatin, monoclonals such asmhab, and intravenous iron preparations).(10,
76-80) These reactions result from the suddenatativ of mast cells and/or basophils through
IgE and non-IgE mechanisms, both of which respordesensitization protocols.(9) Drugs
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implicated in IgE-mediated allergic reactions irdgibut are not limited to antibiotics such as
penicillins and cephalosporins,(81) platinum-basieeinotherapy agents

(e.g.,_carboplatin, cisplatin, and oxaliplatinkeaes including paclitaxel and docetaxel(60, 77)
and monoclonal antibodies such as rituximab, amab, trastuzumab, and infliximab.(82)

If desensitization is being considered, appropsatecialists including those in infectious
disease, rheumatology, oncology, and pulmonologylshbe consulted to help determine
reasonable alternatives to the drug in questioroaridat in fact the drug is first line treatment
for the patient’s condition. For example, if a patihas penicillin allergy with positive skin
testing, is penicillin treatment requiring desamation the optimal next step or are there
reasonable alternative treatment options?

Similar to graded challenge, signed informed conserst be obtained and patients and/or a
patient’s parents or guardian should be informedl desensitization involves administration of a
drug to which the patient is known or highly sugpddo be allergic. Accordingly, there is
substantial risk of at least a mild allergic reactiAnaphylaxis is always a risk and is more
common in highly sensitized patients or with aggnesdose escalations.

Drug desensitization should always be done inrggtin which resuscitation personnel and
resources are readily available. One-to-one nuisingguired with a nurse who has been
specifically trained to monitor desensitizationtpals and recognize and treat allergic
reactions, including the prompt administrationrafamuscular epinephrine for anaphylaxis.
Depending on the patient’s history and whetherithtke first desensitization or a repeat
desensitization following one that was previouslgcessful, the physical location may be an
intensive care unit, inpatient floor, or outpatierfision center. Patients with mild-moderate
reactions can be desensitized in the outpatienhgetnder close observation by experienced
and appropriately trained staff with readily avaitaresuscitation medications, equipment and
resources.(9, 82, 83) Patients with more severiozs including grade 3 reactions should be
desensitized in an intensive care unit. For patiernith cardiac disease, those with restrictive or
obstructive pulmonary diseases, and those for wiheta-blocker therapy cannot be easily
discontinued for the procedure, desensitizatiomlshbe performed in an intensive care setting.
Desensitization in an intensive care setting ie aiest often preferable for the younger pediatric
population, particularly in the case of first-tidesensitizations. Young children have more
limited and potentially less reliable communicatgkills than adults. This would also apply to
older children with developmental issues and aduills the same. After an initial successful
desensitization, repeat procedures may be performadarefully monitored outpatient center in
the presence of appropriately trained staff.(9) Jingervising physician should be available
throughout the procedure and located within a fenutes of the desensitization site.

Drug desensitization can be performed in patiehtsg age and in pregnant women when
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alternative therapies are not possible (e.g., émi@llin treatment in a penicillin-allergic woman
with syphilis).(84-86)

Premedications, Types and Use
Pretreatment with H1 blockers, H2 blockers, ankitgtienes or leukotriene receptor antagonists,
prostaglandin antagonists, and/or corticosteroidg be considered in selected cases,

particularly in more difficult cases and those taig more likely to be non-IgE-mediated.
Although clinical experience supports the use ehprdication regimens to decrease the
incidence, frequency and severity of reactionsgngdrclinical trials comparing premedication
protocols are lacking. Premedications may not prelgE-dependent anaphylaxis, but they may
help prevent and treat breakthrough reactionssesaf desensitization for suspected IgE-
mediated drug allergy.(9, 87)

