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Fever, Rash, and Systemic Symptoms: Understanding the
Role of Virus and HLA in Severe Cutaneous Drug Allergy
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Drug hypersensitivity syndromes such as abacavir
hypersensitivity and the severe cutaneous adverse drug reactions
have been associated with significant short- and long-term
morbidity and mortality. More recently, these immunologically
mediated and previously unpredictable diseases have been shown
to be associated with primarily class I but also class IT HLA
alleles. The case of the association of HLA-B*57:01 and abacavir
hypersensitivity has created a translational roadmap for how this
knowledge can be used in the clinic to prevent severe reactions.
Although many hurdles exist to the widespread translation of
such HLA screening approaches, our understanding of how
drugs interact with the major histocompatibility complex has
contributed to the discovery of new models that have provided
considerable insights into the immunopathogenesis of severe
cutaneous adverse drug reactions and other T-cell-mediated
drug hypersensitivity syndromes. Future translation of this
knowledge will facilitate the development of preclinical toxicity
screening to significantly improve efficacy and safety of drug
development and design. © 2014 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
201452:21-33)
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A 37-year-old Thai woman with stable, previously asymp-
tomatic, untreated HIV-1 disease (CD4+ count 640/mL) was
diagnosed with multidermatomal herpes zoster infection of the
trigeminal nerve (V1/V2) by her general practitioner. There was
no clinical eye involvement, and she was commenced on
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acyclovir 800 mg 5 times a day for 7 days. The next day on
follow-up with an ophthalmology consultation, she was not
found to have eye involvement and was started on indomethacin,
codeine, and carbamazepine (CBZ) 200 mg twice a day (bid)
orally (po) for pain control. On day 7 after commencement of
CBZ, she was found to be well, with evidence of healing of the
herpes zoster infection. A prescription for CBZ 200 mg bid
po, indomethacin suppositories 100 mg bid, and paracetamol-
codeine was repeated at this time. On day 10 after commence-
ment of CBZ, she was noted to have a generalized rash and a sore
throat. She was admitted to the hospital on day 11 when the rash
progressed and which was associated with nausea, increased
throat soreness, and a fever of 41.3°C, and all drugs were ceased.
Results of a physical examination at this time showed lesions of
the mouth and genitals, and an extensive generalized rash, with
atypical target lesions and skin separation. On day 12, she was
transferred to the burn unit with a diagnosis of probable CBZ-
induced toxic epidermal necrolysis with body surface area
involvement of more than 80%. There was no noted eye
involvement. Laboratory tests also indicated impaired liver
function: the alkaline phosphatase level was 298 U/L (reference
range, 40-135 U/L) and the alanine aminotransferase level was
429 U/L (reference range, 11-36 U/L). The rest of her hospi-
talization was uncomplicated, and she was discharged on day 30
on flucloxacillin 500 mg 4 times a day po. She was given the
advice to permanently avoid not only CBZ but all other aromatic
amine anticonvulsants, such as oxcarbazepine, phenytoin,
phenobarbital, and lamotrigine. Follow-up 2 weeks after
discharge revealed her to have healing skin, with normalization of
liver function and cessation of trigeminal pain (Figure 1, A). She
remained clinically well from the standpoint of HIV and was
initially started on zidovudine 250 mg bid, lamivudine 150 mg
bid, and indinavir 800 mg 3 times a day po 1.5 years later
and then switched to Trizivir (ViiV Healthcare, Research Tri-
angle Park, NC) (zidovudine/lamivudine/abacavir) 3 years later
because of concerns of fat redistribution. She remained clinically
well and virologically suppressed (current HIV viral load <40
copies/mL). Patch tests to 0.1%, 1%, and 10% CBZ in petro-
latum and petrolatum negative control conducted 9.5 years after
CBZ toxic epidermal necrolysis (TEN) when she was still viro-
logically suppressed on Trizivir were strongly positive for all
concentrations of CBZ and negative for petrolatum control
(Figure 1, B). The patient also had multiple positive INF-y
ELISpot (Millipore, Bedford, Mass) with peripheral blood
mononuclear cells (PBMC) stimulated with CBZ with the last
being more than 17 years after the initial TEN diagnosis
(Figure 1, B). HLA typing was conducted, which revealed that
the patient carried HLA-A*11:01, HLA-B*15:02/58:01, HLA-
C*03:02/08;01, and HLA-DRB1*03:01/12:02.
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Abbreviations used
ABC- Abacavir
ADR- Adverse drug reaction
AGEP- Acute generalized exanthematous pustulosis
bid- Twice a day
CBZ- Carbamazepine
CMV- Cytomegalovirus
CTL- Cytotoxic lymphocyte
DIHS- Drug-induced hypersensitivity syndrome
DRESS- Drug reaction with eosinophilia and systemic symptoms
EBV- Epstein-Barr Virus
HHV- Human herpesvirus
HLA- Human leukocyte antigen
HSR- Hypersensitivity reaction
HSS- Hypersensitivity syndrome
INF-y- Interferon gamma
NSAID- Nonsteroidal anti-inflammatory drug
PBMC- Peripheral blood mononuclear cell
po- Orally
SCAR- Severe cutaneous adverse drug reaction
SJS- Steven-Johnson syndrome
TCR- T-cell receptor
TEN- Toxic epidermal necrolysis

