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Abstract

The majority of immune-mediated adverse drug reactions (IM-ADRs) involve the skin, and many 

have additional systemic features. Severe cutaneous adverse drug reactions (SCAR) are an 

uncommon, potentially life-threatening and challenging sub-group of IM-ADRs with diverse 

clinical phenotypes, mechanisms and offending drugs. T-cell mediated immunopathology is 

central to these severe delayed reactions, but effector cells and cytokines differ by clinical 

phenotype. Strong HLA-gene associations have been elucidated for specific drug-SCAR IM-

ADRs such as Stevens-Johnson Syndrome/toxic epidermal necrolysis (SJS/TEN); although the 

mechanisms by which carriage of a specific HLA allele is necessary but not sufficient for the 

development of many IM-ADRs is still being defined. SCAR management is complicated by 

substantial short and long-term morbidity/ mortality and the potential need to treat ongoing co-

morbid disease with related medications. Multidisciplinary specialist teams at experienced units 
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should care for patients. In the setting of SCAR, patient outcomes as well as preventive,diagnostic, 

treatment and management approaches are often not generalizable, but rather context specific, 

driven by population HLA-genetics, the pharmacology and genetic risk factors of the implicated 

drug, severity of underlying co-morbid disease necessitating ongoing treatments, and cost 

considerations. In this review, we update the basic and clinical science of SCAR diagnosis and 

management.
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Introduction

Therapeutics is a cornerstone of modern medical practice. The United States Federal Drug 

Agency has approved ~1450 new molecular entities (NME), with 25–35 NME approved per 

year (1). Adverse drug reactions (ADRs) to known and new agents are common, accounting 

for around 5% and 3% of adult medical and paediatric hospital admissions respectively (2, 

3). ADRs may result from ‘on-target’ effects, predictable based on drug action (type A); in 

contrast, ‘off-target’ ADRs (type B) are a heterogeneous group with varied clinical 

manifestations and underlying mechanism. Subspecialists such as hepatologists, allergists/

clinical immunologists and dermatologists are the usual disciplines that investigate and 

manage off-target ADRs, given the frequency of liver and cutaneous involvement as well as 

the proposed central role of immunopathology. Figure 1 illustrates how cutaneous, with and 

without systemic ‘off-target’, ADRs can occur through several mechanisms. In this review, 

we will discuss cutaneous adverse drug reactions (CADR) with a special focus on severe 

cutaneous adverse drug reactions (SCAR), which are life-threatening T-cell mediated ‘off-

target’ CADRs. SCAR includes distinct clinical phenotypes with varied complex underlying 

immunological mechanisms. Clinicians managing patients presenting with possible SCAR 

face multiple challenges including: a growing number of SCAR-causing drugs; continued 

reliance on case definitions in the absence of either accurate and/or well-standardised 

diagnostics/biomarkers; and no discriminatory or good prognostic markers to tailor 

treatment approaches or prevent drug cessation in less severe variants. We outline for 

practicing clinicians, the existing basic and clinical science evidence base for the prevention, 

diagnosis and management of severe cutaneous and systemic reactions to drugs.

Epidemiology

CADRs are common, and can be found listed amongst the side effects of almost all drugs. 

Non-life threatening CADRs such as maculopapular exanthema/morbilliform eruptions, 

photodistributed drug eruptions, fixed drug eruption (FDE) and urticaria are frequent with 

estimates between 0.3–8%, with antibiotics and NSAIDs drugs being the commonest 

offenders (4, 5). In certain high-risk patient populations, such as persons living with HIV, 

CADRs have been reported to occur in up to 25% of patients receiving highly active anti-

retroviral therapy (HAART) (6, 7). Clinicians need to be able to distinguish the distinct 
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clinical phenotypes of the more severe reactions (detailed in the next section), with high 

morbidity and mortality, from this high background rate of CADRs.

Figure 2 highlights the estimated prevalence of major SCAR phenotypes in different 

continents, with the common offenders and regionally important drugs highlighted. The 

influence of population-specific HLA risk alleles is also shown for abacavir hypersensitivity 

(HLA-B*57:01), allopurinol drug Reaction with eosinophilia and systemic symptoms 

(DRESS)/drug-induced hypersensitivity syndrome (DIHS)/hypersensitivity with systemic 

symptoms (HSS) (HLA-B58*01) and carbamazepine Stevens Johnson syndrome/toxic 

epidermal necrolysis (SJS/TEN) (HLA-B*15:02). Globally, SJS/TEN and DRESS are the 

two commonest SCAR clinical phenotypes with a prevalence of between 1–7/million 

population and 1-4/10000 respectively. SJS/TEN increases almost a 1000-fold to as high as 

2/1000 amongst persons living with HIV (8–18). Epidemiological data on acute generalized 

exanthematous pustulosis (AGEP) is limited but is estimated at between 0.35–5/million 

population (11, 19). Other CADRs that tend to have self-limiting phenotypes, but also have 

uncommon severe forms include fixed drug eruptions (FDE) with a severe generalised 

bullous subtype, and drug-induced vasculitis. Limited datasets are available on the 

prevalence of these ADRs although they have been well described in association with 

antimicrobials and NSAIDs (20, 21).

