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Abstract

Severe cutaneous adverse reactioBEARS) encompassa heterogeneous group adelayed
hypersensitivity-reactions, which angost frequently caused by drugs. Our understanding of several
aspects 05CAR.syndromes has/olved considerablgver thepreviousdecadeThis reviewexplores
evolving knewledgeon the immunopathogenic mecl&ns, pharmacogenomic associatiamsyivo
andex-vivo diagnastics for causality assessmami medication crosseactivity dataelated toSCAR
syndromesGiven“the rarity and severity of these diseasadtidisciplinary collaboration through
large international, national and/or multicentre netwotkscollect prospective data on patients with
SCAR syndromesshould be prioritized. Thisvill further enhance a systematiséramework for
translating epidemiological, clinical, and immunopathogenetic advantepreventive efforts and

improved oticomes for patients.

What's already known about this topic?

e Severe cutaneous adverse reactions (SCARS) encompass a heterogeneous graypdof del
hypersensitivity reactions, which are most frequently caused lgg dru

o Thegdesignatior'SCAR most commonlyincludes StevensJohnson yndrome (SJS), toxic
epidermal necrolysis (TENBJSTEN overlap,drug reaction with eosinophilia and systemic
symptoms’ (DRESS)/druimduced hypersensitivity syndrome (DIHS or HSS) aaulte
generalised exanthematous pustulosis (AGEP).

e The pathogenesis underlying-cEll mediated delayed hypersensitivity reactions involves

interactions between small molecule drugs, HLA Class | molecules-agll feceptors.

What does thisreview add?
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o Therapid evolution of parmacogenomidiscoveriesassociatingevere Tcell mediatedirug
hypersensitivity syndromelsave created the promise of prevention. This has led either to
universal HLA screening prior to drug prescriptiang( HLA-B*57:01 andabacavir) or
specific recommendations regardinglLA genotyping before prescription of drugs in
suseeptible populatior(e.g. HLA-B*15:02 and carbamazepine)

o Knowledge of the immunopathogenesis of SCAR andri@sel and nommutually exclusive
mechanisms bwhich drugs activate-€ells has evolved.

e |Im=vivorandex-vivo diagnostics arbeing increasingly employdd aidcausalityassessment

e Knowledge of crosseactivity betweerstructurallyrelatedmedicationss still rudimentary
however,this knowledgemay avoid precipitatingsubsequensevere episodeand minimise

unwarranted restriction dlierapeutic options.

Introd uction

Severe cutaneous adverse reactioBECARS) encompassa heterogeneous group alelayed
hypersensitivity reactionsnost frequently caused by drygshich are associated with significant
morbidity afd=mortality> SCARs include StevensJohnson syndrome (SJS), toxic epidermal
necrolysis (TEN), drug reaction with eosinophilia and systemic symptoms (®RESginduced
hypersensitivityssyndrome (DIHSr HSS andacute generalisedkanthematous pustulosis (AGEP).
The clinical, biochemical and histological characteristics of these syndromes are sumimdrisd
1.

Our understandingf several aspects &CAR syndromes hassolvedconsiderablyover theprevious
decadeThe recent 2016 UK guidelines on tineanagement of SJS/TEN adults highlighted many
areas of evolvingesearctf The aimof this review articleis to providea complementary review of
emergingimmunopathogenic mechanisnestablishedoharmacogenomiassociationsin-vivo and

ex-vivo causalityrassessmetoiblsandmedication cresreactivity dataelated to SCAR syndromes.

Immunopathogenesis of SCAR

Medications“are the causative agents in greater théh & SCARsin adults® with frequently
implicated drugs) being antimicrobials, aromatic antiepileplings and antimetabolite agents,
particulaty,“alfopurinol andits derivatives* Regardless of the causal medicatiohsell mediated
delayedhyper®nsitivity reactions, triggeretly interactions between small molecule drugs, human
leucocyte antigen. (HLA) Class | molecules andell receptor{TCR), underliethe pathogenesis of
mostSCARs.Increasing knowledge suggests that carriaggpetificHLA risk allele(s)are necessary
but not sufficienfactors in initiating the immunopathogenesis casca@eirrently three nomutually
exclusive models have been propogbé:hapten/prehapten the phamacologic interaction (Pland

the alteredpeptide repertoire motie (Fig. 1). The fesultant effectoimmune mechanisms(e.g.,
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eosinophilmediated injury in DRESSCD8+ cytotoxic Fcell mediated injury in SIS/TENindthe
cytotoxic peptide 15kdajranulysinthathas been identified as ey moleculeproduced by CD8+ T
cells, natural killer NK) T cells and NK cells thas responsible for the disseminated keratinocyte
death in SJS/TEN in turn contribute techaracteristiclinical manifestations oéach conditiorfTable