SEVERE CUTANEOUS ADVERSE DRUG
REACTIONS

The immunologically mediated, “type B” adverse drug reactions
(ADR) are among the most dangerous of off-target ADRs. Among
the type B ADRSs are a subset of reactions that can be characterized
by severe cutaneous manifestations and that are collectively referred
to as severe cutaneous adverse reactions (SCAR). There are 3
phenotypically distinct SCARs (i) Stevens-Johnson syndrome (SJS)—
toxic epidermal necrolysis (TEN); (ii) acute generalized exanthema-
tous pustulosis (AGEP); and (iii) drug reaction with eosinophilia and
systemic symptoms (DRESS), also known as drug-induced hyper-
sensitivity syndrome (DIHS) or hypersensitivity syndrome (HSS)."
Abacavir (ABC) hypersensitivity syndrome (HSR) is a distinct entity,
which does not clinically fit into any of these categories.

SJS and TEN are considered to be clinically and immunopa-
thogenetically the same syndrome that represent different
severities across the spectrum. The level of skin detachment is used
to demarcate the 2 syndromes. SJS is characterized by 1%-10%
detachment, there is 10%-30% overlap, and then TEN represents
the most severe cases, with >30% detachment. SJS-TEN can also
be characterized by mucous membrane involvement and systemic
symptoms, including fever, liver chemistry elevations, intestinal
and pulmonary manifestations, or the presence of lymphopenia.
With the prevalence of 2-6 cases per million per year, both syn-
dromes are associated with high morbidity and mortality; 1%-5%
mortality for SJS and 30%-50% for TEN. The most common
drugs that cause SJS-TEN are allopurinol, aromatic amine anti-
convulsants (eg, CBZ, eslicarbazepine acetate, oxcarbazepine,
fosphenytoin, phenytoin, phenobarbital, lamotrigine), anti-
retrovirals (particularly nevirapine), nonsteroidal anti-inflamma-
tory drugs, and sulfa antimicrobials).

AGEP is an acute febrile drug eruption characterized by
numerous small, primarily nonfollicular, sterile pustules that arise
within large areas of edematous erythema. In AGEP, drug-spe-
cific T cells produce IL-8—CXCL8, which leads to neutrophil
recruitment and which results in acute widespread edematous
erythema followed by a sterile pustular eruption. The onset of
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disease is typically rapid and often within 1-3 days of drug initia-
tion. The condition also is characterized by fever and possible
cosinophilia.”” B-Lactam antibiotics, quinolones, hydroxy-
chloroquine, pristinamycin, sulfonamides, diltiazem, and terbi-
nafine are all known to cause AGEP. AGEP has been rarely
associated with infections, non-drug antigens, and viral reac-
tivation.”” % The prognosis usually is good, with resolution
occurring within 15 days. Although an early report suggested a
possible association between AGEP and HLA-B*51, it is currently
uncertain as to whether AGEP is strictly HLA restricted. '’
DRESS-DIHS-HSS by definition is associated with fever,
rash, eosinophilia and/or atypical lymphocytosis, cutaneous
involvement, and hepatitis, which typically occurs 2 or more
weeks after the first drug initiation. Although there have been
many drugs described as causing DRESS-DIHS-HSS, the drugs
typically involved considerable overlap with those that cause SJS-
TEN and include antimicrobial sulfonamides, aromatic amine
anticonvulsants, B-lactam antibiotics, allopurinol, nonsteroidal
anti-inflammatory drugs, and antiretrovirals (nevirapine).' The
Japanese definition of DIHS also includes viral reactivation as a
criteria for diagnosis, and this tends to occur in the most severe
cases, with the most prevalent being reactivation of human

herpesvirus (HHV) 6 and other viruses in the HHV family.'>"?