Protocols for immediate reactions

Protocols for drug desensitization have been sstadbsused for antibiotics, chemotherapy
drugs, and monoclonal antibodies among other drugatients with IgE- and non-IgE-mediated
hypersensitivity reactions. The most commonly usé@venous desensitization protocols are
standardized 12- to 16-step protocols. The 12stefocol is used for patients with initial
reactions of grades | and Il per the Brown anaphgyleriteria(64) and assumed mild to moderate
risk of adverse events during desensitization. Téstep protocol is employed for patients with
grade lll reactions including anaphylaxis who aréigher risk during desensitization. Protocols
shown(Figure 2) have been used successfully in adult patients iwimediate hypersensitivity
reactions to a variety of drugs including antilstichemotherapy, monoclonal antibodies, and
other drugs.(24, 70, 83, 88, 89) These protocatsprise 3 or 4 intravenous bags of a drug
concentration that approximately doubles at eag gp to a full concentration bag (1:1). The
protocols have also been successfully used inedefric population, although in cases of
desensitization to monoclonal antibodies youngéept seem to require more prolonged
procedures with slower last step infusion rate3.[®@@ddition, desensitization to coagulation
factors requires more prolonged protocols, likakg do the presence of inhibitor antibodies in
these patient@1, 92) A variety of other protocols have been describatdomly for intravenous
desensitization but also for oral, subcutaneous janaperitoneal routes in both outpatient and
inpatient contexts.(8, 9, 74, 81)

The main risk during a desensitization proceduthas of a recurrent immediate reaction and
anaphylaxis when the patient is re-exposed touh@itdrug, but current data suggests that most
breakthrough reactions are mild and less severettigapatient's initial hypersensitivity reaction.
The authors are unaware of any published fataligsslting from failed desensitization
procedures, and they are considered to be safeguozs when no alternate treatment is
available or the drug is first line treatment floe fpatient’s condition.(9, 81)
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Milder reactions can be treated with the same nag¢idics described above as premedications
and the desensitization may be resumed, usuall\sktwer rate, after such mild breakthrough
reactions. Rare delayed reactions have been egpfmflowing desensitization in patients who
required high-dose or extended-duration therappiting serum sickness, hemolytic anemia,
thrombocytopenia, and nephritis.(93-95)

Once the patient has received at least one fu# dfter desensitization without further reactions,
subsequent dosing may be administered with outgattatus, assuming proper patient education
and the availability of epinephrine auto-injectdf£hanges in dosing schedule are indicated for
the patient’'s convenience, the medication can barastered earlier than a scheduled dose. This
will maintain the temporary induction of tolerarstate, as long as the new interval is not
interfering with the steady state of the drug aieptially leading to drug toxicity. It is advised

that these changes are made during inpatient statlithat the patient is discharged on a strict
dosing schedule.. Subsequent dosing should be &dengd on schedule and if there is a delay
in administration and/or one or more doses areadigben the patient may have to undergo
desensitization again, particularly if the delayngoises more than two half-lives of the
medication.(96)

Protocols for Delayed reactions (Figure 3)

Protocols for desensitization after mild delayeact®ns include starting doses at 1/100000 to
1/100 the target dose. Each subsequent step ddbhbkléese at time intervals ranging from 30
minutes to 6 to 12 hours. These protocols spanrakesays, and recent data suggest that some
mild delayed reactions may be amenable to usingpeots with shorter time intervals.(8, 9)
Rapid graded challenge protocols similar to desieation protocols (more than 3 doses at fixed
time intervals) for trimethoprim sulfamethoxazokevk been successful for delayed
reactions.(97) Patients with delayed reactionsautheatures of SIS/TEN can lose sensitivity
over time, similar to those with IgE-mediated réawd, and it is possible that some of these
patients may have had reduced sensitivity priateensitization. It is also possible that a rapid
desensitization protocol targets T cell signal $darction as it targets mast cells and
basophils.(71, 72, 98)

Decision M aking and Best Practicesfor Drug Allergy: The Penicillin Pathway

Evidence suggests that patients lose allergic setsto drugs over time and because reactions
attributed to drug allergy may not be truly allergiepriving patients of their first line therapy a
the critical time of need is not optimal. Patielaiseled as penicillin allergic when entering a
hospital may suffer from unnecessary increaseditadization days and infectious

complications, and they may incur increased hezlth costs due to the use of a more expensive
antibiotic.(99) Over the past few years, clinicedgiices and pathways have been developed to
guide clinicians in addressing patients with a labgenicillin allergy who are in need of beta-
lactam antibiotics.(100) With the goal of avoidimgrbidity and mortality and providing safe