Common offending drugs causing SCAR include allopurinol (highest single offending agent 

in Europe, China and USA) (22, 23), aromatic anticonvulsants (leading cause of DRESS), 

antimicrobials e.g. co-trimoxazole, antiretrovirals e.g. abacavir and nevirapine, and oxicams, 

a class of non steroidal anti-inflammatory drug (NSAID) (Figure 2). Table 2 shows 

commonly implicated drugs stratified by phenotype, indicating that certain drugs e.g. 

aromatic anticonvulsants associate with particular phenotypes e.g. DIHS/DRESS, while 

others traverse phenotypes. The key drivers of particular offending agents epidemiology 

includes: population frequency of drug specific HLA-risk alleles which will be discussed 

further in the immunopathogenesis section of this review (17, 24) (Figure 2); and local 

disease burden and risk factors; such as the co-epidemics of tuberculosis and human 

immunodeficiency virus (HIV) leading to the disproportionate TB and cotrimoxazole-related 

SCAR prevalence in sub-Saharan Africa (10, 25). Non-genetic risk factors are also 

important for certain SCAR phenotypes and particular offending drugs including i) 

concommittant diuretic use, higher dosing and pre-existing renal impairment in allopurinol 

hypersensitivity (22, 23), and ii) underlying malignancy (26) or systemic lupus 

erythematosus (SLE) (27) increasing the risk of SJS/TEN. It is also important to note that 

certain clinical phenotypes of SCAR e.g. SJS/TEN and AGEP, especially in children and 

younger populations are not always associated with drugs, postulated to be attributed in 

some instances to viral, bacterial or even parasitic infections (19, 28).

Clinical phenotypes

The clinical presentations of CADRs have some overlapping features that may make it 

difficult to identify the phenotype. In this section we describe these features, summarizing 

cutaneous and systemic involvement, latency periods, laboratory and histological features as 
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well as differential diagnoses in Table 2, with illustrative images showing discriminatory 

cutaneous features in Figure 3.

Exanthematous, morbilliform or maculopapular drug eruptions account for 95% of all 

cutaneous drug eruptions (29). The symmetrical erythematous macules and papules can 

become confluent and generalized. Exanthematous drug eruption may be associated with 

pruritus, low-grade fever and mild eosinophilia. The majority are self limiting allowing 

continuation of the drug. However, care should be taken as a small proportion progress to 

more serious reactions such as SJS/TEN and DRESS (30).

Steven Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN)

SJS and TEN form a spectrum of the same disease differentiated by the extent of epidermal 

necrosis and detachment. In SJS, there is <10% of epidermal detachment and in TEN there 

is >30%. SJS/ TEN overlap lies between the two extremes. SJS/TEN is a different disease 

from erythema multiforme which has mainly an infective etiology (31, 32). SJS/TEN is 

often preceded by a prodrome of fever, general malaise, non productive cough, stinging eyes 

and a sore mouth. These symptoms and signs are often confused with an upper respiratory 

tract infection. They rapidly progress to an exanthem of macules and targetoid lesions, 

epidermal detachment and erosive mucositis of at least two surfaces, usually within 3 days 

(33). Early painful erythema of the palms and soles is a major feature of SJS/TEN. TEN, the 

more severe form has mortality of >30% which gradually increases up to 49% at one year 

(34). Risk factors for SJS/TEN include HIV infection, certain HLA alleles that may be 

population clustered, renal failure and radiotherapy (7, 35).

Drug reaction with eosinophilia and systemic symptoms (DRESS)

DRESS, which is also known as drug hypersensitivity syndrome, is another severe form of 

SCAR. The eruption is most commonly urticaria-like plaques or an exanthem. However, 

vesicles, pustules, cheilitis, purpura, targetoid lesions and erythroderma have been reported. 

Fever, edema (particularly facial and acral), lymphadenopathy, leukocyte abnormalities 

(leucocytosis, eosinophilia and/or atypical lymphocytosis) hepatitis and non-erosive 

mucositis have been reported with variable frequency. Nephritis, pancreatitis, pneumonitis 

and myocarditis are less frequently reported (36, 37). Long-standing severe lesions are 

characterized by extensive scaling referred to as exfoliative dermatitis. Involvement of > 

50% of the body surface area, severe oedema, infiltrated skin lesions, scaly erythema and 

purpura differentiate DRESS from drug exanthems and should serve as a red flag for the 

treating physician (36). Risk factors for DRESS include renal failure and advanced age.

Fixed drug eruption presents as itchy, round, well-circumscribed, erythematous macules or 

dusky indurated plaques on the skin or mucosal surfaces. The hallmark of FDE is persistent 

hyperpigmentation, most severe in darker skin (38). The lesions recur on the same sites 

within a few hours on re-exposure to the drug, sometimes with new lesions at other sites 

(39). Rarely, the lesions can be extensive and bullous resembling SJS/TEN but typically 

without extensive mucositis. Upon discontinuation of the offending drug, lesions resolve 

spontaneously within 7 to 10 days, even in severe cases, often with post-inflammatory 

hyperpigmentation (40) (Figure 3).
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Acute generalized exanthematous pustulosis (AGEP)—Characteristically AGEP 

presents as an acute generalized eruption of non-follicular, sterile pustules on a background 

of indurated erythema. The pustules have an early predilection for the flexural folds of the 

face and body and spread to the trunk and limbs within a few hours. Palms and soles are 

rarely affected and at least one mucous membrane is involved in 20 -25% of cases. Systemic 

features of AGEP may include fever, leukocytosis, neutrophilia, eosinophilia and 

hypocalcaemia. Hepatitis, renal insufficiency and respiratory distress are reported less 

frequently (41, 42). The pustules usually resolve spontaneously with a typical collaret of 

scale-like desquamation within two weeks. AGEP usually has a mild course except in 

patients with poor general health and the reported mortality is lower than 5% (11, 43). The 

clinical picture, typical histology of subcorneal and/or intraepithelial pustules and a positive 

patch test that often displays localized production of sterile pustules on a background of 

indurate erythema similar to the acute reaction confirms the diagnosis (41, 44) Figure 3.