1). Of notey Bellonet al.’s study suggests that the overexpressioerafogenous damagessociate
molecular patterns (DAMPS) or alarmins in SJS/TEN support the involvemerg afrthte immune
system in the pathogenesis of delayed hypersensitivity reactions, suggestingnaomxdf the Icell
mediated, hypothesisindeed, several innate immune components have been investigatee
aetiopathogenesis o8JS/TEN Morel and colleagues’ study revealed that the innate receptor
CD94/NKG2C isyexpressed YK cells and cytotoxic T lymphocytes and might be involved in
triggering degranulation in response to HEAIn patients with SJIS/TEN.A further study by the
same authors/determined that upregulation of the innate immune malecdkfensins 13 in T
cells may be“involved in the pathogenesis of SJS/TERere is accumulating data to suggest that
humoral and cellular components of the innate immune response may be involved ihdgerpsgis

of delayed cutaneous hypersensitivity reactins.

Higher gasmaconcentrations of the drug alod its metabolitescausedby the individual’'sin-vivo
absorption, distributionmetabolism and elimination enzynDME) activities or by way ofdrug
drug interactionsjncrease the risk for many hypersensitivity reactidn$ This apparent dose
dependency seen in severecdll mediated adverse drug reactiodDRS) supports that small
molecules areynorcoviaently interacting with an immune receptéor instance elevated serum
levels of oxypuringlan active metabolite of allopurinakhich has a longlasma haHife, increase

the risk of allopurinol hypersensitivify Impaired renal functionleading to high plasma
concentrations of oxypurinols also directly correlated with disease severity and mortafity
Historically, certain types ofrimethoprimsulfamethoxazole hypersensitivity reactionsre more
likely in those with Nacetyl transferase (NAT) Blow-acetylator genotyp€s. Collectively, the
paradigm has beenshifting towards an interplay between ADMEenzymatic activities and
immunologic mechanismisang responsible fothe initiation ofhypersensitivity responsé$further
triggered by yeto-be-determined insults (such as viral infections), leading to polarisation toward
distinct cytokine profiles and effector pathwalsrther studies areequiredto explore thisvolving

concept ohypersensitivityanddrug concentratiordependent relationstsp

The rolefofherpesvir usreactivation

Heterologous immunity is l@ngstandingconcept that has recently gained renevietkrestto explain
both individual susceptibility and tissue specificity of SCAR. In this mdteleffector memory T
cells generated during the course atmoteinfection and maintained biatency orre-exposure to

the infectious agent croseact wih drug modified proteins, thereby highlighting the role of
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infectious agentsuch ashronic persigint DNA virusesincluding Human Herpes virusgsiHV), in
SCAR pathogenesi§

The concept of heterologous immunity in the immunopathogenesis of SCAR should nohfused
with the reactivation ofHHV, in particuar human herpes virus ®dV-6), whichis known to be
associatedpwith DPRESS$? Reactivation ofEpsteinBarr virus (EBV), cytomegalovirus GMV),
HHV-6 andhuman herpes virus 7 (HHY) has been reported to occur in DRESS syndrome typically
2-3 weeks following the original syndrome and in the absence-expesure to the drug. It appears
to correlate.with.the immune dysregulation occurring during DRESS syndrome andiculgart
regulatory Feell dysfunctionThereported proportionf patiens with HHV-6 reactivatiorin DRESS
varies accordingyto the specific implicated drug and bistween 36% and2%'®** HHV-6
reactivation,nagneasuredy a rise in HHV6 I1gG titres andolasma HHV6 DNA levels, ypically
occurs 23 Weéks after the onset of the r&$Hlhis temporal association suggesa complex
interaction bétwéemHV and the immunopathogenesi$ DRESS* Furthermore reactivation of
HHV have alsobeen associated with the development of more severe diéé58&he development
of autoimmune diseases, such as systemic lupus erythematosus, type 1 diabetes anellitu
autoimmune thyroiditisis alate complications of DRES®at has been associatedwherpesrirus
reactivatior’.”*>*’

Reactivation of the other herpeguses, which include HHW, EBV andCMV have also been
repated to occur in association with DREE%$%*°Indeed, sequential reactii@t of herpesviruses
during the course of DRESS has been described in a similar sequence itogiadit-versushost
disease (GVHD):HHV-6 andbr EBV, followed by HHV7 and subsequently bgMV.?° Viral
reactivation maylsoexplain the prolonged clinical symptoms, multgan involvement and systemic
inflammation following discontinuation of the offending dridg>%*

DRESS has been reported in the settingnmhune reconstitution inflammatory syndroiRIS).
IRIS describesan inflammatory processes that ocgwoon afterthe initiation of highly active
antiretroviral therapy (HAART)in patients with Human Immunodeficiency Virus (HINANd is
associateavith anincrease in CD4 cell count and/or decrease itV viral load®? IRIS occurs as a
result of immune recovery and it results in the host recognisingxisting or latent infection®
DRESS may be considered a form of immune constitution whereby unregulated inttivagoa
occurs against reactivated herpes vir{ées.

