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Abstract

Background: Research efforts have been concentrated to develop new biomarkers with a
particular interest in cytokines and chemokines released from activated T cells. Studies on
cytokine measurements after clinical drug challenge in SCARS patients have reported an
initial increase in serum TNF-a and IL-8 followed by elevation in IFN-y, IL-6 and IL-10 levels.
Early studies suggesting a weak association between some HLA serotypes and SJS/TEN. But
later on a strong connection between HLA alleles and drug-induced cutaneous reactions has
been identified in numerous studies. It is of note that the HLA encoding genes are the most
polymorphic of the whole human genome, and the distribution of the various alleles is quite
heterogeneous across human populations from different geographic locations. This makes
necessary specific studies on defined ethnic groups and hinders the identification of strongly
associated HLA alleles in populations with high rates of genetic exchange resulting from
migration, such as the populations of Europe and North America. In this regard, it is
interesting that the prognostic value of HLA-B*57:01 as a risk factor to develop abacavir
hypersensitivity was initially questioned after reports of low sensitivity in some population
groups such as Hispanic patients and those of African descent. However, further studies
showed a strong association for patch test-confirmed cases across all ethnicities.
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Research efforts have been concentrated to develop new biomarkers with a particular interest in

cytokines and chemokines released from activated T cells.

Studies on cytokine measurements after clinical drug challenge in SCARS patients have reported
an initial increase in serum TNF-ot and IL-8 followed by elevation in IFN-y, IL-6 and IL-10 levels
( Shiohara et al., 2015). Similarly, dosage of levels for multiple cytokines/chemokines in order to
identify essential markers has also been attempted with studies identifying a significant increase in
IL-6 and interferon gamma-produced protein 10 (IP-10) in SJS/TEN and DRESS as well as IL-
16 in FDE, SJS and DRESS but not TEN (Shiohara et al., 2015).

These authors go to recommend the use of IL-6 and IL-10 as diagnostic and predictive tools in
monitoring adverse drug reactions (Shiohara et al., 2015). But these markers may be elevated in
other conditions such as acute infection and sepsis. Further, serum soluble Fas-ligand (sFasL) levels,
granulysin, IL-15, CD137 and the proapoptotic factor galectin-7 have been described in the
pathological processes of SJS/TEN with sFasL and galectin-7 being considered as biomarkers able
to predict TEN progression but not SJS and granulysin serum levels correlating with disease

severity and mortality (Hama et al., 2019).

In DRESS/DiHS, several markers were reported as indicators of disease progression and activity
such as the serum thymus and activation-regulated chemokine (TARC) and granulysin. Other
markers such IL-2, IL-4, IL-5, IL-13, IFN-y and granzyme-B have been described in T-cell drug
hypersensitivity (Komatsu-Fujii et al., 2018). Measurement of these markers was reported using
the ELISpot, intracellular cytokine staining, ELISA, rapid immunochromatographic tests, plex

bead-based immunoassay kits and flow cytometry(Su et al., 2016).

Controversial markers are also important to underline such as IL-17 with some studies reporting a
negative correlation with adverse drug reactions (Shiohara et al., 2015) while others described an
increase of this cytokine in SJS/TEN. Similarly, procalcitonin has been described as a marker for
bacterial infection that could benefit the differential diagnostic that includes delayed

hypersensitivity (Yoon et al., 2013).

Early studies suggesting a weak association between some HLA serotypes and SJS/TEN. But later
on a strong connection between HLA alleles and drug-induced cutanecous reactions has been
identified in numerous studies (Su SC etal 2016). These seminal investigations have been
followed by HLA-typing studies confirming the significant associations of these alleles across
various populations in which the respective alleles are prevalent (White etal 2018), and (Chen
etal 2018).

It is of note that the HLA encoding genes are the most polymorphic of the whole human genome,
and the distribution of the various alleles is quite heterogeneous across human populations from
different geographic locations. This makes necessary specific studies on defined ethnic groups and

hinders the identification of strongly associated HLA alleles in populations with high rates of
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genetic exchange resulting from migration, such as the populations of Europe and North America

(Phillips 2019).