Serum sickness (SS) and Serum sickness-like reactions (SSLR)

SSLR clinically resembles SS, the latter being the prototype immune complex-mediated 

hypersensitivity reaction. However, in SSLR there are no circulating immune complexes, 

serum complement levels are normal and there is typically no evidence of internal organ 

involvement such as nephritis or hepatitis. Classic SS is characterized by pruritic urticarial or 

serpiginous plaques, fever, malaise, and polyarthralgia or polyarthritis, 7 – 14 days after first 

exposure to the responsible agent. In cases where the offending drug is injected, the rash 

often starts at the site of injection (45–47). The rash is usually widespread however the 

involvement of the junction between the dorsum and palmoplantar surfaces is suggestive of 

SS (48, 49). Exanthematous eruption, papules, palmar erythema, reticulate purpura and 

frank vasculitis have been reported. SSLR has similar clinical features but is usually milder 

than classic SS and all the features may not be present. The most common features include a 

similar rash, edema, fever and polyarthritis. SSLR rash typically appears 5– 10 days after the 

first exposure to the offending drug. The disease is self-limiting and resolves spontaneously 

on withdrawal of the offending drug (50).

Drug-induced vasculitis

The clinical hallmark of cutaneous vasculitis is palpable purpura. Other less common 

variants include reticulate purpura and urticarial vasculitis. In severe cases, the purpura can 

progress to form blisters and deep ulcers. The eruption can be associated with less specific 

features like fever, malaise, arthralgia and myalgia to single tissue or life-threatening organ 

specific vasculitis. The kidneys and the lungs are the most commonly affected (51, 52) 

(Figure 3).

Immunopathogenesis

Seminal observations in the early 2000’s identified strong associations between the risk of 

severe delayed IM-ADR such as SJS/TEN, DRESS, and drug-induced liver disease with 

variations in class I and class II HLA genes suggesting that CD4+ and/or CD8+ T-cell 

immune responses form the basis for these syndromes (53–56). This is supported by direct 

observation of cytotoxic immune cells (primarily T cells, but also NK cells and NKT cells) 
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in blister fluid obtained from patients with SJS/TEN and in biopsy specimens of inflamed 

skin obtained during acute CADR or following epidermal or intradermal administration of 

causative drug in patients with history of IM-ADR (Figure 4b) (57–60). Additionally, 

multiple laboratory studies have either provided drug specific ex vivo data to support a T-cell 

response or shown that circulating T cells isolated from individuals with history of IM-ADR 

proliferate in response to specific drugs or their metabolites in an HLA-restricted manner 

(61–65).

Drug interactions with immune proteins

Three non-mutually exclusive models have been proposed to describe how drugs might 

trigger T-cell activation (Figure 4a). These include the hapten/prohapten model, 

pharmacological interaction (p-i) model, and altered peptide repertoire model. Under the 

hapten/prohapten model, the offending drug or a reactive metabolite of the drug binds 

covalently to endogenous peptides to generate neoepitopes that elicit an immune response 

(66, 67). The p-i model holds that the offending drug binds non-covalently to either the TCR 

or HLA protein to directly activate T cells without the requirement for antigen processing. 

This model is thought to explain how some drugs can stimulate T-cell responses in vitro 
within seconds of drug exposure and/or for IM-ADRs that occur following first exposure to 

drug (67, 68). In IM-ADRs that adhere to the altered peptide repertoire model, the offending 

drug occupies a position in the peptide binding groove of the HLA protein thereby changing 

the stereochemistry of the binding cleft and the peptide specificity of HLA binding. It is 

proposed that peptides presented in this context are recognized as “foreign” by the immune 

system and therefore elicit a T-cell response. The specificity of the HLA-drug interaction is 

integral to this model. Currently abacavir hypersensitivity is the only syndrome for which 

structural, biochemical, and functional evidence exists to support the altered peptide 

repertoire model. The crystal structure of abacavir bound to HLA-B*57:01 and synthetic or 

self-peptides has been solved independently by two groups (69, 70). It is likely that there are 

other variations on how drugs non-covalently interact with immune receptors including 

effects on stability of HLA-peptide or HLA-peptide-TCR complexes or direct binding 

effects outside of the antigen-binding cleft. It is also possible for HLA class II mediated 

reactions that drugs or drug metabolites may mediate post-translational peptide 

modification.

Syndrome-specific effector cells and other considerations

SJS/TEN is a characterized by profound necrosis localized to the epidermis (Figure 4b). 

Cytotoxic CD8+ T cells, NK cells, and NKT cells producing the cytotoxic peptide 

granulysin, which mediates keratinocyte death, are enriched in blister fluid samples obtained 

from patients with acute SJS/TEN and are the primary mediators of disease pathogenesis 

(59, 60, 71, 72). Granulysin serum levels are correlated with the severity of acute disease 

and mortality (73, 74). Studies of HLA-B*15:02-associated carbamazepine-SJS/TEN 

suggest that the T-cell repertoire in blister fluid is enriched for a single clonotype bearing a 

common TCR CDR3 sequence and that this appears to be a public clonotype found in the 

peripheral blood and blister fluid of multiple patients with HLA-B*15:02 associated CBZ-

SJS/TEN (75). A second study did not find such clonotypic restriction in HLA-B*58:01 

associated allopurinol-SJS/TEN (76).
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Both CD8+ and CD4+ effector T cells are thought to be pathogenic mediators in DRESS 
(Figure 4b). However, unlike SJS/TEN, the immunopathogenesis of DRESS is associated 

with minimum keratinocyte necrosis, expansion of circulating and skin-infiltrating 