For SJS/TEN however, there igeaker evidence, onlgt case reportevel, for its associationwith
HHV-6 reactivationand this could also be secondary to phenotype misattribution of viral reactivation
associated with“the profound immunosuppression secondary to the protiautszd course and
significant courses of immmosuppressantsuch as ciclosporimsed in SJS/TER!* The role of
CMV has been proposéd the development of AGEP® howeverevidence fronEuropean Study of

Severe Cutaneous Adverse ReactifisroSCAR)studyfailed to findsuchan associatior’’ Testing
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for herpesvirus reactivation in SCAR syndromes may assist in clarifying the diagnosis in cases wher

the cutaneous and other clinical findings are-specific and may alsde ofprognosticvalue®2!32

Recent advances in pharmacogenomias SCAR

Individualswithcertain HLA genotypesarry higher risks oflevelopingSCAR syndromesOver the

last decadeglinically significant pharmacogenomics associations have been discovered, leading to
specific reommendations regarding HLA genotypibgore prescription of drug® reduce the risks

in susceptible-populatisnHowever, forcommoncausalmedicationsjn particular, antibioticsyery

few clinically. meaningfulHLA associations exisf Medications that are considered to have strong
pharmacogenomic associationgh severe Tcell mediated ADRspf which routine genetic screening
prior to theirprescription have aliaor in future maysoonbecome the standard of clinical practice

are presented hereimgble?2).

Abacavir

Abacavir (ABC) an antiretroviral drug used in combination therapy to treat, id\dssociated with
hypersensitivity syndrome (HSS) in 5% (range D4%) of patient§” The hypersensitivity syndrome
associated with ABC is differentiated from DREBBS in that the median time to presentation with
fever and malaise\is 8 dawdth latency periods as shas 1 dayand rashwhich does not occur in up
to 30% is often a late feature of the presentatidhe skin involvement in ABC HSS is typically a
mild to moderate exanathem without evidence of blistering or epidermal detaceahallenge
after withdrawal of drug occurs rapidly with disappearance of the fever, malaisevan skin rash
within 72 hours of abacavir withdrawallLA-B*57:01 was found to ba significant risk allele for
ABC-HSS by two independent groufié? The lack of specificityof clinical symptoms and signs
associated with ABC HSS in HIV positive individuals led to a high clinical false positteeand an
apparent lack of sensitivity of HL-B*57:01 for ABC HSS. This ws particularly apparenin
ethnicities with a lower prevalence of HEB¢57:01 such as African Americans. ABpatch testing
was found 'to be a sensitive and specific means to identify true immundlgginadiated ABC
HSS#* A randomised doublblind contrdled trial with a ceprimary endpoint of clinically and
immunologically (patchtest) confirmed ABC HSSlemonstrated thelinical utility of HLA-B*57:01
screening to completely eliminatenmunologicaly-mediated cases of ABEHSS in those of
European ancestfy A casecontrol study confirmed the generalizability of this utility to Adnic
Americans® Several factors favoured successful translatiorlloh-B*57:01 screening intooutine
clinical practiceincluding: 100% negative predictivealue low numbers(n=30) needed to test to
prevent one casef trueimmunologically mediated ABC HS$eneralisability of the test across all
ethnic groups and availability of cesffective qualityassured laboratory methodsth rapid turn

around timeg®*®
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Carbamazepine

Carbamazepine is an aromatic amine anticonvulsant and is associated with cutaneoss adv
reactions in up to 10% of patieffsAlthough two digit HLA associations had been previously
described between allopurinol SJS/TEN and sulfa antimicrobial SJS/TEN, the agsdo&ttiveen
HLA-B*15:02 and carbamazepine SJS/TEN in a Taiwanese population was the first four digit
association for=SSITEN and the strongest overall for SJIS/TEN in the literatudate’® A recent
metaanalysis showedthat HLA-B*15:02 is strongl associated with carbamazepinduced
SJS/TEN, in-Han.Chinese and Southeast Asidrs carry high allele frequendpooledOdds Ratio
(OR) 113.4,95% CI 51.2 251.0, p<k10°).> However, such association was lacking in Japatfese

** Koreans’>andiCaucasiart§®’ in whom the allele carrier frequency was estimated to be*%1%
HLA-B*15:02:testing provides positive predictive value (PPV) of 1.8% and negative predictiee val
(NPV) of (100% respectivelyin susceptible populationswith proven coseffectiveness for
screening™~%%°

Although HLA-B*15:02 is a risk varianstrongly associated with carbamazep8¥S/TEN, there is

no evidence to suggest that it is associated with hypersensitivity syndrome (H®&gwopapular
exathers>!?®