In this regard, it is interesting that the prognostic value of HLA-B*57:01 as a risk factor to develop
abacavir hypersensitivity was initially questioned after reports of low sensitivity in some population
groups such as Hispanic patients and those of African descent. However, further studies showed a

strong association for patch test-confirmed cases across all ethnicities (Sousa-Pinto etal 2016).

Previous studies

found an association between HILA-B*15:02and HLA-A*31:01  and
carbamazepine-induced SJS/TEN (Genin etal 2014). Interestingly, the association between HLA-
A*31:01 and carbamazepine-induced MPE had been previously described in Han Chinese patients
Associations between HLA-B*38:01 and lamotrigine-induced SJS/TEN and between HLA-
A*24:02 and lamotrigine-induced DRESS have been reported in Spanish patients (Ramirez etal
2017). The association between HLA-B*38:01 and lamotrigine-induced SJS/TEN had been
previously reported among European patients (Lonjou etal 2008). On the other hand, HLA-
A*24:02 was found to be a genetic risk factor for lamotrigine-induced MPE in Norwegian

(Shirzadi etal 2015) and Korean populations (Moon etal 2015).

Strong associations were recently identified between HLA-B*13:01 and dapsone-induced
(Zhang etal 2013), between HLA-B*59:01 and
methazolamide-induced SJS/TEN in Korean, Japanese and Han Chinese patients and between
HILA-A*32:01 and vancomycin-induced DRESS in North American patients (Konvinse etal
2019).

hypersensitivity reactions in Asians

Table 1: Human leukocyte antigen class I alleles with well-established associations in severe

cutaneous adverse reactions (Tangamornsuksan and Lohitnavy 2018).

HLA risk allele Drug SCAR Population | Population OR
HLA-B*57:01 Abacavir Abacavir All 960
HSS hypersensitivi
ty
HLA-B*58:01 Allopurinol | SJS/TEN DRESS All 580
HLA-B*15:02 Carbamazep | SJS/TEN South East | > 1000
ine Asian
HLA-A*31:01 Carbamazep DRESS European, 57.6
ine South East
Asian, Japanese
HLA-B*13:01 Dapsone DRESS All 20
HLA-B*59:01 Methazolam | SJS/TEN Han Chinese, | 715.3
ide Korean,
Japanese
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HLA-A*32:01 Vancomyci DRESS North 70
n American
(European
ancestry)

The identification of certain HLA alleles as risk factors has impelled the implementation of genetic
testing for the prevention of severe hypersensitivity reactions (Jung etal 2015). HLA-B*57:01
has 100% negative predictive value (NPV) for abacavir hypersensitivity reactions and 55% positive
predictive value (PPV) (White etal 2018). This makes HLA-B*57:01 testing highly cost effective
for the prevention of hypersensitivity reactions. HLA-B*57:01 screening before abacavir

prescription is part of guideline-based routine HIV practice in the developed world.

With respect to other HLA alleles that show strong associations with SCARs, high NPVs have also
been calculated for HLA-B*15:02 in relationship with carbamazepine-induced SJS/TEN and for
HLA-B*58:01 in allopurinol-induced SCARs in Asian populations. Although the PPV is low in
both cases ( White etal 2018), HLA-B*15:02 screening before carbamazepine prescription has
been introduced into routine clinical practice in several Southeast Asian countries such as Taiwan,
Singapore, and Hong Kong, where significant reductions in carbamazepine-associated SJS/TEN
have been achieved ( Chen etal 2018).

Diagnostic Methods of SCARS

< In vivo testing:

1. Drug Challenge:

In the context of drug allergy, drug challenge in a patient with suspected drug-induced
hypersensitivity remains the gold standard for determining tolerance (Aberer et al., 2003). For
immediate reactions, such as IgE mediated reactions, a negative drug challenge has a 100% negative
predictive value. However, in the case of a severe delayed reaction, re-challenge with a single dose
of a drug may not reproduce the reaction and, hence, it has a lower sensitivity than a prolonged
challenge (3-5 days), particularly with a remote reaction ( Hjortlund et al., 2012). (Trubiano et
al., 2017a).