first line antibiotic coverage, a Penicillin Pathyaas been developed at Partners institutions in
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Boston and other institutions nationwide. When tooastraints do not allow for skin testing or
alternative tests, the clinical history directs tleeision making process according to type |
reactions, type Il-IV reactions, and mild reactiamduding delayed rashes. Alternative
antibiotics, test dose procedure, and challengedasdnsitization are recommended based on the
presence of differentiating symptoms in the histamg on risk stratification (Figure 4). It is
mandatory that an allergist/ immunologist be inealwn cases with high index of suspicion for
type | reactions to provide recommendations armktéorm appropriate measures including

skin tests. It should also be noted that such goridhmic approach, in avoiding penicillin and
prescribing beta-lactams that may not be ideatradteses, does not substitute for future
penicillin allergy testing. This testing shouldIdtie performed at a non-emergent time in either
the inpatient or an outpatient setting. Preliminauycomes indicate that there have been no
cases of SJIS/TEN or anaphylaxis in the first 12 timoof applying this clinical standard at one

of the Partners hospitals based on its use in aelvendred patients. The Pathway has also been
translated into an application that can be viewed dand held device, and newer pathways for
cephalosporin use have also been devefSpet
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966 FIGURE 1: Algorithm for Evaluation of Drug Hypersstivity Reactions

967 e Absolute Contraindications: SCARs including Stevens Johnson Syndrome and other
968 Bullous Dermatitis, Toxis Epidermal Necrolysis, DRESS syndrome, AGEP

969 *  Grading: Based on Brown anaphylaxis criteria®

970

971 FIGURE 2: A. Desensitization Protocol for Intraees Medications ( Carboplatin 500 mg) (Adapted
972  from Sloane 201%
973  B. Desensitization to Methotrexate 1000 mg

974

975  FIGURE 3. Graded administration protocol for SMX/TMP (10 steps)*®
976  *Dosing interval is daily.

977  SAdapted from reference 103.

978

979  FIGURE 4: Penicillin Hypersensitivity PathwAs
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Table I. Severity grading system of immediate Hypersensitivity reactions. (Adapted from

Brown)(64)

Grade | Severity Description

1 Mild Symptoms are limited to the skin (eg, flushing) or involve a single
organ/system and are mild (eg, mild back pain).

2 Moderate | Symptoms involve at least 2 organs/systems (eg, flushing and
dyspnea), but there is no significant decrease in blood pressure or
oxygen saturation.

3 Severe Symptoms typically involve at least 2 organs/systems, and there is a
significant decrease in blood pressure (systolic <90 mm Hg and/or
syncope) and/or oxygen saturation (<92%).




Treatment with a drug with prior history
of hypersensitivity is indicated:

= |t is the best first line teatment drug
« There are no slernate non-cross reacting
effectivedrugs availabe
» There are no absolute contraindications
» Consider relative contraindications

L Waru-

Can skin testing to the drug be
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= Fatiznt is clinically siable

« No recent antihistsmine use

= Patient is not on p—blockers

» Intact skin availabke for testing Na

Graded Challenge
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Desensitization
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Graded Challenge
Grade | and |1 reactions
Desensitization
Grade 1| reactions




A.

Name of medication: Carboplatin
Target dose(mg): 500
Standard volume per bag (mL): 250
Final rate of infusion (mL/hour): 80
Calculated target concentration (mg/mL): 2
Total
Concentration otaimg Amount infused
Volume
(mg/mL) (mL)
per bag
Solution 1 250 mL of mg/mL
0.020 5.000 9.25
Solution 2 250 mL of mg/mL
0.200 50.000 18.75
Solution 3 250 mL of mg/mL
1.984 496.065 250.00

***PLEASE NOTE***

solutions are not completely infused.