MANAGEMENT OF SCAR

The mainstay of treatment of SJS-TEN, ABC HSR and other
SCAR s causality assessment and immediate withdrawal of the
most likely implicated drug(s). Early and rigorous supportive care
is crucial.'® For SJS-TEN, this includes early ophthalmology
consultation, and severe cases should be managed in an intensive
care setting with dermatology consultation and care. Multidisci-
plinary care with ear, nose, and throat; gynecology; and psychiatry
consultations may also be necessary for short- and long-term
complications of SJS-TEN. Current treatment remains contro-
versial, and there is really no good evidence that a specific treat-
ment or combination of treatments has a benefit over rigorous
supportive care at a specialized center. In small studies, calcineurin
inhibitors, for example, cyclosporine, appeared to have some
benefit in halting disease progression, and early reports have also
suggested a possible benefit for TNF receptor antagonists and
plasmaphoresis. Large controlled studies are lacking, and there are
no multicenter studies of a factorial design that compared different
treatments. Although results of early studies suggested a potential
benefit for intravenous immunoglobulin for SJS-TEN, more
recent studies and pooled analyses have not shown an effect on
mortality. Long-term follow-up for SJS-TEN is necessary in view
of the eye and mucous membrane complications. For DRESS-
DIHS-HSS, similar controversies apply, and a study that was
looking at intravenous immunoglobulin was stopped, prematurely
because of adverse events, including pulmonary embolism. Cor-
ticosteroids are recommended for use in DRESS-DIHS-HSS
when there is severe internal organ involvement (ie, renal, lung, or
alanine aminotransferase > 10 x upper limit of normal). AGEP is
a self-limited disease, with general recovery within 2 weeks of
disease onset. Topical steroids have been successfully applied in
both DRESS-DIHS-HSS and AGEP but without controlled data.

HLA IN SCAR
There are many known genetic associations between specific
HLA alleles and drug hypersensitivity and SCARs, which
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A Carbamazepine Associated TEN
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FIGURE 1. A, Clinical timeline for the development of CBZ-associated TEN in the case study patient. B, Negative petrolatum control and
positive patch test for 0.1%-10% CBZ in the patient 9.5 years after the original TEN reaction (/eft) and positive PBMC INF-y ELISpot for
5-25 pug/mL CBZ for 100,000 cells/well for a sample taken 17 years after the clinical TEN reaction (right). Positive controls (CD3" and CEF
[cytomegalovirus, Epstein-Barr virus, influenza virus] peptide pool) and unstimulated PBMCs also are shown.

supports an immunologically driven mechanism for the devel-
opment of SJS-TEN and DRESS-DIHS-HSS (Table I). The best
characterized examples are ABC HSS and its association with
HLA-B*57:01, CBZ SJS-TEN associated with HLA-B*15:02, as
in the current patient, and allopurinol DRESS-DIHS-HSS and
SJS-TEN associated with HLA-B*58:01. The prevalence of these
reactions in a specific population correlates well with the prev-
alence of allele carriage (Figure 2). The antiretroviral drug
nevirapine appears to be associated with different HLA allele
and haplotype associations, which are ethnicity and phenotype
dependent.'”** ABC HSR now provides a roadmap for successful

translation of laboratory-based research into pharmacogenetics in
the clinic (Figure 3).

