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 Use of medications in the population as a whole is increasing, and as the baby 
boomer cohort ages, more people will survive with chronic illnesses, and 
with new medical advances, there is an ever-increasing transplant population. 
One of the most diffi cult aspects of polypharmacy is allergic and toxic reac-
tions to drugs. The skin is often the only or the earliest harbinger of multi- 
organ system damage in these patients. The skin is also the most easily 
observed and biopsied. 

 Therefore, a textbook covering all aspects of this challenging dilemma 
seems apropos. That is what this treatise attempts to do. And in so doing, we 
hope to create an accessible resource for early detection and resolution of 
cutaneous drug reactions.  

    Kansas City ,  MO ,  USA      John     C.     Hall  ,   MD   
    Irving ,  TX ,  USA      Brian     J.     Hall  ,   MD       

  Introd uction   
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      Immunology of Cutaneous 
Drug Eruptions 

           Jon     A.     Dyer    

    Abstract  

  Adverse drug reactions (ADRs) are divided into type A (pharmacotoxico-
logic) and type B (hypersensitivity) reactions. Type B ADRs represent 
~10–15 % of all ADRs, and immune-mediated hypersensitivity drug reac-
tions account for ~10 % of type B ADRs. These hypersensitivity reactions 
are reproducible with repeat drug exposure and occur at drug dosages tol-
erated by normal patients. The immune mechanisms leading to type B 
severe cutaneous adverse reactions to drugs (SCARs) are diverse and 
incompletely understood. Ongoing research is shedding some light on 
these diverse reaction patterns, but also generating new questions. While 
the human immune system functions as a seamless syncytium, the intel-
lectual compartmentalization of the immune system into various “arms” 
makes it easier to comprehend. Certain of these arms appear to predomi-
nate in the various types of SCARs noted clinically.  
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  Pharmacotoxilogic   •   Pharmacogenetic   •   Pharmacoepegenitic   •   Human 
leukocyte antigen (HLA)   •   Haplotypes   •   Hapten   •   Hapten independent 
model   •   Altered peptide repetoire model   •   Prohapten   •   T-cells   •   T-cell 
receptor (TCR)   •   Severe cutaneous adverse reactions (SCARs)   •   Adverse 
drug reactions (ADR)  

     Adverse drug reactions (ADRs) are divided into 
type A (pharmacotoxicologic) and type B (hyper-
sensitivity) reactions. Type B ADRs represent 
~10–15 % of all ADRs, and immune-mediated 

hypersensitivity drug reactions account for ~10 % 
of type B ADRs. These hypersensitivity reactions 
are reproducible with repeat drug exposure and 
occur at drug dosages tolerated by normal patients. 
The immune mechanisms leading to type B severe 
cutaneous adverse reactions to drugs (SCARs) are 
diverse and incompletely understood. Ongoing 
research is shedding some light on these diverse 
reaction patterns, but also generating new 
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 questions. While the human immune system func-
tions as a seamless syncytium, the intellectual 
compartmentalization of the immune system into 
various “arms” makes it easier to comprehend. 
Certain of these arms appear to predominate in 
the various types of SCARs noted clinically. 

 Both adaptive and innate aspects of the immune 
system may contribute to the development of 
SCARs. The classic Gel and Coombs delineation 
of delayed type hypersensitivity reactions high-
lights recognized mechanisms that lead to the 
development of different SCARs (Table  1.1 ).

   Genetic factors have long been recognized to 
have a strong contributory role, and with improve-
ments in genetic analysis, the mechanisms by 
which specifi c inherited polymorphisms contrib-
ute to specifi c SCARs are being clarifi ed. This 
has led to the development of the fi elds of phar-
macogenetics and pharmacogenomics. Further 
elucidation of these mechanisms may lead to 
the development of pharmacoepigenomics/phar-
macoepigenetics as better understanding of the 
effect of environmental factors on the genome 
leading to predisposition or resistance to SCARs 
is understood. Genetic factors infl uence the devel-
opment of SCARs in a variety of ways. Inherited 

variations in drug-metabolizing enzymes may 
increase the production of  immunogenic drug 
metabolites (variable metabolism by variants 
of cytochrome p450 enzymes or altered drug 
processing by variations in epoxide hydrolase). 
Additionally, specifi c haplotypes of human leu-
kocyte antigen (HLA), which play a primary role 
in T cell stimulation, have long been recognized 
to contribute to increased risk of SCARs. 

 Genetic factors, drug pharmacology, and 
immune responses interact in complex fashions 
to create the potential for SCARs. Better under-
standing of these interactions and how they lead 
to SCARs will lead not only to improved thera-
peutic interventions, but also allow pharmacoge-
nomic testing to preemptively assess patients for 
risk of reactions to specifi c drugs. 