In addition, with high severity reactions, drug challenge carries an inherent risk and the benefit of
re-challenge has to be carefully weighed against the risk of a serious reaction. In cases of SCARS or
severe organ involvement, challenges are contraindicated because of the risk of a life-threatening

clinical reaction (Rive et al., 2013).

In this context, investigational tools have been developed to aid drug evaluation. In vivo testing
such as Patch test (PT) and delayed intradermal test (IDT) and ex vivo assays such as the LTT and
ELISpot have been described for various drugs and phenotypes but lack international validation.

Combining in vivo and ex vivo methods in delayed hypersensitivity reactions can increase the
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diagnostic yield, although this has been shown in only small cohort studies (Trubiano et al.,
2018).

2. Skin Testing:

In vivo testing (PT and delayed IDT) is usually performed to the implicated drug(s) at least 4—
6 weeks after delayed hypersensitivity resolution at the recommended non-irritating concentrations

(Phillips et al., 2019).
2.1 Patch Testing:

The main types of reactions where PT is used with specificity are MPE, AGEP, DRESS, SJS/TEN
and FDE ( Barbaud et al., 2013). The sensitivity of this investigational tool varies depending on
the clinical setting, the causal drug, the drug concentrations used and the phenotype with typical
figures for AGEP at 58-64%, DRESS between 32 and 80%) and SJS/TEN, 9-24% (Barbaud et
al., 2013). Drugs like antiepileptics, contrast media, beta-lactams, tetrazepam and pristinamycin
increase the sensitivity of PT, while allopurinol or its active metabolite, oxypurinol, appear to never

provide clinical utility (Johansen et al., 2015).

The testing should be performed at least one month after the resolution of the reaction or after
discontinuation of oral steroids, as immunosuppressants can decrease T-cell mediated immunity,
and preferably during the first year after the reaction. The European Network on drug allergy
(ENDA) and the European Academy of Allergy and Clinical Immunology (EAACI) recommend
timing between 3 weeks and 3 months and describe drug concentrations between 5 and 30% with
most antimicrobials diluted at 20% or 30% in petrolatum vehicle and the retained vehicle alone

as negative control ( (Brockow et al., 2019).

For DRESS, patch testing may be further delayed because of the concomitant dosing of topical or
systemic steroids or other immunosuppressants and to avoid confusion with DRESS relapse.
Available literature suggests that the yield from patch testing for SJS/TEN is in general low but
dependent on the drug and class of drugs. Sensitivities will vary from 0% for allopurinol to >50%

for aromatic antiepileptic drugs such as carbamazepine (Konvinse et al., 2016).

The two forms of PT described are the extemporaneous, involving the local preparation of the PT
by the pharmacy or the drug allergy staff with commercially available drugs and petrolatum or
water, and the conventional PT implying use of a limited number of ready-to-use commercialized
PT products at 10% concentration in petrolatum. In a retrospective study, 21/75 (23.3%) patients
with MPE, FDE, AGEP, DRESS, SJS/TEN tested simultaneously with both methods had positive

results, indicating that both methods are as valuable and reliable (Assier et al., 2017).
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PT is usually applied in the upper back regions for practical reasons with the exception of FDE in

which the PT is applied on the region of the previous reaction. The International Contact
Dermatitis Research Group have published an interpretation score for the patch test reactions
(Barbaud et al., 2014).

In a large multi-center patch testing cohort, only one patient (1/134) presented a relapse of
his skin condition (AGEP) following patch testing (Barbaud et al., 2013) indicating that this
diagnostic method carries low morbidity. In a retrospective review including 826 patients, PT
showed promising results for drug challenge outcomes with 82.3% (14/17) with positive PT
having a positive challenge and 90.4% (207/229) patients with negative PT presenting no reaction
to challenge (Barbaud et al., 2013).