ABC

ABC is a guanosine analogue associated with abacavir hyper-
sensitivity syndrome in the premarketing phase of its development,
characterized predominantly by fever, malaise, and gastrointestinal
symptoms in up to 8% of those starting treatment; mild-moderate
rash was a late feature, present in only 70%.”” A strong association
between the HLA class I allele, HLA-B*57:01, and ABC HSR was
first reported in 2002.”*7® Later work improved the clinical
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TABLE I. Pharmacogenomics of HLA-associated drug hypersensitivity and related drug-induced syndromes
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Year first
Syndrome and drug HLA Alleles Populations described Reference nos.
SJS-TEN (SCAR)
Allopurinol B*58:01 Han Chinese, Thai, European, 2005 92-100
Italian, Korean, Portuguese
CBZ B*15:02 Han Chinese, Thai, Malaysian, 2004 38-40, 43, 44,
Indian 101-108
B*15:11 Korean, Japanese 2010 45, 109
B*15:18, B*59:01, Japanese 2010 110
and Cw*07:04
A*31:01 Japanese, northern European, 2011 45,48, 49, 111
Korean
Oxcarbazepine B*15:02 Han Chinese 2010 112
Lamotrigine B*15:02, positive Han Chinese 2010 108, 112
B*15:02, no association found Han Chinese 2010 113, 114
Nevirapine C*04:01 Malawian 2013 22
Phenytoin B*15:02; B*13:01, Han Chinese 2007 101, 102, 108,
Cw*08:01, and DRB1*16:02 112
Phenobarbital B*51:01 Japanese 2013 115
Sulfamethoxazole B*38 European 2008 94
Methazolamide B*59, B*59:01, Cw*01:02 alleles, Japanese, Korean, and 1997, 2011 45
and B*59:01-Cw*01:02-A*24:02 Japanese
haplotype
Sulfonamides A*29, B*¥12, and DR*7 European 1987 116
Oxicam B*73 European 2008 94
A*2,B*12 European 1987 116
Strontium ranelate Under investigation in 2009 117, 118
postmarketing period
Zonisamide A*02:07 Japanese 2013 115
DRESS-DIHS-HSS
ABC B*57:01 European, African 2002 25, 26, 30
Allopurinol B*58:01 (or B*58 haplotype) Han Chinese, Korean, 2005 92, 93, 95, 96,
Japanese, Thai, 98, 119-121
European
Nevirapine (hepatitis) DRB1*01:01 (CD4%>25) Australian, European, and 2005 15-18
DRB1*#01:02 South African
Nevirapine (DIHS-DRESS) Cw*8 or CW*8-B*14 Haplotype Italian, Japanese 2006 19, 20
Cw*4 Han Chinese 2011 21
B*35:05 Asian 2011 7
B*35:01 Australian 2011 22
CBZ 8.1 AH (A*01:01:Cw*07:01: Whites 2006 123, 124
B*08:01:DRB1*03:01:DQA1*05:01:
DQB1*02:01)
A*31:01 Northern European, Japanese, 2011 45, 48, 49, 111
Korean
A*11 and B*51 (weak) Japanese 2011 111
Strontium ranelate Under investigation in postmarketing 2009 118, 125
period
Dapsone B*13:01 Chinese patients treated for 2013 126
leprosy
Delayed rash (nonsystemic)
Efavirenz DRB1*01 French 2008 127
Nevirapine DRB1*01 French 2008 127
Cw*04 African, Asian, European, 2009 17, 41
Thai
B*35:05; rs1576*G CCHCR1 Thai 2009 128, 129
status (GWAS)
B*57:01 Australian 2011 122

(continued)
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Year first
Syndrome and drug HLA Alleles Populations described Reference nos.
Aminopenicillins A*2, DR*52 Italian 1998 130
CBZ (or MPE) A*31:01 Han Chinese, northern 2006 39, 48
European
Oxcarbazepine induced MPE B*15:02, B*38:02 Han Chinese 2011, 2013 131, 132
Drug-induced liver disease
Amoxicillin-clavulanate; DRB1#15:01; DRB1*#07 protective; European 2009-2011 133-135
co-amoxiclav DILI A*02:01 and DQB1*06:02
and rs3135388, a tag SNP of
DRB1*#15:01-DQB1*06:02
B*18:01 Spanish 2013 116
DRB1%#03:01-DQB1*02:01
Lumiracoxib DRB1*#15:01-DQB1*06:02-DRB5*01:01- International, multicenter 2010 136
DQA1*01:02 haplotype
Ximelagatran DRB1(*)07 and DQA1(*)02 Swedish 2008 137
Diclofenac ABCBI11, C-24T, UGT2B7%*2, European 2007 138-140
IL-4 C-590-A
Isoniazid NAT2 slow acetylator, European 2009 139, 140
CYP2E1*5,*1B
Flucloxacillin B*57:01, DRB1*01:07- European 2009 140, 141
DQB1*01:03
Lapatinib DRB1*#07:01-DQA2*02:01- International, multicenter 2011 142
DQB1%02:02/02:02
Ximelagatran DRB1*#07, DQA1*02 European 2008 137
Fixed drug eruption
Febrazone B*22 Ttalian 1994 143, 144
Sulfamethoxazole A*30-B*13-Cw*6 haplotype Turkish 2001 145
Agranulocytosis
Clozapine B*38, DR*4, DQw*3 Jewish 1990 146, 147
(6672G>C) in DQBI1 North American 2011 148
Cw7/B*18 or B*39 or B*44/DRB*5 White 2007 149
Levamisole B*27 South American 1990 150
Drug-induced lupus
erythematosus
Hydralazine DR*4 European 1980 151
Procainamide, isoniazid, DR*4 Italian 2009 152
methyldopa, quinidine
Other
Aspirin (urticaria and/or DRB1*13:02-DQB1*06:09-DPB1*02:01 Korean 2005 150
angioedema) haplotype
Aspirin (asthma) DPB1*03:01 Korean 2008 153
Gold sodium thiomalate DR*5 Spanish 1994 154
(mucocutaneous reaction)
Gold sodium thiomalate B*8, DR*3 European 1985 155
(proteinuria, thrombocytopenia,
or leukopenia)
NSAIDs (anaphylactoid and DR*11 Spanish 1999 156
cutaneous reactions)
D-penicillamine (myasthenia DR*1 Mixed white 1983 157
gravis)
D-penicillamine (proteinuria) B*8, DR*3 European 1986 158
Beryllium (granulomatous lung DPB1 gene and DPR1 gene polymorphisms, North American 2003 159, 160

disease)