CD4+FoxP3+ T cells, most likely regulatory T-cells, in the dermis and with reactivation of 

human herpes viruses such as HHV-6, Epstein-Barr virus, HHV-7, and cytomegalovirus that 

often coincide with clinical relapse of disease (77–81). It is hypothesized that CD4+FoxP3+ 

T cells that home to skin serve to limit the severity of acute disease by regulating the 

cytotoxic effector T-cell responses (i.e. T-reg). However, it has been observed that Treg 

responses eventually exhaust following resolution of DRESS and this might contribute to 

ongoing viral replication and intermittent recurrence of clinical symptoms following 

resolution that are characteristic of this syndrome (78, 79). This model might explain the 

extended latency period seen in DRESS (2–6 weeks following initiation of drug) and 

absence of widespread epidermal necrosis that is characteristic of SJS/TEN (79). The role of 

viral reactivation in the pathogenesis of DRESS is currently unclear. HHV-6 and EBV 

reactivation have been observed as early as 2–3 weeks after onset of rash and it has been 

demonstrated that antiviral CD8+ effector T cells are expanded during this phase of disease 

(78, 81). Whether the presence of replicating virus contributes to the events inciting DRESS 

onset or is rather a product of general immune dysfunction such as breakdown of Treg 

suppressor function has not been defined. It is likely, however, that viral replication and a 

virus-specific T-cell response does contribute to the clinical features of DRESS including 

prolonged duration, multi-organ involvement, and relapsing course following withdrawal of 

glucocorticoid steroids. The presence of autoantibodies and less commonly onset of 

autoimmune disease such as thyroiditis, systemic lupus, and type I diabetes up to 4 years 

after resolution of DRESS has been reported in a number of cases and it is possible that 

ongoing Treg dysfunction contributes to these syndromes as well.

Management

Drug causality assessment and diagnostics

Once a diagnosis of SCAR is established based on clinical phenotyping with or without 

histology and exclusion of relevant differential diagnoses (Table 1), drug causality 

assessment and immediate withdrawal of the most likely implicated drug(s) is required. A 

detailed patient history considering all medications must be performed, with the focus on 

new drugs taken in the 8 weeks prior to presentations. An exposure analysis by a timeline 

chart is recommended. Common offenders (Figure 2 and Table 2) should be considered 

initially, but all new drug exposures should be considered and the relevant literature and 

online sources reviewed for unusual drugs (http://www.drugeruptiondata.com/). An 

important mistake to avoid is to incorrectly implicate drugs introduced for early symptoms 

of SCAR, such as antipyretics or antibiotics. Validated drug causality assessment tools help 

avoid this error; examples include the Naranjo score (82), applied across types of ADRs, or a 

more tailored tool, such as the algorithm for the assessment of drug causality in SJS/TEN 

(ALDEN) (83).

In-vivo diagnostics, such as patch or delayed intradermal testing can improve the clinical 

diagnosis of IM-ADRs, especially in the context of multiple drugs or unclear clinical 
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phenotyping (17). They are usually performed once the acute reaction has settled, but within 

one year. In the case of abacavir patch testing, it was incorporated into large clinical trials to 

define the phenotype of true immunologically mediated abacavir hypersensitivity and was 

calculated to have a diagnostic sensitivity of 87% (84–88). In addition, patch testing (PT) 

maybe useful to examine for cross-reactivity to similar drugs considered as therapeutic 

alternatives (89). A large multicentre study examined the utility of patch testing in DRESS, 

AGEP and SJS/TEN patients within one year of reaction; PT was safe but positive tests 

varied depending on both drug and clinical phenotype (90).

Amongst HIV-infected patients with TB drug related SJS/TEN, we have described a high 

incidence of non-life threatening systemic reactions to PT (91). In addition, the negative 

predictive value of in-vivo drug skin testing for CADRs is only ~90%, depending on the 

drug tested, making a case for oral provocation challenge if safe and alternative treatments 

are not available (92). Little impact data are available on how in- vivo testing changes 

patient management. The situation is similar for in- vitro testing, such as lymphocyte 

proliferation assays. Research laboratories are using a number of different assays to identify 

and characterize drug-specific immune cell populations or key cytokines involved in IM-

ADRs, but few of these are utilized for routine diagnostics in the clinic (93, 94). There are 

currently no serum biomarkers when utilized at a single timepoint that allow for early 

diagnosis or molecular phenotyping in SCAR.

Drug rechallenge

Currently there is a wide variety of structurally unrelated drugs to treat most conditions 

making the need for drug rechallenge rarely necessary. However, there are instances when 

there are no viable alternatives or the alternatives are associated with a higher risk to benefit 

ratio. Current in-vitro tests like lymphocyte transformation test can be useful, but despite 

being used for many years, they still exhibit limited sensitivity and specificity that varies 

with phenotype of CADR and the offending drug (95, 96). The options for in-vivo 
rechallenge include patch tests, skin prick tests, intradermal tests and oral provocation tests. 

These carry a risk of life threatening rechallenge reactions. Patch tests, skin prick test and 

intradermal tests theoretically carry a lower risk of a severe reaction due to reduced exposure 

to the offending drug. However their utility is limited and as a result oral provocation often 

becomes necessary (96). Oral drug provocation is considered the gold standard in adults and 

children for identifying the offending drug in suspected drug hypersensitivity (97). Non 

immediate urticaria and MPE occur frequently in children who are being treated with 

antibiotic for upper respiratory infections. The rash may be due to the drug, the infection, or 

the combination. Recent publications have emphasized the safety and effectiveness of oral 

provocation in children after the resolution of the illness, as the majority of children will 

tolerate rechallenge without reaction or with only a mild skin reaction (reviewed in Gomes 

et al 2016 (98)). Diagnostic drug provocation must be distinguished from therapeutic 

desensitization, or tolerance induction, which is the technique used to induce a state of 

unresponsiveness to the substance that continues as long as the drug is given (99). 