    Models of Drug Allergy 
Development 

 Several models exist to explain how MHC- 
dependent T-cell stimulation by drugs develops, 
triggering the immune responses that leads to 
SCARs. 

   Table 1.1    Gel and Coombs Hypersensitivity reactions   

 Mediator  Mechanism(s)  Clinical phenotypes 

 Type I  Immediate  IgE  Ag binding to mast cell/
basophil surface receptors 

 Urticarial, anaphylaxis, 
angioedema 

 Type II  Antibody- 
mediated 
(cytotoxic) 

 IgM, IgG  Ab binds to Ag leading to 
complement driven cell lysis or 
cell-mediated cytotoxicity or 
recruitment of neutrophils/
monocytes 

 Goodpasture’s; ANCA 
vasculitis; drug-induced 
thrombocytopenia; 
hemolytic anemia 

 Type III  Immune complex  IgM, IgG, IgA  Ag-Ab complexes deposit in 
tissue – trigger recruitment of 
leukocytes and activation 

 Serum sickness reaction; 
Henoch-Schönlein purpura 

 Type IV  Delayed-type  T-lymphocytes  Activated T cells produce 
cytokines causing infl ammation 
leading to tissue effects or 
directly attack cells 

 Type IVa 
 Monocytic 

 Th1 CD4+: IFN-γ, 
TNF 

 IFN-γ stimulated KC and MC 
cytokine production 

 Allergic contact dermatitis 

 Type IVb 
 Eosinophilic 

 Th2 CD4+: IL-4, 
IL-5, IL-13 

 Th2 cytokines and eotaxin 
recruit eosinophils 

 DIHS 

 Type IVc 
 Cytotoxic T cells 

 Cytotoxic CD8+ 
or CD4+ T cells: 
IFN-γ; TNF 

 Activated cytotoxic T cells 
induce KC lysis 

 SJS/TEN 

 Type IVd 
 Neutrophilic 

 Th17 CD4+: 
IL-17, IL-22, IL-8 

 Th17 cell derived IL-17/IL-22 
stimulate KC secretion of IL-8 
leading to neutrophil recruitment 

 AGEP 

J.A. Dyer
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 The classic  hapten/prohapten model  pro-
poses that a small neutral molecule becomes 
immunogenic upon binding to a protein. There 
are various mechanisms by which this could 
develop; a small molecule binding to a high 
molecular weight protein then becomes immu-
nogenic. Prohapten molecules can become 
immunogenic after metabolism to intermediates 
that are reactive and can then bind to proteins. 
This allows presentation via HLA molecules to 
T cells and development of an immune response. 
After re- exposure, memory T cells proliferate, 
triggering an infl ammatory response over 
24–72 h. 

 A second mechanism is the  hapten indepen-
dent  ( p-i model ) where direct interaction of the 
drug with immune receptors occurs without a 
prior sensitization phase. The interaction is 
directly with T cell receptors or MHC molecules 
and can explain how some drugs trigger T cell 
activation without prior exposure. A fi nal con-
cept,  the altered peptide repertoire model , sug-
gests that an altered milieu of self-peptides is 
presented to or recognized by T cells due to drug 
binding in the antigen-binding cleft of certain 
HLA molecules thus triggering the immune 
response. This is exemplifi ed by abacavir, which 
appears to non-covalently bind in the F-pocket of 
HLA-B*5701 altering the shape of the cleft and 
the peptides that bind it. 

    Pharmacogenetics 

 An increased risk of SCARs in association with 
specifi c HLA types has long been recognized. 
Table  1.2  summarizes better-known associations 
and their representative populations.

   The recognition of these associations has led 
to pharmacogenetic screening for high-risk 
alleles. Examples include screening for HLA- 
B*5701 in patients to be treated with abacavir, 
and the drug should not be used in patients who 
carry HLA-B*5701. For allopurinol, screening 
for HLA-B*5801 is recommended in high-risk 
populations, such as those with Han Chinese or 
Thai descent. Genetic screening for the HLA- 
B*1502 allele in patients with Asian ancestry is 
recommended prior to starting carbamazepine 
and it should not be used if the allele is present. A 

variety of studies have demonstrated the cost 
effectiveness of screening for these known alleles 
in high-risk populations (Asia) and HLA-B 
screening is performed prior to initiation of aba-
cavir, allopurinol, and carbamazepine in 
Thailand. 