PT is a quick and safe investigational method clinically relevant when testing is conclusive, a
negative PT not excluding the possibility that the drug is causal. There is need to re-challenge
negative testing in less severe clinical phenotypes. This method should be homogenized, as to
resolve current inconsistencies, by comparing the outcomes in large multicenter studies,
determining concentration thresholds and avoiding false negative and false positive results
(Konvinse et al., 2016).

2.2 Intradermal Testing:

Intradermal testing is done on the volar aspect of the forearm with 0.02-0.05 ml of antibiotic
reagent or normal 0.9% serum saline (negative control) (Brockow et al., 2019). The use of IDT
is limited to drugs available in liquid sterile formulations. The positive control normally used is a
skin prick test with histamine 10 mg/ml (Heinzerling et al., 2013). In terms of drug
concentrations, expert consensus advises the use of the highest non-irritating concentration

described for immediate reactions (Phillips et al., 2019).

However, recent work for drugs with non-IgE mast cell activation determined that higher
concentrations that might initially be irritating are needed for improved sensitivity (i.e.,
ciprofloxacin, vancomycin) ( Konvinse et al., 2016). An IDT result is considered positive when
the dermal induration and erythema at the injection site exceeded 5 mm from baseline. Delayed
reading is performed at 24, 48 h and up to 1 week ( Brockow et al., 2019). IDT with delayed
reading has been described in reactions such as MPE, AGEP and DRESS with potential risk in
SJS/TEN and unknown utility in FDE. This investigational tool was previously considered
potentially harmful in SCAR phenotypes but actually few reports describe severe systemic reactions
following IDT For SJS/TEN, based on the current available literature, the benefit of IDT does
not outweigh the risk. For DRESS, it is reccommended that testing generally be done 6 months

following the acute reaction (Syrigou et al., 2016; Watts, 2017).
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In terms of cross-reactivity between beta-lactams in the context of delayed hypersensitivities, 18.7—
31.2% of the patients tested presented a reaction to amino-penicillins and amino-cephalosporins
predicted by the presence of shared R1 and R2 side chains ( Romano et al., 2016). Also, in
patients with a delayed penicillin type reaction, delayed IDT to beta-lactams has allowed to
confirm tolerance to cephalosporins (Picard et al., 2019; Trubiano et al., 2020), carbapenems
( Picard et al., 2019) and monobactams. Other classes of interest are currently being studies with
no evidence of cross-reactivity such as glycopeptides, antibiotic and non-antibiotic sulfonamides,
drugs in the rifampin class and aromatic and non-aromatic anticonvulsants (Heinzerling et al.,

2013).

In the setting of a severe delayed reaction, PT is related to lower adverse reactions but IDT has
been described as more sensitive in non-SJS/TEN reactions while some recommendations only
suggest proceeding to IDT after negative PT. In a cohort study of 21 patients with delayed
reactions to penicillin and 30 controls with no allergic history, no false positives were reported and
20/21were positive for IDT compared to 18/21 for patch testing. Widespread implementation of
IDT for delayed hypersensitivities still carries some barriers such as the lack of available sterile
preparation for all drugs, generally low negative predictive value (NPV) and limited data in some

reactions(Cabanas et al., 2014).

< Ex Vivo Diagnostic Tools:

In vitro/ex vivo diagnostics, such as the LTT and the ELISpot assay, while having the advantage
of carrying no risk of drug re-exposure for the patient, are not available for routine diagnostic use

in most centers.
1. Lymphocyte Transformation Test:

LTT has been extensively studied as a diagnostic method for delayed hypersensitivity reactions.
Lymphocytes are isolated from the patient’s peripheral blood mononuclear cells (PBMC) and
cultured with pharmacological concentrations of the suspected drugs for 5-7 days. LTT responses
are measured by the stimulation index (SI, average proliferation of drug-exposed cultures/average
proliferation of negative control cultures), with typically an SI > 2+ confirming response, which is
calculated based on the radioactive thymidine (H-thymidine) uptake, a marker directly

proportional to the degree of T-cell proliferation in response to a drug antigen (Kato etal 2017).