Traditional contraindications to drug provocation include pregnancy, significant co-

morbidities, and SCAR (bullous drug reactions, DRESS, anaphylaxis, systemic vasculitis 

and drug induced auto-immune disease). It is recommended that drug provocation should 
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take place after at least 4 weeks or at least 5 drug elimination cycles have passed since the 

ADR episode (97). These requirements are not always associated with the best outcomes 

(97). A good example is tuberculosis-associated SCAR in HIV-infected persons, where all 

the first-line drugs can be offenders and second-line drugs are less effective and associated 

with significantly poorer outcomes. Delay in reintroduction of optimal antituberculosis 

therapy results in higher mortality (25).

Before a rechallenge is undertaken certain conditions have to be met which include the 

absence of alternative reasonably effective drugs and potential worsening of outcomes if the 

specific drug(s) is not used. Based on current knowledge and experience, rechallenge in 

SCAR should be performed in a controlled environment with resuscitation facilities using 

established protocols (25). There is emerging evidence that oral drug provocation can be safe 

and feasible, even in life threatening conditions such as SJS/TEN and DRESS, if performed 

under close observation in hospital (100) (101). However, rechallenge is complex and needs 

a multidisciplinary team of experienced physicians. There are still many unanswered 

questions that future studies need to address including dosing schedules, full dose or 

escalating dose rechallenges, clinical and laboratory features of rechallenge and how soon 

can rechallenge be safely attempted post SCAR (25).

Genetic screening

There have been an increasing number of class I and class II HLA associations described 

with many drugs and SCAR and these have been instrumental in helping us understand the 

immunopathogenesis of these diseases. These have been comprehensively referenced with 

respect to T-cell mediated reactions (102) and here we include the highest odds ratio 

associations of potential clinical interest (Table 3). In addition to HLA risk, some specific 

drug metabolizing phenotypes have been implicated as important, as seen with the strong 

association between CYP2C9*3 poor metabolizing genotypes and phenytoin SCAR (SJS/

TEN>DRESS>maculopapular exanthema) (103) and CYP2B6 poor metabolizing genotypes 

and nevirapine cutaneous reactions (104). Despite an increasing number of associations 

genetic screening has been infrequently implemented into routine clinical practice with the 

notable examples being HLA-B*57:01 screening prior to prescription of the anti-retroviral 

drug abacavir and HLA-B*15:02 screening before carbamazepine prescription in many 

Southeast Asian countries where this allele is prevalent. Interestingly, attempts to implement 

HLA-B*15:02 screening in Hong Kong prior to carbamazepine prescription led to 

prescription of alternative anti-convulsants even in the case of HLA-B*15:02 negativity. 

This led to displacement of carbamazepine SJS/TEN by phenytoin SJS/TEN and no change 

in the overall incidence of SJS/TEN (105). The biggest hurdle for HLA screening for many 

drugs is the fact that HLA risk is necessary but not sufficient for the development of the 

hypersensitivity in question. In many cases this translates into an extremely high number of 

patients that would need to be tested for the HLA risk allele to prevent one case of 

hypersensitivity. For example, in the case of HLA-B*57:01 and flucloxacillin associated 

hepatitis almost 14,000 would need to be screened to prevent one case of hepatitis. 

Implementation of HLA-B*57:01 screening into clinical practice for abacavir 

hypersensitivity has been highly successful for several reasons including: 1) few patients had 

to be tested to prevent one case (Table 3) therefore clinicians with high practice volumes 

Peter et al. Page 9

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



could quickly and realiably test its effectiveness; 2) HIV treating physicians were a narrow 

constituency who had ownership of the drug; 3) True abacavir hypersensitivity occurred 

early (within 3 weeks of starting the drug); 4) Testing had 100% negatives predictive value 

and a comparatively high positive predictive value (55%), therefore if no HLA-B*57:01, no 

hypersensitivity; 5) Early availability of cost-effective, reliable laboratory tests (single allele 

testing) with quick turn-around-times; 6) Early engagement of academic and industry 

champions.

Prognosis

Mortality rates from a large cohort of SJS/TEN were 23% at six weeks, 28% at three 

months, and 34% at one year. Patients with TEN, the more extensive variant have mortality 

close to 50% (34). SCORe of Toxic Epidermal Necrosis (SCORTEN) is a validated severity-

of-illness score for SJS/TEN in the first day of admission. Seven clinical variables included 

in SCORTEN are: age more than 40 years, malignancy, heart rate >120/minute, initial 

epidermal detachment >10% of BSA, serum urea level >28 mgm/dl, serum glucose levels 

>250 mgm/dl and serum bicarbonate levels <20 mEq/dl. Each variable is allocated a single 

point and the score is a sum of these. The predicted probability of death is as follows: 0–1 

points – 3%; 2 points – 12%; 3 points – 35%; 4 points – 58%; 5 to 7 points – 90% (106). 

Prompt withdrawal of the offending agent can reduce mortality by ~30%(34). On the other 

hand, mortality rates for DRESS is estimated at 10%, but recent studies suggest lower rates. 

Common causes of DRESS-associated mortality include liver failure or secondary infection. 

Predictors of poor outcomes in DRESS have not been established (18). Mortality rates 

associated with AGEP are difficult to ascertain, but are estimated at less than 5% (11).