 Inherited variations in other systems impor-
tant to the immune response (8- TCR subtypes) 
or metabolism of drugs in the skin (skin spe-
cifi c metabolic enzymes) may also play predis-
posing roles in the development of SCARs. 
While most drug metabolism occurs in the liver 
with few metabolites reaching the skin, drug-
metabolizing enzymes do exist in the skin 
including some that are skin specifi c. While 
genetic variations in these enzymes and associ-
ated variation in risk of drug reactions has not 
been extensively studied it is an area of ongoing 
research. 

 A comprehensive review of basic immunol-
ogy is beyond the scope of this chapter, and spe-
cifi c types of SCARs will be reviewed later in 
this volume. However, several SCARs will be 
briefl y mentioned to highlight basic concepts in 
immunology leading to adverse reactions. The 
reader is referred to specifi c chapters for more 
detail on the clinical aspects and treatments of 
these conditions. 

    Stevens-Johnsons Syndrome/Toxic 
Epidermal Necrolysis (SJS-TEN) 
 Stevens-Johnsons syndrome/Toxic epidermal 
necrolysis (SJS-TEN) is one of the most feared 
SCARs. SJS/TEN is a type IVc hypersensitivity 
reaction where aberrant T cell activation triggers 
keratinocyte (KC) death and variable amounts of 
epidermal detachment. While specifi cs of this 
aberrant immune response in SJS/TEN are the 
subject of ongoing investigation, CD8+ cytotoxic 
T cells play a primary role. This is in contrast to 
the more common maculopapular drug 
 exanthems, which account for ~90 % of drug 
eruptions, where cytotoxic CD4+ T cells are 
implicated. For T cell degranulation to occur 
there must be direct contact between T cells and 
antigen presenting cells (APCs) and the T cell 
receptor (TCR) must recognize specifi c antigen 
(Ag) bound to MHC. Granulysin released from 
degranulating cytotoxic T cells is likely a key 
player in the clinical fi ndings of SJS/TEN. 

1 Immunology of Cutaneous Drug Eruptions
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Injection of granulysin into mice leads to clinical 
fi ndings identical to SJS/TEN. 

 Additionally, cell surface receptor Fas and Fas 
ligand (FasL) interaction can trigger KC apopto-
sis. Activated T cells and NK cells express FasL, 
however its expression can be induced in KCs. 
Soluble FasL may be produced by KC in response 
to T cell derived TNFα and IFN-γ. Blockage of 
Fas-FasL signaling with intravenous immuno-
globulin (IVIg) derived Fas-FasL blocking anti-
bodies has been proposed as a mechanism by 
which intravenous immunoglobulin (IVIg) works 
in SJS/TEN, however the role of IVIg in SJS/
TEN remains controversial. 

 As noted above and in Table  1.2 , genetic fac-
tors, such as HLA-B*1502 in Han Chinese, play 
an important role in predisposition toward SJS/
TEN. Recognition of these pharmacogenetic pre-
dispositions has led to the recommendation for 
pretreatment HLA testing in high-risk popula-
tions for abacavir, phenytoin, and carbamaze-
pine. The American College of Rheumatology 
now recommends HLA testing prior to allopuri-
nol therapy in high-risk populations. 

 More recent reports suggest that specifi c 
T-cell receptor subtypes may also play a role. In 
an attempt to explain why a small percentage of 
HLA-B*1502 carriers tolerate carbamazepine, 
investigators discovered an absence of a specifi c 
TCR subtype. Variations in other elements of the 
immune synapse, such as TCR, could explain 
lack of/or weaker associations of high-risk sub-
types such as HLA-B*1502 and carbamazepine- 
induced SJS/TEN (Fig.  1.1 ) in non-Han Chinese.  

 Variations in individual drug metabolism 
likely play a role as well. In patients who develop 
SJS/TEN from sulfa drugs (Fig.  1.2 ), there is an 
increased percentage of “slow acetylators” as 
compared to control populations. While the 
mechanism is not understood, slow acetylation 
appears to increase with poorly controlled HIV 
infection and could contribute to the increased 
incidence of drug reactions in that population.   

    Pustular Drug Reactions 
 Pustular drug reactions (such as acute general-
ized exanthematous pustulosis – AGEP) develop 
due to stimulation of specifi c immunologic 

 pathways, which lead to neutrophil recruitment 
and activation (Type IVd). Neutrophil recruit-
ment is regulated by Th17 immune responses via 
the production of IL-17. IL-17 and IL-22 stimu-
late KC to express IL-8, which is a strong 
recruiter for neutrophils. CD4+ T helper and 
CD8+ cytotoxic T cells are found in cutaneous 
infi ltrates of AGEP. Reports of rapid resolution of 
AGEP after treatment with TNFα blockers may 
validate the role of these pathways in develop-
ment of neutrophilic eruptions. AGEP exhibits 
clinical similarity to pustular psoriasis. Recently 
monogenic familial pustular psoriasis was asso-
ciated with mutations in IL-36 antagonist 
(IL-36Ra), which lead to increased signaling of 
the IL-36 pathway once activated. The role of 
IL-36 in AGEP is under investigation.  