DRB1*#13, and DQB1*06

DILI, drug-induced liver injury; GWAS, genome wide association analysis; MPE, maculopapular eruption; NSAID, Nonsteroidal anti-inflammatory drug; SNP, single nucleotide

polymorphism.
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HLA-B*57:01
HLA-B*58:01
HLA-B*15:02

Australia- 5-10%, 1-4%, <1%

FIGURE 2. Geographic distribution and frequency of the key drug HSR alleles associated with ABC HSR, allopurinol DRESS-DIHS-HSS
and SJS-TEN and CBZ SJS-TEN HLA-B*57:01, HLA-B*58:01, and HLA-B* 1502, respectively. Red, HLA-B*57:01 frequency; blue, HLA-
B*58:01 frequency; green, HLA-B*15:02 frequency. In some regions such as China, Thailand, and India the wide ranges of individual
HLA alleles are indicative of geographic diversity within those countries.

diagnosis of true immunologically mediated ABC HSR through
the use of patch testing.z'im After this, a case-control study of black
patients and of white patients in the United States demonstrated
that 100% of both white patients and black patients with a positive
patch test and with a clinical history consistent with ABC HSR
carried HLA-B*57:01.”" It is now recommended by international
guidelines that HLA-B*57:01 screening be carried out before the
initiation of ABC therapy.31 Crucially, the negative predictive
value for this test is 100%, which means that individuals without
the HLA-B*57:01 will not develop ABC HSR. Testing results in a
reduction in the incidence of ABC HSR*® and is cost
effective.””

Due to its narrow HLA restriction and high positive predictive
value of 55%, ABC HSR provided a unique model for the study of
HLA-related drug hypersensitivity. The positive predictive value
refers to the number of HLA-B*57:01" individuals who would
develop HSR if given ABC therapy. Laboratory evidence has
shown that ABC HSR is HLA-B*57:01 restricted and mediated
by CD8+ T lymphocytes. Infiltrating CD8" T cells are present
within the skin of patients with ABC HSR and with rash,>* and
TNFs and INF-y are produced by patients with ABC HSR
PBMCs in vitro.”>° In addition, CD8" T cells from patients
naive to ABC and who carry the HLA-B*57:01 allele proliferate in
response to ABC in long-term culture and are specifically activated
by the drug. These T cells display a polyclonal response with the
broad use of VP receptors. This activation appears to be depen-
dent upon peptide processing via the conventional major histo-
compatibility complex-I presentation pathway.””

CBz

CBZ is a widely used anticonvulsant associated with SJS-TEN
in individuals who carry HLA-B*15:02.°*? Initial studies
identified the association in the Han Chinese population; this has
since been reproduced in individuals of Thai, Malaysian, and
Indian ethnicities,”*** and for other alleles on the B75 sero-
type.42,4,s,4s As with ABC, genetic testing for HLA-B*15:02 is
readily available for routine clinical practice and has been asso-
ciated with a positive predictive value of up to 3%-7.7% for
CBZ-induced SJS-TEN in the Han Chinese population,”” and is
recommended by the US Food and Drug Administration for
individuals of east and southeast Asian ethnicity. In a study of
4120 patients of Han Chinese background who tested negative
for HLA-B*15:02 and subsequently received CBZ, none devel-
oped SJS—TEN.% However, HLA-B*15:02 has not been found
to be a risk factor for CBZ SJS-TEN in white populations, in
which the carriage rate of this allele is <0.1% (Figure 2). Analysis
of the Taiwanese data as well as more recent European data
suggests an association between HLA-A*31:01 and CBZ
DRESS-DIHS. Some, but not all, studies in predominantly
white populations have suggested an association between HLA-
A*31:01 and CBZ-associated SJS-TEN.*""*’

Similar to ABC HSS, CBZ-induced SJS-TEN has been shown to
be mediated by CD8™ T cells. CBZ-specific T cells have been iso-
lated from patients with SJS, and ex vivo exposure to CBZ activates
granulysin release.’” A dominant T-cell receptor (TCR), VB-11
clonotype VB-11-ISGSY has been identified in blister fluid and
PBMC:s in 84% of patients with SJS-TEN and in 14% of healthy
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ABACAVIR CLINICAL ROADMAP