The total volume and dose dispensed are more than the final dose given to patient because many of the

Dose
. . . Volume infused administered Cumulative dose
Step Solution Rate (mL/hour) Time (minutes) Panstep (ML) with this step (mg)
(mg)
1 1 2.0 15 0.50 0.0100 0.0100
2 1 5.0 15 1.25 0.0250 0.0350
3 1 10.0 15 2.50 0.0500 0.0850
4 1 20.0 15 5.00 0.1000 0.1850
5 2 5.0 15 1.25 0.2500 0.4350
6 2 10.0 15 2.50 0.5000 0.9350
7 2 20.0 15 5.00 1.0000 1.9350
8 2 40.0 15 10.00 2.0000 3.9350
9 3 10.0 15 2.50 4.9607 8.8957
10 3 20.0 15 5.00 9.9213 18.8170
11 3 40.0 15 10.00 19.8426 38.6596
12 3 80.0 174.375 232.50 461.3405 500.0000
Total time: 5.66 hours
B.
Name of medication: Methotrexate
Target dose(mg) 1000
Standard volume per bag (ml) 250
Final rate of infusion (ml/h) 80
Number of bags 4
Time per step 15 minutes
Total numbers of steps 16 steps
Standard time of infusion (hours) 6.6h
Vol A f bag inf
Bag olume per Concentration (mg/mL) Total dose per bag (mg) T U

bag (mL)

(mL)



1 250 0,002 0,500 9,38
2 250 0,040 10,000 9,38
3 250 0,400 100,000 18,75
4 250 3,968 992,106 250,00
SEo B Rate Tirpe Ct'JmuIat'ive in:‘/isl:g‘:er D9se ac'jministered Cumulative Fold increase per
(mL/h) (min) time(min) S with this step (mg) dose (mg) step
1 1 2,5 15 15 0,625 0,001 0,001 2
2 1 5 15 30 1,25 0,003 0,004 2
3 1 10 15 45 25 0,005 0,009 2
4 1 20 15 60 5 0,010 0,019 2,5
5 2 2,5 15 75 0,625 0,025 0,044 2
6 2 5 15 90 1,25 0,050 0,094 2
7 2 10 15 105 2,5 0,100 0,194 2
8 2 20 15 120 5 0,200 0,394 2,5
9 3 5 15 135 1,25 0,500 0,894 2
10 3 10 15 150 2,5 1,000 1,894 2
11 3 20 15 165 5 2,000 3,894 2
12 3 40 15 180 10 4,000 7,894 2,485
13 4 10 15 195 2,5 9,921 17,815 2
14 4 20 15 210 5 19,842 37,657 2
15 4 40 15 225 10 39,684 77,341 2
16 4 80 174,375 399,375 232,5 922,659 1000,000 2
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Step Dose of SMX/TMP, mg/mg

2 4/0.8

4 16/3.2

80/16

320/64

10 800/160




Lyvpe IV HSR

Serum sickness Anaphylaxis
Angioedema
Wheezing
Towmic Epidermal Mecrolysis Laryngeal edema

Stevens-Johnson Syndrome

Acute Interstitial Nephntis Hypotension
(AIN) Hives/urticaria

Drug Rash Eesinophilia OR

SRS SO g Unknown reaction WITHOUT mucosal

Syndrome y - -
involvement, skin desquamation or organ

nvolvement

OK to:
Avoid using PCN, Use 3%4my5™ generation cephalosporins or
cephalosporin, or carbapenems” by Test Dose Procedure
carbapenem
OR
Use alternative
agents by microbial Use altemative agent by microbial coverages

coverages
OR

Aztreonam”

OR
If a PCN or a 1st'2nd generation cephalosponin
is preferred, PCN skin testing is indicated.

Call’'consult Allergydmmunology, if available. If
not available, desensitization may be considered.

- -
Minor rash
(not hives)

Maculopapular rash
(mild Type IV HSR)

Record lists allergy.
but patient denies

OK to:
Use full dose
3%4M/5™ generation
cephalosporin

OR

Use penicillin or 1#/2"
generation
cephalosponn by
Test Dose Procedure

OR

* ALTERNATIVE AGENTS BY MICROBIAL COVERAGE:

Gram positive coverage: Vancomycin, linezolid®, daptomyecin®, clindamycin, doxycycline, TMP/SMX
Gram negative coverage: Quinolones, sulfamethoxazole / trimethoprim, aminoglycosides, aztreonam'”

Cephalosporins by generation:

1¥cephalexin/cefazolin » 2™cefoxitin/cefurcxime
3"cefiriavone/cafiimel/cefotaxime/cafpodoxime/caftazidime” o 4™ cafepime o 5%caftaroline®

HSR: Hypersensitvity Reaction
* Approval required