  Fig. 1.1    Infl ammatory, erythematous, and papular der-
matitis over the anterior trunk caused by carbamazepine       

  Fig. 1.2    Generalized dermatitis over the trunk with ery-
thema and early erosions caused by sulfamethoxazole       
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    Drug-Induced Hypersensitivity 
Syndrome (DIHS) 
 DIHS is considered a type IVb hypersensitivity 
reaction where production of typical Th2 cyto-
kines such as IL-4, IL-13, and IL-5 (increased in 
early stages of DIHS) and increased expression 
of IL-5 and eotaxin in lesional skin leads to 
eosinophil recruitment. 

 However, the role of the eosinophil in the direct 
pathogenesis of DIHS is unclear. There are several 
features which set DIHS apart from other drug reac-
tion syndromes. While most drug eruptions start 
1–2 weeks after initiation of therapy, DIHS exhibits 
a delayed onset (3 weeks to 3 months after initiation 
of the causative drug). Paradoxical worsening is 
often noted 3–4 days after withdrawal of the offend-
ing drug. Additionally, there is a limited repertoire 
of drugs associated with the development of DIHS. 

 Genetic factors also play a role in risk of 
DIHS. The association of DIHS from the anti- 
HIV drug abacavir and HLA-B*5701 is well rec-
ognized, likely due to changes in the antigen 
binding groove of HLA-B*5701 resulting from 
binding of abacavir, leading to altered recogni-
tion of self antigens (see above). Similar fi ndings 
were noted with HLA-B*1502 in cases of DIHS 
with carbamazepine. 

 With more detailed study it is becoming clear 
that there is drug-specifi c heterogeneity in 
DIHS. Elevated eosinophils are commonly noted 
in cases triggered by carbamazepine, but are 
much less common when abacavir, dapsone, and 
lamotrigine are the culprits. Allopurinol is often 
associated with more prolonged disease courses, 
as well as renal involvement, but other common 
features of DIHS are rare when it is the causative 
agent. Thus DIHS is likely a spectrum of indi-
vidual Type IV (often b) hypersensitivity reac-
tions triggered by specifi c drugs with some 
exhibiting overlapping features. The role of viral 
reactivation in DIHS is discussed below.   

    Viral Reactivation and Drug 
Eruptions 

 The initial detection of human herpes virus 6 
(HHV-6) via PCR from blood samples of patients 

with DIHS in the 2–3 weeks after onset triggered 
further investigation into the role of viral reacti-
vation in adverse drug reactions.  

    Mechanisms of Viral/Immune 
Interaction Leading to Drug Allergy 

 After clearance of an initial viral infection (for 
example, HSV) from the skin, there is a small 
fraction of resident memory T cells that remain to 
protect peripheral tissue from reexposure to 
virus. These T RM  cells persist for at least 6 months 
after infection and express CD8, VLA-1, and 
CD103, which are important for epithelial local-
ization. They are distinct from central memory T 
cells as they exhibit low expression of CD62L 
and CD122 but high expression of CD69. They 
also exhibit a steady state crawling behavior 
between KC. This migratory dendritic behavior 
allows detection of antigen expressing target 
cells in minutes to hours. Skin resident CD8 + T RM  
cells are long-lived, non-circulating, and better 
than circulating T CM  cells at giving quick long- 
term protection against skin viral infection. They 
function to produce a “pathogen alert” for protec-
tion against further viral infection or prolifera-
tion. The TCR of T RM  cells functions almost like 
a toll-like receptor (TLR) on innate immune cells 
and T RM  cells may act as a bridge between adap-
tive and innate immune responses. 

 Recent studies examining the role of T RM  cells 
in fi xed drug eruption (FDE) has revealed 
increased numbers of T RM  cells in lesional skin. 
Recent mouse studies suggest heterologous viral 
infection of mice leads to a narrow oligoclonal T 
cell repertoire specifi c to highly cross-reactive 
epitopes of different viruses. One current 
 hypothesis suggests that drug antigens recog-
nized by these broadly cross-reactive cells, origi-
nally evolved to protect the skin from herpes 
viruses, triggers their activation, leading to kill-
ing of surrounding KC and the formation of the 
typical FDE. FDE shows similar histologic fea-
tures to more severe eruptions such as SJS/TEN, 
which leads to the question of why FDE is lim-
ited in scope relative to the more widespread 
eruptions. Recruitment of FoxP3+ regulatory T 
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