This enhanced response is interpreted as a T-cell sensitization and has produced positive responses
in different clinical settings and with various implicated drugs (Rive et al., 2013). However, one
might keep in mind that lymphocyte stimulation can occur not only by immunological
mechanisms but also pharmacological ones and some drugs may cause false positive results as was
observed in some patients that presented positive responses to drugs they had tolerated (Kato etal
2017).
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The reported sensitivity of LTT in delayed hypersensitivity reactions ranges from 27% to 74 and

specificity was quoted as 85% to 100% (Porebski et al., 2013; Porebski et al., 2015). Putting
aside the demanding and time-consuming laboratory manipulations and the use of radioactivity
and specialist equipment, the LTT can be an interesting support in drug hypersensitivity diagnosis
but is still only used as a research tool (Kato etal 2017). In the last 10 years, aside from case

reports or small cases series, very few studies have focused solely on the LTT method for diagnosis
(Tomida et al., 2016).

3. Enzyme Linked ImmunoSpot Assay:

Interferon gamma (IFN-y, also known as Type II interferon) is an important immunoregulatory
cytokine that was originally identified through its anti-viral activity. It plays key roles in host
defense by exerting anti-viral, anti-proliferative and immunoregulatory activities. IFN-y induces
the production of cytokines and upregulates the expression of various membrane proteins
including class I and II MHC antigens, Fc receptors, leukocyte adhesion molecules, and B7

antigen. IFN-y is a potent activator of macrophage effector functions (Copaescu et al. 2021).

It potentiates the secretion of immunoglobulins by B cells and affects isotype switching. IFN-y
also influences T-helper cell phenotype determination by inhibiting Th2 differentiation and
stabilizing Th1 cells . IFN-y is produced primarily by activated NK cells, activated Th1 cells and
activated CD8+ cytotoxic cells. Additional cell types that produce IFN-y include macrophages,
mast cells, dendritic cells, neutrophils , and peripheral Y8 T cells. The production of IFN-y is
upregulated synergistically by IL-12 and IL-18. Human IFN-y cDNA encodes a 166 amino acid
(aa) residue precursor protein containing a 23 aa residue predicted signal peptide that is cleaved to
generate the 143 aa residue mature human IFN-y containing a pyroglutamate residue at the N-

terminus (Copaescu et al. 2021).

Natural IFN-y is heterogeneously glycosylated and contains truncations of up to 16 aa residues at
the carboxy-terminus. In solution, human IFN-y exists exclusively as a noncovalent homodimer.
The functional IFN-y receptor complex consists of two distinct subunits. The o subunit (IFN-y

R1) binds IFN-y with high-affinity and species-specificity (Veldzquez et al, 2017).

The B subunit (IFN-y R2, also referred to as the accessory factor 1, AF-1) interacts with the IFN-
Y occupied o subunit in a species-specific manner and is required for signal transduction via the
JAK-STAT pathway. Both the o and the 3 subunits are type I membrane proteins. Whereas the o
subunit is expressed constitutively at low levels on many cell types, the cellular expression of the 3
subunit correlates with IFN-y responsiveness and is tightly-regulated. The Human IFN-y ELISpot
assay is designed for the detection of human IFN-y secreting cells at the single cell level and can

be used to quantitate the frequency of human IFN-y secreting cells (klaewsongkram etal 2019).

As regards to ELISpot assays, they are well suited for monitoring immune responses to various

stimuli treatments and therapies, and the have been used for the quantitation of antigen-specific
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CD4+ and/or CD8+ T cell responses. Other methods for assessment of antigen-specific T cell

responses, such as chromium release assays with quantitation by limiting dilution, are tedious and
require previous in vitro expansion of T cells for several days. These assays typically are not suitable
for measuring infrequent T cell responses that occur at less than 1 in 1000. ELISpot assays are
highly reproducible and sensitive, and can be used to measure responses with frequencies well
below 1 in 100,000. ELISpot assays do not require prior in vitro expansion of T cells and they are
suitable for high-throughput analysis using only small volumes of primary cells (Copaescu et al.
2021).