Unlike HLA-B*15;02, HLA-A*31:01 is common with allele carrier frequencies >3% across many
ethnic groups. HLA-A*31:01 was shown to be associated with all SCAR phenotypes across
populations including Han Chinese,pdaese, Koreans and Caucasi@ns®°*®**However, HLA
A*31:01 showed atronger associatiomvith DRESS(pooled OR 13.2, 95% CI 8:420.8, p<0.001)

over SJS/TENpooled OR 3.94, 95% Cl 1:411.5, p=0.01§>%This effect was particularly noted in
populations where HLA*15:02 carriage is prevalent where it is likely that the strong assmtia
between HLAB*15:02 and carbamazepine SJS/TEN overshadows that of-Af3A:01. . In
contrast, inEuropeansthe higher frequency of thdLA-A*31:01 allele appears to overshaddive
effectof theuncommon HLAB*15:02 allele*”**

Regulatory agencies such as the US Food and Drug Administration (FDA) and the European
Medicines "Agency haveissued recommendations regarding genotyping before initiatibn
carbamazepine in, certait-dsk population§* Genetic testindor HLA-B*15:02 is recommendeith

Han Chinese, Southeast andu8 Asians oin patientswhose ethnic origin is unknown (Level A).
HLA-A*31:01 testingmay be considered ipatients of all ancestries (level B); howeuere is no
current recommendation feoutine screenindgor HLA-A*31:01 before initiation of carbamazepine
therapy In.patients who are positive fBlLA-B*15:02, alternatives to carbamazepine should be used
preferably avoiding all aromatic amine anticonvulsasitece SJS/TEN has been more weakly
associated with HLAB*15:02 with these drugs in Sdweast Asians. In the case biLA-A*31:01
positivity, ideally, alternativefirst-line medicationto carbamazepine should be usedarbamazepine
naive individualsunless there are nigentifiable alternativesin which casepatients shouldoe

followed with extremely close monitoring for the first signs wbleing SCAR 2
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Allopurinol

Allopurinol accounts for up to 5% of all cases WBICAR® An association between allopurinol
induced SCAR (SJS/TEN and HSS phenotypes) and-Bt#8:01 genotype was first described in
TaiwanesegHan Chinese populatfériThereafter studies in other ethnic groups includirgan
Chinese fromssmainland Chitfd€® and Hong Kong® Thai® Koreans*’? Japanes& and
European$’* have replicated similar associations, although the strength of association was much
weakerwith.a-lower negative predictive value in Japanase Europeandikely owing to different
allele frequencies across ethnic graufise NPVof HLA-B*58:01 screening for allopurinol induced
SCAR n Southeast Asian populations 180%"°A modelling study from Singapore showed that
routine genetic,screening to prevent an episode of S@&Bn in high risk populationsglid not
appear tobécasteffective’® The extreme short and loigrm morbidity and mortality that is in
particular associated with SJS/TENethlack of comparably inexpensive treatment options to
allopurinol,the development of newer and less expensive molecular des#jlsA-B*58:01 and the
availability “of a prospective screening study suggesting a significantly kdocelence of
allopurirol [SCAR with HLA-B*58:01 screening in Taiwarsuggest that further attention and

implementation of HLAB*58:01 screening may be warranted.

Causality assessment through clinicaln vivo and ex vivo testing

Assigning drug, causality is often difficult ®CAR syndromes, especially when multiple agemnés
implicatedgin“particularantimicrobials’® Conversely, in situations of a single implicated drag. (
carbamazepine, allopurinol}filisation of appropriateclinical algorithms is oftersufficientto assign
causality>’% especially in histologically confirmed cas8§' Drug causality maybe clinically
established through several differentidated methodsdlgorithms each with own strengths and
limitations (Table 3). Nonethelessn vivo andex vivo diagnostics are being increasingly employed to
aid causality and management of patients with S&ARuidelines existfor the recommeret
concantrations of drugs to be used in vivo testing for delayed hypersensitivi§®* although

universal consensus has not bestablished.

Patch testing

Patch testing (PT) involves the application of an implicated and/or potertiaklgreactivedrug

with a control vehicle (petroleum jelly) to skior 48 hour&? and subsequently read af8-96 hours
and if possible 7"dayghe safety of PT in SCAR has been increasingly demonsfrafeSlystemic
(butnontlife threatening) reactiontsave been reported infrequently with PT, althoogistly for ani-

tuberculosis drugs in HIV patients®® The recommendations have been to perform ssting at
least 6 weeks posesolution of SCAR’ The sensitivity of ptch testing appears highest #®BC

HSS (87%*“* and DRESS (31.6968%) and lowest for SJS/TEN (2024%) and AGEP

This article is protected by copyright. All rights reserved



(18%)3°8¢*°The sensitivity also appears to b#ezted by the investigated drug, highestdbacavir,
anticonvulsantsand betalactam antibiotic§’ in particular forabacavir (87%)anoxicillin (up to
44.4%), and lowest for vancomycin (9.1%j)imethoprimsulfamethoxazole(8.6%), macrolides
(4.8%), hepatitis C antivirafs and cephalosporins (4.4%6) The use of oral provocatiomfter a

negative PT should be used with caution in patients with SCAR, considerilogvtkensitivity ofPT.