Biomarkers

An ideal biomarker should be easily accessible, affordable and suitable for the early 

diagnosis of a disease in routine screening or at the first sign of symptoms. It should also 

vary with disease progression or regression within an individual. Current biomarkers for 

CADR are far from ideal. Potential markers that have been identified include: eosinophilia, 

granulysin, perforin, IFN-γ, soluble FAS ligand and CD69 (107, 108) (109, 110). Some 

authors have suggested that combining different assays to measure different biomarkers 

yields better sensitivity and specificity (95). It also implies higher overall costs. Unlike 

genetic screening, biomarkers for CADR have not yet been validated for routine clinical use.

Supportive and specific therapies for SCAR

Management of drug hypersensitivity reactions relies upon prompt diagnosis, removal of the 

offending drug(s) and early appropriate management (57, 111). Management varies with the 

type of CADR.

Drug exanthems, serum sickness-like reaction and fixed drug eruptions

These are usually mild diseases and a majority of cases resolve without any intervention. In 

cases with mild fever and a significant rash, topical steroids and supportive care are 

indicated. The latter may include oral antihistamines and analgesics for fever. In cases of 

mild to moderate rash without fever, hepatitis (or other internal organ involvement) and 
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without mucosal involvement it may be reasonable to continue the drug with symptomatic 

management if chronic or prolonged treatment is deemed necessary as the rash will remit in 

most cases. Oral steroids are rarely indicated (112). There are also desensitisation protocols 

for certain common drugs e.g. cotrimoazole and allopurinol that can be used successfully in 

the setting of mild to moderate MPE, and in the case of cotrimoxazole for prophylaxis in 

patients living with HIV/AIDS even in SCAR. A Cochrane review found no severe 

recurrence of SCAR using both dose escalation and full dose rechallenge for co-trimoxazole 
in HIV-infected persons, but beneficial effect of using desensitization over rechallenge at six 

months of follow-up for preventing discontinuation of co-trimoxazole, and for lower 

incidence of overall hypersensitivity (113). Two types of desensitization protocols have been 

suggested for allopurinol, slower ones ranging from 16 to 28 days and a shorter one over 5 

days. The slower protocols are associated with better outcomes (114).

SJS/TEN—Supportive care is critical in the management of SJS/TEN. These patients 

should be managed in an appropriate hospital setting, based on SCORTEN (106). This is 

frequently in intensive care units or burn units. A team approach which includes 

dermatologists, burns unit specialists, ICU specialists, nutritionists, ophthalmologists, 

microbiologists, infectious disease specialists, general physicians and pain management 

team centered around a core of good nurses assures optimal management. Adequate 

nutrition with diet and fluid modification to offset severe dysphagia and odynophagia is 

critical. Fluid diet is preferable taking into consideration the temperature, acidity, texture and 

moisture of feeds. Oral feeding helps prevent adhesions in the upper oesophagus. Careful 

protection of the exposed dermis and early reepithelialising skin prevents further detachment 

and use clean, sterile, non-adhesive dressings. There is limited data on pain management in 

SJS/TEN and currently the closest protocols are those used for burn pain management. 

These cater for both the background low intensity pain and the more intense procedural pain. 

Oral trans-mucosal short-acting medium potency opioids are best for procedural pain. Low-

dose benzodiazepines, longer-acting, mild to moderate potency opioids together with 

paracetamol should be given for background pain (115). Frequent monitoring of vital signs 

is an important part of management to detect first signs of systemic infections. Based on 

current literature there is no role for prophylactic antibiotics. Temperature control and fluid 

balance also need to be considered. The use of adjunctive immunomodulatory therapies in 

SJS/TEN is controversial. The benefits of systemic steroids and intravenous 

immunoglobulins, although used routinely in some centres, is not fully supported by current 

evidence. In the case of intravenous immune globulin in particular this may relate to the 

lateness of presentation of most patients with drug-induced SJS/TEN and loss of an earlier 

window period where this treatment may have been effective. Other immunosuppressive 

drugs like cyclosporine, have been reported with mixed results or limited benefit that still 

need further studies in larger populations (116). Prevention of long-term eye complications 

is critical in the management of SJS/TEN. General supportive care with frequent lubrication 

and early assessment by an ophthalmologist to prevent or manage these complications is 

indicated. Prevention of adhesions and subsequent fibrosis in the genital mucosa entails 

frequent lubrication and frequent separation of these surfaces (117). The long-term sequelae 

and follow-up requirements for patients with SJS/TEN are outlined in Table 4.
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DRESS—Patients with suspected DRESS syndrome should be hospitalized until the 

inflammatory parameters and systemic disability are resolved. A clear threshold to initiate 

systemic versus topical therapy has not been established and expert practice differs. 

Depending on the severity, when the diagnosis of DRESS is made, systemic corticosteroids 

are frequently prescribed, either oral or parenteral. Systemic steroids are generally 

recommended in settings of life-threatening inflammation with internal organ involvement, 

irrespective of viral reactivation. However, in milder cases with associated co-morbidities 

like advanced HIV and TB co-infection, potent topical steroids are preferable (118). Similar 

to SJS/TEN, the use of systemic immunomodulatory treatments such as high-dose 

intravenous immunoglobulin have been used in DRESS with case reports of success (119), 

Caution should be exerted given the lack of evidence supporting this practice and at least 

one intravenous immunoglobulin DRESS treatment study that was terminated early because 

of lack of benefit, need for rescue corticosteroid treatment, and severe ADRs in 5/6 patients. 

This included one patient with pulmonary embolism at day 9 which is a described ADR 

associated with intravenous immunoglobulin, particularly in the setting of underlying 

autoimmune disease(120, 121) . In cases of internal organ failure, organ specific treatment 

and supportive care should be initiated. Long-term follow up is required to manage 

autoimmune sequelae (122) (Table 4).