1998 Abacavir causes abacavir hypersensitivity (ABC HSR) in 5-8%
2002 Two independent groups publish strong association between ABC
* HSR and HLA-B*5701 in predominantly Caucasian populations
2002-2004 Apparent low sensitivity of HLA-B*5701 in non-white populations
* questions generalizability
2002-2008 Clarity added to the “false positive clinical diagnosis “ of ABC HSR,
* observational studies
2000-2005 Patch testing is a highly specific for “true” ABC HSR
2008 Randomised clinical trial using patch testing confirms utility of HLA-
B*5701 and case-control study shows generalizability across
& ethnicity
2008-2013 Widespread uptake into clinic in developed world, incorporation into

treatment guidelines, test reimbursed

FIGURE 3. The ABC-HLA-B*5701 Clinical Roadmap. The ABC-HLA-B*5701 example illustrates the necessary steps required to move
from identification of the HSR and risk alleles to implementation of clinical screening before administration of the drug.

controls, and absent in controls with CBZ tolerance. Furthermore,
CBZ-dependent cytotoxicity can be blocked by anti-TCR-Vf-11
antibodies in these cells. Finally, both a VB-11-ISGSY clone and
specific VP-11-ISGSY transfectants display cytotoxicity against
HLA-B*15:02" antigen presenting cells in the presence of CBZ.”"
This study highlights the importance of both HLA type and
TCR repertoire in CBZ-induced SJS-TEN. However, it is imp-
ortant to note that the identified drug-specific clonotypes were not
present in all of the patients with CBZ SJS-TEN.

MODELS FOR THE IMMUNOPATHOGENESIS OF
ABC HSR AND CBZ SJS-TEN

Several models have previously been suggested to explain the
nature of immune activation during drug-induced SCAR,
including the hapten hypothesis, in which small molecule drugs
are hypothesized to covalently bind to and modify self-proteins
that lead to immune recognition of a neoantigen’’ and the
pharmacologic-interaction concept, which states that drugs can
interact directly and noncovalently with the major histocom-
patibility complex and/or TCR and induce the formation of
HLA:drug complexes that activate T-cell immune responses
directly without requiring a specific peptide ligand.”” Evidence
now supports the altered peptide repertoire hypothesis, which, in
the case of ABC, has now been verified by modelling and crys-
tallography data that show that ABC binds noncovalently to the
F anchor pocket of HLA-B*57:01 to alter the chemistry and
shape of the antigen binding cleft.”” It also has been demon-
strated that this binding alters the presented peptide repertoire,
with particular self-peptides presented only in the presence of

ABC, which are able to be recognized by T cells of patients who
are hypersensitive.”””” The presentation of novel peptides,
therefore, explains drug-induced hypersensitivity as the product
of the drug, the HLA type, and the available T-cell repertoire
that will respond to newly presented self-peptides (Video 1,
available online at www.jaci-inpractice.org). Further insight into
the interaction between CBZ and HLA-B*15:02 was provided
by demonstrating that PBMCs from patients with CBZ SJS-
TEN stimulated a specific population of cytotoxic lymphocytes
(CTL) that exhibit cytotoxicity against B lymphoblastoid cell
lines or keratinocyte transfectants that express the HLA-B*15:02
allele. The effect could be blocked by anti-HLA-B antibodies.
The study showed that endogenous peptide—loaded HLA-
B*15:02 molecules presented CBZ to CTLs without the
involvement of intracellular drug metabolism or antigen pro-
cessing, yet endogenous peptide binding was required to stabilize
the HLA class I complex on the cell surface. Furthermore, the
CBZ binding has been shown to be specific to members of the
HLA-B75 serotype and that modifications of the ring structure
of CBZ altered HLA-B*15:02 binding and abrogated the CTL
response. Finally, site-directed mutagenesis has shown that the
residues (Asn63, Ile95, and Leul56) in the peptide-binding
groove of HLA-B*15:02 are involved in CBZ presentation and
CTL activation. In particular, Asn63 shared by members of the
B75 family is the key residue. In supporting this, computational
modeling shows that CBZ compounds are preferentially bound
in the B pocket and are consistently observed in the binding
groove near Arg62.”° An independent study also supports
binding in this region and predicted that CBZ binds beneath the
P4/P6 residues of the peptide, adjacent to position 156.”” Similar
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TABLE Il. DRESS-associated viral reactivation
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TABLE lll. Reported DRESS-associated autoimmune diseases