PRINCIPLE OF THE ASSAY:

The ELISpot assay was originally developed for the detection of individual B cells secreting
antigen-specific antibodies. This method has since been adapted for the detection of individual
cells secreting specific cytokines or other antigens. ELISpot assays employ the quantitative

sandwich enzyme-linked immunosorbent assay technique (Trubiano et al., 2018).

A monoclonal antibody specific for human IFN-y has been pre-coated onto a polyvinylidene
difluoride (PVDEF)-backed microplate. Appropriately stimulated cells are pipetted into the wells
and the microplate is placed into a humidified 37 °C CO2 incubator for a specified period of time.
During this incubation period, the immobilized antibody in the immediate vicinity of the secreting
cells binds secreted IFN-y. After washing away any cells and unbound substances, a biotinylated
polyclonal antibody specific for human IFN-y is added to the wells. Following a wash to remove

any unbound biotinylated antibody, alkaline-phosphatase conjugated to streptavidin is added
(Kato etal 2017).

Unbound enzyme is subsequently removed by washing and a substrate solution is added. A blue-
black colored precipitate forms and appears as spots at the sites of cytokine localization, with each
individual spot representing an individual IFN-y secreting cell. The spots can be counted with an

automated ELISpot reader system or manually using a stereomicroscpe (Kato etal 2017).

Quantification of IFN-gamma expression by T cells is a well established surrogate test for assessing
cellular-mediated immunemresponses. Several IFN-gamma detection methods have been
developed and are commercially available, all characterized by specific discriminating features. In
particular the enzyme-linked immunosorbentassay, enzyme-linked immunospot assay and
intracellular cytokine staining assay are in widespread use. However, when measuring low-level
responses, the ELISpot assay is a better choice due to its lower detection limit with high sensitivity.
Moreover, it is less expensive to perform, less dependent upon sophisticated instrumentation and
better suited to the analysis of frozen samples when limited numbers of cells are available
(klaewsongkram etal 2019).
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Figure 1: Detection of cytokine secretion using ELISpot (Copaescu et al. 2021).

Cytokine-specific coating antibody is added and incubated overnight at 4°C. The plate is washed
and PBMCs and drug(s) are added and incubated for 18-20 h at 37°C. The following day, the
plate is washed again and biotin-conjugated detection antibody is added and incubated for 2 h at
room temperature. After another wash, streptavidin-bound enzyme is added and incubated for 1 h
at room temperature. After the last wash, substrate is added (BCIP-NBT or TMB). Spot
development is monitored for ~15 min (in dark). The plate is washed and left to dry overnight for
a final reading on the fourth day. BCIP-NBT, 5-bromo-4-chloro-3-indolyl phosphate
(BCIP)/nitro blue tetrazolium (NBT); ELISpot, enzyme linked ImmunoSpot; PBMC, peripheral

blood mononuclear cells; TMB, tetramethyl benzidine.
Practical Approach to the Diagnosis of Cutaneous Adverse Drug Reactions

Dr. Shear suggested clinical assessment of drug-induced skin injury called the 4 Ds by: diagnosis
of the adverse event, differential diagnosis, drug exposure, and determining probabilities (Shear

and Dodiuk-Gad 2019).

1621
Tob Regul Sci. ™ 2023;9(1): 1612-1629


https://www.frontiersin.org/files/Articles/573573/fphar-11-573573-HTML/image_m/fphar-11-573573-g003.jpg

Nagwa Ibrahim Mohamed Saber et. al
Human Leukocyte Antigens as Determinants of Drug-Specific Immune Responses and
Genetic Risk Factors for SCARs

1. Diagnosis of the Adverse Event:

Any patient taking medications with a cutaneous eruption should be evaluated for a cutaneous
ADR to determine if the clinical signs are a result of the medication or related to a different cause.
The diagnosis of a cutanecous ADR is based on three key steps. The first step is determining
morphology, according to the four main categories: exanthematous, urticarial, pustular, and
blistering. The second step is to determine if there is any systemic involvement in addition to the
cutaneous involvement as this will help to distinguish between a “simple” and a “complex”

reaction(Shear and Dodiuk-Gad 2019).