I ntradermal‘testing

Intradermaltesting; (IDT) utilisng 0.020.05ml of the highest noirritant concentration of drug, has
been reported in DRESS and other SCAR phenotypes in a number of smafi®S&f{etDT with
delayed readings,has been uditisextensively for Tell mediated hypersensitivity, in particular for
nonSCAR phenotypes relateto betaactams'®*%® IDT avoids the inconvenience of patch testing
and reactions will ofteroccur within 6-24 hours.Barbaudet al. demonstrated in a small cohort of
predominately bettactam SCAR that IDTappeared to have a greater sensitivity than PT when
performedfollowing negative PTand was not associated wituverse evesf® Guidelines also
support the use of IDT following negative PT in patients with SCAR, outside of SIS/TEN is
often limited by the availability of aterileinjectableformulation of the investigated drubike PT,

oral provocation tegstg after anegative IDT should be undertakeith caution

Ex vivo diagnostics

The stimulation_of patient peripheral blood mononuclear cells (PBMCs) to measeikerdsponses
in the setting of drugssociated SCAR has been increasinglestigatedin research and clinical
settings.Whilst responses have bedatected out to 20 years pastiex event, a blood sample from
‘acute bleeds’ or in the early recovery phaselikely to display greater sensitivity*'® The
lymphocyte transformation test (LT,13'*"which typically incubates investigated drugs with PBVC
for 5-7 daysor longer measures -Eell responses to a variety of drugsg( antimicrobials,

anticonvulants, analgesics and diurelicsia a stimulation index**'°*t

Enzymelinked
immunospot assay (ELISpot) has been primarily employed for antiretrovidhl aatimicrobial
hypesensitivity and SCAR syndrom&§'* especially whenin vivo testing has been
negative® %3122y ariability in testingmethods, incubation periods (1 vs.v& 5 days), co-
stimulation factors €g. IL-7/IL-15) and measured outputsg, granulysin, IFNy, TNFa) make
comparison within and between testing modalities diffittit*?*!*The known drug epitopeare
unknown formastT-cell mediated hypersensitiyisyndrome¥°*?’Currently LTT or ELISpot should
not be employedd exclude a suspected drdge tolow sensitivity (24-70%>*? and 60%80%,?°
respectively). Whilst LTT has demonstrated a higher sensitivityother types ofanticonvulsant
hypersensitivity (780%)'*° lower raes have still been noted in lamotrigi8dS™°

Indeed, Polak and colleagues’ study compared the lymphocyte proliferation assay (LPA¥tagai

combination INFy and IL-4 drug ELISpot assays in patients with delajgzk drug hypersensitivity
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reactions in the acute phase their studythe assays demonstrated a test specificity of 95%, 83% and
92% for LPA, INFy and IL-4, respectively.During acute drug hypersensitivity reactionbe t
sensitivity of combined measurement of dspgcificINF-y and IL-4 cytokineswas greatethan that

of LPA (82%vs. 50%).Thus, tlese investigators determined tiavitro assays of drugpecific INF

v and IL-4.production may be more sensitive thdtA for the detection of drugpecific T-cells in the
acute setting®*Further, a recent study by Haval. concludedhatcytokine assayNF-y and 1L-4)

are superiontosLLPA;in identifying the causative drug in the paediatric popylatevever,these
investigators'suggested that when combinegly tiffereven greater utilityn the diagnosis and pest
recovery of-delayetype hypersensitivity reaction&

The sensitivity and hencHPV of ex-vivo testing in the future is likely to be enhanced by co

utilisation of flew cytanetryand intracellular cytokine stainimgethods:*****%

The importance of drug crossreactivity between structurally-related drugs

Structurallyrelated drugs can cause crosactions with SCARAIlthough the specific epitopes
remain elusive with regards to draglf peptide responses, it is recognized thatirtirrune system
may recognis structural similaritiesknowledge regarding the likelihood of cragsactivity between
drugs is important as exposure to structurally similar compounds after an indexoneaen
precipitag another severe episode. On ¢batrary excessive avoidance of medications with low risk
of crossreactivity,can lead to unwarranted restriction on therapeutic ofdtiahsan adversely impact

upon clinical care:

Beta-lactams

All betalactams(penicillins, cephalosporins, carbapenems and monobactams) share the core beta
lactam stucture,but with differing sidehains Fig. 2). Evolving evidenceo datesuggests thatide

chain structures .areommorty implicated in betdactam crosseactivity for most immediate and
delayed reactionslable 4 furtherprovides a list of commonly prescribed b&tatams which share

similar side chain structures.