Drug Viral reactivation Reference nos. Disease Reference nos.
CBZ HHV-6, HHV-7, 13, 57-60, 62, Lupus erythematosus 63, 67
CMV, EBV 161, 162 Autoimmune thyroiditis 63, 168
Phenobarbital, phenobarbital- HHV-6, HHV-7, 13, 59, 60 Graves disease 72, 168
zonisamide CMV, EBV Thrombotic thrombocytopenic purpura 169
Zonisamide HHV-6, HHV-7, 13, 60 Type 1 diabetes mellitus 68, 70, 72
CMV . . .
Autoimmune hemolytic anemia 72
Sulfasalazine- HHV-6 13, 58 . ..
. Autoimmune hepatitis 170
salazosulfapyridine J ile idiopathic arthritis. th toid 171-173
uvenile idiopathic arthritis, rheumatoi -177
Ibu[)'rf)fen EIENES 23 arthritis (preceding DRESS)
Aspirin HHV-6 163 Graft-vs-host disease 69
Mexiletine HHV-6, EBV, CMV 13, 59 ..
Kawasaki disease 163
Allopurinol HSV-2, HHV-6, HHV-7, 13, 60, 62,
CMV, EBV 65, 164
Amoxicillin HHV-6 165 . .
v -teiconani HHV-6 66 EBV, that can persist for the lifetime of the host and are reac-
ncomycin-ten nin - . . .
a _CO i ye 3 ¢ c?p a i tivated during DRESS-DIHS-HSS and defective regulatory T-cell
Isoniazid, rifampin, HHV-7 167 f .
unction have also been proposed to be relevant to the patho-
ethambutol, and . . . 71 . .
——— genesis of autoimmune diseases.” Alternatively, it has been sug-
Sulfamethoxazole HHV-6, HHV-7, EBV 6 gested that another pre-existing predisposition to autoimmune

HSV-2, Herpes simplex virus 2.

to ABC, it was demonstrated that the binding of CBZ to HLA-
B*15:02 alters the repertoire of presented self-peptides.”

VIRAL REACTIVATION IN DRESS-DIHS-HSS AND
ADDITIONAL IMMUNOPATHOGENETIC MODELS
FOR SCAR

The reactivation of chronic persistent viruses in the HHV
family, including HHV-6/7, cytomegalovirus (CMV), and
Epstein-Barr Virus (EBV), has been described with most but not
all drugs implicated in DRESS-DIHS-HSS (Table II). Viral
reactivation has been an uncommon occurrence in other SCAR
syndromes. The most prevalent HHV reported to reactivate has
been HHV-6"""°® and, more recently, HHV-7, EBV, and/or
CMYV reactivation have also been observed in up to 76% of pa-
tients with DRESS-DIHS-HSS.0>¢%¢ Sequential reactivation of
EBV, HHV-6, and CMV has been described to occur in some
patients with DRESS-DIHS-HSS.””*” When viral reactivation
occurs, it can be asymptomatic, cause recrudescence of DRESS-
DIHS-HSS, or cause organ-specific viral disease; this is high-
lighted by recurrent drug-specific DRESS-DIHS-HSS and organ-
specific viral disease in cases in which there has been inadvertent
rechallenge of the implicated drug.®® In addition, there appears to
be an EBV-driven expansion of CD8" lymphocytes in many
patients with DRESS-DIHS-HSS both in patients with or those
without EBV reactivation within the blood, skin, liver, and lung.
The DRESS-DIHS-HSS associated drugs CBZ, sulfamethoxa-
zole, and allopurinol have been shown to contribute to increased
EBV production by EBV-transformed B lymphocytes from
patients. It has been proposed that the general nature of this effect
in patients with DRESS-DIHS-HSS may be due to inhibition of
enzymes that promote EBV reactivation or via specific interactions
of the drugs with enzymes regulating gene transcription, but this is
controversial.”> Another complication of DRESS-DIHS-HSS is
the development of autoimmune disease after resolution of the
initial drug reaction; this has been reported in patients with pre-
vious HHYV reactivation (Table III).(’7’70 Viruses, for example,