SCAR in pregnancy

Pregnant women in the context of ADRs are a unique subset as the reaction not only impacts 

on the mother but the unborn baby. The critical questions are whether pregnancy predisposes 

to SCAR, does SCAR impact the fetus directly as well as the outcomes of the current 

pregnancy and subsequent pregnancies. Almost all of the published data, mainly case 

reports, has been on SJS/TEN. It is not clear if pregnancy itself predisposes the mother to 

SCAR although one small study in South Africa suggested that pregnancy is a risk factor for 

SJS in HIV-infected women taking nevirapine (123). There are a handful of published 

reports of maternal SJS/TEN affecting the unborn fetus (124). In the largest study published 

to date assessing pregnancy outcomes in 22 pregnant women in South Africa, none of the 

fetuses developed SJS/TEN. In this study, examined placentas were normal clinically and 

histologically and the placenta to birth weight ratio, a predictor of pregnancy outcomes, was 

normal. The study concluded that maternal and fetal mortality was not increased and fetal 

manifestation of SJS/TEN was not the norm (125). However, other studies have suggested 

that TEN, the more severe form of the disease is associated with a higher risk of premature 

labor (126).

Fibrosis and scarring of the birth canal is not an infrequent finding in SJS/TEN and there are 

several reports confirming that it interferes with normal vaginal delivery in some cases. It 

has been suggested that a careful assessment of the birth canal pre-delivery is undertaken 

and even if the canal is assessed as adequate for normal vaginal delivery, the obstetricians 

should still prepare for a caesarian section and fetal resuscitation (126).
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Conclusion

Clinicians involved in the assessment and management of CADRs need to have a good 

understanding of the clinical features of the more uncommon SCAR reactions that are 

associated with significant morbidity and mortality. Despite substantial advances in our 

understanding of the immunopathogenesis of these delayed IM-ADRs, diagnosis and 

management continues to rely heavily on clinical case definitions and causality assessments 

supported by histology and laboratory parameters. In some instances drug specific ex vivo/in 
vitro and in vivo diagnostics are useful but are not are not widely available. Drug 

provocation testing, where benefit outweighs risks, is often the only definitive method to 

able to identify offending agent(s) amongst polypharmacy. Genetic screening has reached 

clinical practice for certain specific offending drugs and SCAR sub-types with 100% 

negative predictive value of testing in some cases. However, in many instances large 

numbers needed to test to prevent one case which is driven by low disease prevalence, low 

positive predictive values and cost make implementation impractical. Many aspects of IM-

ADRs require further research including: i) ongoing mechanistic insights into 

immunopathogeneis, ii) improved diagnostic tests, iii) biomarkers for prognosis and to guide 

treatment e.g. when to initiate systemic corticosteroids or other immunomodulatory 

therapies, and iv) novel therapies that can alter morbidity and mortality.
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Abbreviations

ADR Adverse drug reaction

IM-ADR Immune-mediated adverse drug reactions

CADR Cutaneous adverse drug reaction

SCAR Severe cutaneous adverse reaction

SJS Stevens-Johnson syndrome

TEN Toxic epidermal necrolysis

DRESS Drug reaction, eosinophilia and systemic syndrome

DIHS Drug induced hypersensitivity syndrome
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AGEP Acute generalised exanthematous pustulosis

FDE Fixed drug eruption

GBFDE Generalised bullous fixed drug eruption

LDR Lichenoid drug reaction

SS Serum sickness

SSLR Serum sickness like reaction

HIV Human immunodeficiency virus

TB Tuberculosis

HLA Human leucocyte antigen

MPE Maculapapular exanthem
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Figure 1. Adverse drug reactions and the immune system
It is proposed that adverse drug reactions are classified according to their on-target vs. off-
target interactions between the drug and cellular components. Both on-target and off-target 

effects can demonstrate concentration–exposure relationships that may differ between 

individuals based on acquired or genetic host factors. The interaction between the drug and 

the target may relate to both the dose and/or duration of treatment. On-target reactions 

generally relate to an augmentation of the known primary therapeutic and pharmacological 

action of a drug (eg. bleeding related to warfarin) and off-target effects can occur by 

mechanisms that are both directly immune mediated and associated with immunological 

memory of varied duration (drug allergy) and mechanisms without a direct immunological 

effect and without immunological memory that may have an “immunological phenotype”. 

These reactions are often mediated through a pharmacological interaction (eg. aspirin 

exacerbated respiratory disease or non-IgE mediated mast-cell activation seen with 

fluoroquinolones and opioids). Off-target reactions that are non-immunologically mediated 

are often dose-dependent whereas immunologically-mediated off-target reactions associated 

with immunological memory can be both dose dependent (T-cell mediated reactions) or 

dose-independent (recognition and amplification of small amounts of antigen in the case of 

IgE-mediated reactions). Predisposition to both on-target and off-target reactions is driven 
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by genetic variation but also ecological factors that can vary over the course of an 

individual’s lifetime (Adapted from White et al (101) and Phillips (127)
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Figure 2. The Global Epidemiology of Severe Cutaneous Adverse Drug Reactions
HLA allele frequencies are indicated for different populations and colour coded. If no 

prevalence figures are provided for a particular phenotype then a relevant continental dataset 

was not found.