Cephalosporins

R1 sidechains_of cephalosporin§=ig. 2) are highly conserved ankbave beendemonstratedo
promote crosseactions with penicillinscontainng similar structures This is particularly true
betweentaminopenicillins (amoxicillin, ampicillin and bacampillin) and amiplogsporins
(cephalexin and cefaclor), with recent studies demonstrating that theeactsity rates between the
amino compounds may be as high as 1879° On the contrary patients with delayed
aminopenicillin allergy have recently been shown to haaaplete absence of cressactivity and

good tolerancéo therapeutic challenge to n@mino cephalospars (cefuroxime and ceftriaxon&y
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Overall, low rates of cros®activity exist between penicillins andhird and fourthgeneration
cephalosporins ofigsimilar side chain structurg4.1% vs. 10.% for first and secondjeneration
cephalosporins which share similar side chditfs)

Further, an interestinign vitro study by EiGhaieshet al. in eight cysic fibrosis patients with delayed
hypersensitivity reactions to piperacillin, compared to five tolerantraian demonstrated the critical
role of drugspeeific CD4+ and CD8+ -€ell clones in pathogenesis, which did not cnesct to a
multitude of penitdlins and cephalosporins including those that share similar side chain to pijperacill
(e.g. cefoperazone). This study highlights the dapgcific nature of cell mediated hypersensitivity
reactions as,well as the highly complex nature of ereastiviy to other betdactams, with some
unknown mechanisms in addition to ‘structural similarities,” likelyrttier contributing to its

pathogenesi§:

Carbapenemsand' monobactams

Although a crosseactivity rate of 5.5% to imipenem has been previously repantgzenicillin-
allergic patient3®® A more recat study involving 204 patientiemonstrated that none of the patients
with delayed penicillin hypersensitivigrossreacted to imipenem, meropenem or ertapenem, and all
tolerated therapeutic doses of drugltgnge™ In view of the reportedly low (<1%) rates of cross
reactivity t0 carbapenems in patients with immediate penicillin hypersensiteactionsg*"*** the

true crossreactivity rates in delayed reactions are likely very low (<1%) aecetbre carbapenems
may be judiciously considered in patients who have limited therapeutic options.

In contrastvirtually zero percent cros®activity to aztreonam has been consistently demonstrated in
patients wih debyed penicillin hypersensitivityeactions®’*** The ory caveat is thafiztreonam
should be avoided in patients with cefthme allergy due to sidehainsimilarities.

It should also be noted that although crosactivity rates between penicillins and later generation
cephalosparins or carbapenems are Ithe, vast majority of patients included in thesedsts had
benign skin reactionand few patients with definitive SCAR phenotypes were represented. As such,

considerable caution should be taken wpesscribing betdactam antibiotics to patients with 88.

Aromatic anticonvulsants

Commonly prescribed aromatic anticonvulsants include carbamazepine, oxcarbdaemotrigine,
phenytoin and__phenobarbitdf. Crossreactivity between these structurally related aromatic
anticonvulsantsvas origirally thought to be mediated by arene oxides, toxic metabolites produced
through cytochrome P450 pathwdy*® However it is now dear that poor metaboliser.d.
CYP2C9*3) are at higher risk for SCAR associated with some anticonvulsants suéngsim**’
Earlier studies suggestedhat approximately 70% will experience some degree of -cagivity
between aromatic anticonvulsafits'*®*° There is also evidence suggesting tHaf\-B*15:02 and

other B75 serotype HLA alleleonferrisk of developingSJS/TENto other aromatic anticonvulsants,
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however, to anuchlesser degree compared to carbamazeptrie? Whatis currently uncleairs the
extent to which HLA crosseactivity occurs since cases of HIBY¥15:02 positive individuals who
have reacted to one aromatic amine anticonvulsant but tolerated another (desp#isothiation of
HLA-B*15:02 with all aromatic amine anticonvulsant SCAR) have beendesitribedAdditionally
Seitz et al. i@so noted thaRl.7% of patientswith carbamazepine hypersensitivity also displayed
crossreactivityste. tricyclic antidepressarif® However this has not been substantiated as an effect
that is seenn-viva and in the case of HSS to carbamazepineommendations would not dictate
avoidance ef.tricyclic antidepressarits patients with SCAR to aromatic anticonvulsants, valproate,

gabapentin, pregabalin and levetiracetansafe alternative¥>1%*

Conclusionand Future Directions

Recent advancesiin the knowledge of SCAR syndromes have provided us with a betttanaidgr

of immunopathogean mechanisms, including theotentialrole of pre-existing crosgeactive T cell

responses ito virahfections the discovey of importantpharmacogenomiassociationswhich hawe

become the standaad care,the use of clinical and laboratory methods for causality assesament

the knowledge ofdrug crossreactivity mechanismskurther knowledge ondw precisely drugs

activate Fcells, the pathomechanism for the generally very low positive predictive wdlaa HLA

risk allele forma_specific drug toxicitymore specific pharmacogenomic associations and future

mechanistie*information including celluland molecular signatures will be kégr pre<linical

prediction and prevention of drugpxicity as well asfor enabling personalised approaches to

preventiongearly intervention and treatment of high morbidity and mortality diseases such as