disease may contribute to the development of a DTHS.*>"*
Several factors are necessary but not sufficient for the patho-
genesis of ADRs, as exemplified by ABC and CBZ. The HLA-
allele-drug interaction as in the altered peptide model is a key
factor but does not explain why some individuals with suscep-
tibility alleles are free from adverse effects, in other words why
only 55% of patients with positive HLA-B*57:01 treated with
ABC, and 3% of patients with positive HLA-B*15:02 treated
with CBZ develop HSR and SJS-TEN, respectively. The CBZ
example suggests the role of available TCR clonal types. The final
requirement for a drug-induced adverse reaction is the presence
of a self-peptide that will bind to the drug-HLA complex and
activate the appropriate T cell. Although viral reactivation
appears to be a complication of DRESS-DIHS-HSS associated
with many drugs, given the time course of this reactivation and
the fact that multiple HHV have been shown to reactivate, it
does not explain the immunopathogenesis or onset of DRESS-
DIHS and its specific and varied clinical syndromes.
Furthermore, DRESS-DIHS-HSS appears relatively unique in
its association with HHV reactivation. Substantial evidence sup-
ports a model of heterologous immunity-mediated organ trans-
plantation rejection that is likely to apply to at least some DIHS. In
organ transplantation, pre-existing class I restricted effector mem-
ory T-cell responses to prevalent viral infections can mediate organ
rejection.”””® Tt has been shown that allo-HLA reactivity of virus-
specific memory T cells is common.”””” Both naive and memory
CD4" and CD8™ T cells frequently cross-react against allogeneic
HLA molecules, and this allo-recognition exhibits exquisite peptide
and HLA specificity, and is dependent on both public and private
specificities of the TCR.*” Finally, allo-HLA cross-reactive re-
sponses show tissue specificity, depending on presentation of tissue-
specific self-peptides.”””” %154 Similarly, the persistence of patch
test reactivity in patients with previous ABC skin symptoms more
than 9 years after the ADR and negative skin patch testing in
individuals who are ABC naive, despite ABC responsive cells in
circulation, supports the presence of tissue-specific resident memory
cells homing to the skin as a result of a prior systemic reaction.””"”
In keeping with this, HSV-specific CD8™ effector memory T
cells may reside in the epidermis poised to kill keratinocytes that
present an HSV epitope in the context of the appropriate HLA
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molecule. In the setting of CBZ-associated SJS-TEN, for instance,
it could be proposed that altered peptide presentation by
HLA-B*15:02 in the presence of CBZ may be cross-recognized
by tissue resident-memory CD8™ T cells specific for viral peptides
and mediates SJS-TEN %88

CONCLUSIONS

We report a case study of a patient with HLA-B*15:02, CBZ-
induced SJS-TEN who has shown a durable drug-specific immune
response 17 years after her initial reaction, as also observed in
patients with HLA-B*57:01" ABC HSR.”"* Our case also was
unusual in having a positive patch test 9.5 years after the original
reaction because patch testing has been reported to be less than
30% sensitive in SJS-TEN. The less than 100% negative predictive
value and <50% sensitivity of patch testing for most SCAR (ABC
hypersensitivity > DRESS-DIHS-HSS/AGEP is even greater than
SJS-TEN) means that clinical diagnosis is still the criterion stan-
dard that drives management. Similarly, in terms of ex vivo assays,
ELISpot appears to be more sensitive than lymphocyte trans-
formation tests, but these also are adjunctive research tests not
available to most centers, and they lack 100% sensitivity and
negative predictive value. Current evidence for the pathogenesis of
HLA-mediated drug hypersensitivity, including ABC and CBZ,
supports a complex model of HLA-drug noncovalent interactions,
which result in an altered repertoire of self-peptides presented to
the available T-cell population. Both the speed and tissue speci-
ficity of the immunologic response also support the stimulation of
pre-existing memory-cell response. Furthermore, although anti-
gen-specific T-cell responses are actively maintained, they are
reversible and short lived in the absence of drug exposure to pro-
vide the stimulating antigen.”””" It is known that the patient is
Herpes Simplex virus 2, varicella-zoster virus, CMV, and HIV
positive, and it is possible that a viral epitope(s) (or overlapping
epitope[s]) may be responsible for the previous systemic immune
response and subsequent maintenance of the CBZ-HLA-B*15:02
self-peptide responsive memory T cells.

Although very different clinical phenotypes, there are signifi-
cant immunopathogenetic parallels between ABC HSR and CBZ
SJS-TEN, which suggests that many SCARs may share common
immunopathogenetic mechanisms. An increased understanding
of structural and biochemical basis of how drugs interact with
HLA molecules, the functional consequences, and the patho-
genesis of the incomplete positive predictive value and varying
clinical phenotypes will provide a strategy for preclinical screening
and approaches to improve the safety and cost-effectiveness of
drug development. HLA screening to prevent life-threatening
immunologically mediated drug reactions such as CBZ SJS-TEN
and other drug reactions can be useful and cost-effective measures
to improve drug safety. This has been evidenced by marked de-
creases in the incidence of CBZ-associated SJS-TEN in Taiwan,
related to decreased off-label use of CBZ but also due to the
recommendation and government funding of HLA-B*15:02
screening before CBZ prescription. Many of these HLA alleles are
population-specific considerations for many of these, and testing
may not be available in all jurisdictions. There also are numerous
hurdles that exist to clinical translation. The ABC “roadmap” for
genetic screening to prevent ABC HSR, from discovery through to
translation of a genetic test in routine clinical practice acts as a
successful example that can be applied to the development of
screening tests for other drugs to improve patient care (Figure 3).
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