The third step is determining the histology. Drug eruptions elicit a variety of inflammatory disease
patterns histologically and can be used to help differentiate between the various cutaneous adverse
drug reactions. Hence, skin biopsies can be very useful in the process of diagnosing cutaneous

adverse drug reactions (Orime 2017).
2. Differential Diagnosis:

It is essential to establish a differential diagnosis, keeping in mind all the possible diagnoses. In
addition, it is encouraged to rank the approximate likelihood of each condition (Dodiuk-Gad et
al. 2017).

Morphology

Systemic Histology

Figure 2. Dr. Shear’s diagnostic triangle of reactions (Shear and Dodiuk-Gad 2019).
3. Drug Exposure (Drugs Taken and the Lag Period)

First and foremost, it is important to determine drug exposures. Physicians could consider
obtaining the assistance of family members, pharmacists, and others that might know which

medications the patient was taking prior to the adverse event. In addition, the lag period of a drug
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reaction is crucial to analyze carefully when determining the causative agent since different
cutaneous drug reactions have different timelines. The lag period is the time between initiation of
the drug and the onset of the first symptoms of the drug reaction. All medications, especially those
taken in the 8 weeks prior to the cutaneous adverse drug reaction, must be considered as possible
causative agents. Physicians should also ask patients about over-the-counter medications in

addition to prescription drugs (Nigen et al. 2003).

Physicians may want to consider creating a drug exposure timeline chart to visualize the
chronology. The timeline could include relevant information including the first day of taking the
medication, dosage, and the last day that the patient took the medicationmfor each drug as well as
adding the signs and symptoms throughout this time period (Dodiuk-Gad et al. 2017). The time
frame is very useful because it is influenced by the reaction pattern. For example, a drug eruption
that is caused by an IgE-mediated mechanism will occur approximately minutes after a drug’s
initiation, while a reaction such as SJS/TEN will take several weeks to begin after a drug’s initiation

(Young and Shear 2017).
4. Determine Probabilities

The biggest challenge in assessing drug-induced skin injury is establishing whether it was caused
by a medication a patient was taking or another cause that is unrelated. In order to effectively assess
a causal relationship, it is crucial to take a thorough and detailed history including asking patients
if they had any history of cutaneous rashes themselves or in their family and whether withdrawing

the drug improved the eruption.

Physicians may also rate the reaction based on Naranjo et al.’s adverse drug reaction probability
scale, which classifies the drug reaction according to a probability category as definite, probable,

possible, or doubtful (Dodiuk-Gad et al. 2017).

Table 2: summarizes the major steps in the systematic approach for the diagnosis of cutaneous

drug eruptions (Shear and Dodiuk-Gad 2019).
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1 Determination of the morphology of the primary lesion based on four

main categories:

exanthematous, urticarial, bullous, and pustular

2 Assessment of systemic involvement based on patient’s vital signs and
symptoms and basic laboratory screen:

full blood count, liver and renal function tests, and urine analysis

3 Skin biopsy for histopathology and if relevant direct immunofluorescence studies

4 | The usage of validated diagnostic criteria, if available

5 Establishment of a working diagnosis and a differential diagnosis that

takes into account all possible diagnoses

6 Drug exposure analysis—determination of the lag period and creation of a timeline

7 Determination of probabilities for the associations between the suspected
drug and the clinical event
according to patients’ history, literature, and in vitro and in vivo

diagnostic assessments including HLA genetic tests

8 Based on steps 6 and 7, identification of the suspected drugs

9 Communication with the patient, family, healthcare providers, and

regulatory agencies

10 | Proper follow-up for the patient in a timely and appropriate manner
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