SJS/TEN. As_Ighlighted in this review, numerous aspects of SCAR syndromes merit further

interdisciplinary researcliinally, given the overall rarity but high morbidity and mortality of SCAR

collaboration through largeternational national ad multicentre networksto collect prospective

dataand biobank samplewill further enhance a systematised framework for translating discovery

into prevention and improved outcomes for patients
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Table 1 Summary, of the clinical manifestations and histopathological features of SCAR

syndromes.
SCAR Effector Clinical Investigation Histopathologi | Latency | Common
syndrome | mechanisms | manifestations findings cal features period causal drugs
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SJS/TEN | CD8+ SJS and TEN are a Abnormalliver, Subepidermal | 1-4 Carbamazepine
cytotoxic T disease continuum; the renal and blister; spectrum weeks:>® | Phenytoin
lymphocyte differentiation is based| regiratory of changes 159 Lamotrigine
mediated Fas | upon the percentage of function. ranging from Allopurinol
FasLand body surface area of | Haematological, | lichenoid Nevirapine
granulysin skin detachmeri®**® | metabolic, fluid & | reaction pattern NSAID*
mediated Acute onset oblisters | electrolyte with apoptotic Sulfonamides
apoptosig:®*® Jsanderosionsaffecting | complications. keratinocyts, Sulfasalazing®

the skin,andmucous partial to full
menbranespften thickness
associatd severe epidermal
systemic complications necrosis->®
with dgnificant

morbidity and long

term sequela&®

DRESS T-cell Clinical presentation is| Haematological | Multiple 26 Carbamazepine
mediated heterogeneous: abnormalities, histological weeks”? | Phenytoin
perforiry widespread most commonly | patterns Lamotrigine
granzyme.B.as| exanthematous eosinophilia and | including: Allopurinol
well as Fas/Fas eruption facial atypical interface Sufonamides
L-dependent__ | oedemafever and lymphocytes. reaction, Vancomycin
cell death*®®_ | lymphadenopathy?*®® | Abnormal liver, | apoptotic Minocycline

161 renal,respiratory | keratinocytes, Amoxicillin™®
High variability in and other organ | parakeratosis,

diseaseseverity some | function®%%!! | spongiosig®

patients have modest

systemic symptoms,

while others develop

significant morbidity

due to internal

involvement'®°

AGEP Activation and, | Acute onset of Neutrophilia+/- Spongiform 1-5 Amoxicillin
proliferationsof | widespreadon eosinophilia subcorneal days®® | Quinolones
specific CB4™| follicular sterile abnormal and/or Sufonamides
and'CD8. F pustules overlying renal/liver intradermal Terbinafine
cells, erythematous function, pustules with Hydroxychloroq
perforin/granzy| oedematous skin, hypocalcaemia® | marked oedema| uine
me B and Fas | starting in the 164 of the papillary Diltiazent®®

ligand

intertriginousareas,

dermis and
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induce

mechanisms to

apoptosig®?

fever.

often associated wit
162-164

polymorphous
perivascular

infiltrate.

165

AGEP: acutergeneralised exanthematous pustulosis, CD: cluster of differenB®RBSS: drug rash with

eosinophiliasand<systemic symptom¥SAID: Nonsteroidal antrinflammatory drug SJS: Stevens

Johnsonisyndrome, TERoxic epidermal necrolysis.

Table 2. Therapeutic recommendations where evidence exists for strong HLA associatifior

various adverse.drug reactionphenotypes.

Medications HLA Phenotype Populations Selected
studied Therapeutic references
recommendation
Abacavir HLA-B*57:01 | HSS Al HLA-B*57:01 testing | #*424%%
prior to abacavir
prescription and avoid
abacavir use in HLA
B*57:01 positive
individuals
Carbamazepine | HLA-B*15:02° | SJS/TEN Han Chinese | Avoid carbamazepine in| >%°8:04.167.168
(China, Hong | all HLA-B*15:02
Kong, Taiwan), | positiveindividuals '
Thai, Screening currently
Malaysian, recommended for aisk
Indian(South | populations (Han
Asians) Chinese, southeast and
south Asians) or
unknown ethnicity
Carbamazepine | HA-A*31:01 Han Chinese, | If alternative therapeutic| >%:°8:6352:5561
DRESS/HSS | Japanese, agent existsavoid 62,64
>SJS/TEN Korean, carbamazepine in all
Caucasian carbamazepine naive

HLA-A*31:01 positive

individuals
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Allopurinol HLA-B*58:01 DRESS/HSS | Han Chinese | Avoid allopurinol use in | 545674
and SJS/TEN| (China and the setting of allopurinol
Hong Kong), naive HLAB*58:01
Thai, Korean, | posivite individuals
Japanese, Widespread guidelines
European for screening prior to use
have not been issukd

SCAR: severeseutaneoadverse reactions, HLA: human leucocyte antigen, HSS: hypersensitivity
syndrome, SJS: Stevedshnson syndrome, TEN: toxic epidermal necrolyBRESS: drug reaction

with eosinophiliaiand systemic symptoms.