Abbreviations: SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; DRESS, 

drug reaction with eosinophilia and systemic symptoms; AGEP: Acute generalized 

exanthematous pustulosis; HIV SCAR: Human immunodeficiency related severe cutaneous 

adverse drug reactions; SSLR: Serum-sickness like reaction; NSAIDs: Non-steroidal anti-

inflammatory drugs
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Figure 3. Montage of images to illustrate important features of different clinical phenotypes
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Figure 4. Immunopathogenesis of SCAR
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Figure 4A: Proposed models of drug hypersensitivity

(a) In the Hapten/prohapten model drugs form covalent bonds with endogenous proteins/

peptides. These drug-modified peptides are then processed by antigen presenting cells and 

presented on the MHC resuting in a T-cell response. (b) The drug-specific 

Pharmacological-Interaction (P-I) model proposed that drug binds directly to immune 

receptors such as the T-cell Receptor (TCR) or HLA forming non-covalent bonds without 

the need for peptide. Dashed lines represent non-covalent bonds. (c) The Altered peptide 
repertoire model the drug forms non-covalent bonds within the binding pocket(s) of the 

MHC to alter the chemistry of the binding cleft and repertoire of self-peptides able to bind to 

the HLA molecule in question. Some of these newly presented self-peptides have not been 

previously tolerized and their presentation results in a T-cell response. (d) The interaction 

between abacavir and HLA-B*57:01 as occurs in abacavir hypersensitivity syndrome 

exemplifies the altered peptide repertoire model. Abacavir is shown bound to altered peptide 

and HLA1014 B*57:01 in the HLA-B*57:01 antigen binding cleft.

Figure 4B. Proposed pathogenic mechanisms in drug-induced Stevens-Johnson syndrome/

toxic epidermal necrolysis (SJS/TEN) and drug reaction with eosinophilia and systemic 

symptoms (DRESS). The disease process in SJS/TEN occurs in the epidermis. In SJS/TEN, 

the drug likely interacts with the with human leukocyte antigen protein on keratinocytes 

which act as antigen-presenting cells to activate drug specific CD8+ cytotoxic T cells. This 

interaction causes drug-specific CD8+ T cells to accumulate within epidermal blisters and 

release perforin and granzyme B that can kill keratinocytes. Drugs also trigger the activation 

of CD8+ T cells, NK cells and NKT cells to secrete granulysin which appears to be one of 

the most important cytotoxic mediators in SJS/TEN and can induce keratinocyte death 

without the need for cell contact. Clinical symptoms of SJS/TEN include a painful, 

blistering skin rash that results in epidermal necrosis and detachment as well as less specific 

symptoms including fever and sepsis. SJS/TEN is associated with a mortality of up to 50% 

as well as significant long-term morbidity including permanent corneal scarring, vision loss, 

prolonged pain and weakness, post-traumatic stress disorder and fear of drug.

The dermis is the primary skin compartment involved in DRESS. Both CD8+ and CD4+ T 

cells are pathogenic mediators in DRESS. DRESS is characterized by a lymphatic infiltrate 

of T cells into the dermis and increased release of TNFα and IFNγ. DRESS is also 

associated with viral reactivation of human herpesviruses although the role of viral 

reactivation in DRESS pathogenesis is currently unclear. DRESS presents as a widespread 

rash of varying severity without skin separation or blistering accompanied by fever, internal 

organ involvement frequently affecting the liver and eosinophilia. Delayed autoimmune 

disease can occur as a sequela of DRESS.

Abbreviations: SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; DRESS, 

drug reaction with eosinophilia and systemic symptoms; CTL, cytotoxic lymphocyte; NKT, 

natural killer T cell; NK, natural killer cell; IFNγ , interferon-gamma; TNFα, tumor 

necrosis factor alpha; DC, dendritic cell; APC, antigen-presenting cell; TCR, T-cell receptor; 

PTSD, post-traumatic stress disorder
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Table 4

Long-term sequelae of SCAR and follow-up requirements

Type of reaction Long-term sequelae

Drug Exanthem None

SJS/TEN Skin: dyspigmentation, eruptive naevi, milia, nail dystrophy, alopecia, scarring, heterotopic ossification (137–140).

Ocular: sicca symptoms, trichiasis, corneal vascularization, corneal scarring, symblepharon, keratitis, blindness (141, 
142).

Oral: xerostomia, synechiae, chronic gingivitis, dental caries, periodontal disease, taste abnormalities, abnormal dental 
development in children, candidiasis (142, 143).

GIT: pancreatitis, colon necrosis, oesophageal stenosis and webs, microstomia, persistent intestinal ulcers (144–148).

Genitourinary: vaginal stenosis, labial fusion, hydrocolpos, haematocolpos, dyspareunia, vaginal dryness, urethral 
stenosis (149).

Pulmonary: chronic obstructive bronchitis and bronchiolitis, bronchiectasis, pharyngeal and laryngeal scarring (150, 151).

Autoimmune: Sjogren’s syndrome, systemic lupus erythematosus, autoimmune thyroiditis (151).

Psychiatric: anxiety, depression (152).

DRESS Skin: dyspigmentation, xerosis (153).

Autoimmune disease: alopecia areata, diabetes mellitus type 1, autoimmune haemolytic anaemia, >50% have 
autoantibodies, Graves disease (153–155).

Genitourinary: progressively increasing risk of renal failure (153).

Psychiatric: post traumatic stress disorder, anxiety, depression (152, 156).

FDE Post inflammatory hyperpigmentation (38, 39).

LDR Post inflammatory hyperpigmentation, depigmentation (10, 157).

AGEP None

Vasculitis Skin: dyspigmentation, scarring

Genitourinary: Renal failure

SS Progressive glomerulonephritis, aplastic anaemia

SSLR None

Abbreviations: SJS/TEN – Stevens Johnson syndrome and toxic epidermal necrolysis; DRESS – drug reaction with eosinophilia and systemic 
symptoms; FDE – fixed drug eruption; LDR – lichenoid drug reaction; SS – serum sickness; SSLR – serum sickness-live reaction; AGEP – Acute 
generalized exanthematous pustulosis
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