"For any individual carrying an HLA risk allelié they have already tolerated the drug$at2 continuous
weeks currently or in the past, then it is safe for them to continue the diugtloe firug to be reinstituted

in the future:

S Carbamazepine SJS/TEN is also associated with other B75 serotype HLA alleles suchBisLBtRA,
B*15:08, B*¥15:11 and potentially B*15:30 and B*15;3herefore additional caution should be exerted for

carbamazepine use if these HLA types are identified.

"Although ‘a, much weaker association exists between -Br¥5:02 and other aromatic amine
anticonvulsantssuch as oxcarbamazepine, eslicarbamzepine, lamotrigine, phenytoin and fosphenytoi
consideration should be given to choosing an alternativearmmatic anticonvulsant in the case of
identified'HLA-B*15:02+.

"The American College of Rheumatology Guidelines for Management of Gout (2012) haveneruted
HLA-B*58:01 testing prior to allopurinol prescription in specific popoaki including 1) those of
increased risk (Southeast Asiamd2) Subpopualtions witmcrease risk based on advanced chronic renal

failure (stage'8}%°

Table 3. Three major approaches to drug causality assessment in severe cutaneous adverse drug

reactions,

Method Description Strengths Weaknesses Selected
references

Global Inferenceof causality by | Consensus opinion by Subjective, influenced | >*"%"

introspection | expert clinical judgement| a group of experts by the experience,

Often serves athe knowledge and biases of

gold standard in the assessoiXs

causality assessment | Poor reproducibility
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172

Bayesian Uses clinical and Allows simultaneous | Time consuming and
approach epidemiological data to | assessment of multiple highly technical
transform a prior into a | causes
posterior probabity. Previous knowledge of
the culprit drug profile
is not required
Drug Collection of specific data Structured and Clinical utility may be | >*"
causality pointsfollowed by standardised method | limited in cases \Were
algorithms problem solving Reproducibleand more than one drug is
(see A & B) | operationsesultingin an | transparent administered
objectiveassessment of Clinical judgement may
praobability. be required at various
stages
Some algorithms may
not be able to identify
novel ADRs or fist
cases of ADRS.
(A) Naranjos| Gensists of 10 questions| Well-validated Classifies >90% of 173
Scale and yields a final Widely usedand suspected advee drug
assessment @fusality quick/simpletool. reactions as ‘possihle
as:definite’, ‘probable’, Doesnot take into
‘possible’ or ‘doubtful’ account druglrug
that a drug administered interactions
intherapeuti doses
caused an adverse event.
(B) ALDEN' | Specific algorithm for Developed byexperts | Only validated for >

assessing drug causality
in SJS and TEN

The final assessment of
causality is expressed as
‘very probable’.
‘prabable’, ‘possible’
‘unlikely’ or ‘very

unlikely.’

in SJS/TEN
Validated on cases
enrolled in the
EuroSCAR studyn a

casecontrol analysis.

SJS/TEN

ADR: Adverse drug reactio®LDEN: Algorithm for drug causalitfor epidermal necrolysi§JS:

StevensJohnson syndrome, TEN: toxic epidermal necrolysis.
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Table 4. Betalactams with similar R1 sidechain structures (adapted from Trubianoet al.*%

Penicillin G Amaoxicillin | Ampicillin Ceftriaxone | Cefoxitin Ceftamandole Ceftazidime
Cephaloridine™|=Cefadroxil | Cefaclor Cefotaxime | Cephaloridine| Cefonicid Aztreonam
Cephalothin Cefprozil Cephalexin Cefpodoxime | Cephalothin
Cefoxitin Cefatrizine | Cephadrine | Cefditoren
Cephalexin | Cephaloglycin| Ceftizoxime
Loracarbef Cefmenoxime

Cefepime
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Figure 1. Proposed models of-@ell receptor (TCR), major histocompatability complex (MHC), drug
interactions In the hapten/prohapten model (i)a drug (e.g., penicillin) binds covalently to an
endogenous peptide (e.g., albumin), forming a new molecule. Antigen presenting aediss pand
present it as short peptide fragments within the MHC binding cleft, some of wiejatidg A) include
drug epitopes (purple pentagon). If recognized by a TCR, agreigjfic immune response can ensue.
In the pharmacologicatinteraction (P-1) model (ii) the drug binds nogovalently to certain MHC
molecules or TCRs, stimulating specific TCR and thus generatirggréactive TFcells.In thealtered
peptide repertoire,model (iii) a drug (e.g., abacavir) binds noavalently to the binding pocket of a
MHC molecule (e.g. HLAB*57:01), altering its conformation and allowing a new array of-self
peptides (peptide B) to stably occupy it and stimulatells. This can lead to drtigduced activation

of autoimmunity (e.g., abacavir hypersensitivity reactidapted from Pavlost al.'"
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r Manuscript

Figure 2. uctures of betactams (adapted from Trubiambal.!’¥). R denotes side chains.
Cephalospo ave two side chaifkl and R2. However, R2 is lost during hydrolysis.
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