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Abstract——Cutaneous drug reactions are the most
frequently occurring adverse reactions to drugs.
Among hospitalized patients, the incidence of these
reactions ranges from 1 to 3%. The frequency of cuta-
neous reactions to specific drugs may exceed 10%.
These reactions may range from mildly discomforting
to those that are life-threatening. Anti-infective and
anticonvulsant agents are among the drugs most com-
monly associated with adverse reactions in the skin.
We describe and illustrate the clinical morphology of
the most common cutaneous drug reactions, as well as
drugs that most commonly precipitate specific reac-
tions. The varied nature of the reactions that do occur,
even with specific agents, indicates a multiplicity of
mechanisms available whereby cutaneous drug reac-

tions may be initiated. Although a variety of terms
have been proposed for categorizing cutaneous drug
reactions, we propose that reactions are best de-
fined based upon mechanisms, where known. In this
review, we assess the current knowledge of four cat-
egories of cutaneous drug reactions: immediate-type
immune-mediated reactions, delayed-type immune-
mediated reactions, photosensitivity reactions, and
autoimmune syndromes. Moreover, we describe evi-
dence that viral infection is an important predispos-
ing factor for the development of cutaneous drug
reactions upon drug administration. Finally, we re-
view the current knowledge of the type and mecha-
nisms of cutaneous drug reactions to several catego-
ries of drugs.

1 Address for correspondence: Dr. Craig K. Svensson, Department of Pharmaceutical Sciences, Wayne State University, Detroit, MI 48202.
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I. Epidemiology of Cutaneous Drug Reactions

Although the true incidence of adverse drug reactions
(ADRs?) is difficult to quantify, there is abundant evi-
dence that cutaneous drug reactions (CDRs) are among
the most frequent adverse events in patients receiving
drug therapy. In a study examining the incidence of
CDRs in spontaneous ADRs reported in Italy, over 30%
of all reported ADRs were cutaneous in nature (Naldi et
al., 1999). This is higher than other studies, where CDRs
comprise 10 to 20% of reported ADRs—still a substantial
fraction of all reactions (Stewart et al., 1979; Faich et al.,
1987; van der Linden et al., 1998). Differences in meth-
odology for data collection (e.g., spontaneous reporting
versus chart review) may explain the variability in re-
ported frequencies.

Among all hospitalized patients, the incidence of CDRs
has been found to range from 1 to 3% (Arndt and Jick,
1976; Stewart et al., 1979; Bigby et al., 1986). Numerous
risk factors, including infection with the human immuno-
deficiency virus (Battegay et al., 1989; Coopman and
Stern, 1991; Bayard et al., 1992; Spira et al., 1998; Gonza-
lez-Martin et al., 1999), infectious mononucleosis (Patel,
1967; Pullen et al., 1967; Nazareth et al., 1972; van der
Linden et al., 1998), female sex (Bigby et al., 1986; Naldi et
al., 1999; Fattinger et al., 2000), and age (Naldi et al., 1999;
Ibia et al., 2000), have been identified. The highest re-
ported frequency of CDRs has consistently been found to be
with antimicrobial agents, for which there is also limited
data regarding the incidence of CDRs in ambulatory pa-
tients. In a population of 13,679 Dutch patients who re-
ceived a prescription for an antimicrobial agent, the fre-
quency of CDRs was approximately 1% (van der Linden et
al., 1998). The most frequent reactions were observed in
patients receiving a trimethoprim-sulfonamide combina-
tion (2.1%), fluoroquinolones (1.6%), and penicillins (1.1%).
A higher frequency of CDRs (7.3%) was recently noted in
an ambulatory pediatric population receiving penicillins,
sulfonamides, or cephalosporins (Ibia et al., 2000). The
percentage of children receiving cefaclor, sulfonamides,
penicillins, or other cephalosporins who exhibited a rash
during treatment was 12.3, 8.5, 7.4, and 2.6%, respectively.
The odds ratio of development of a rash was higher in
children less than 3 years of age than other groups.

2 Abbreviations: ADR, adverse drug reaction; AHS, anticonvul-
sant hypersensitivity syndrome; AIDS, acquired immunodeficiency
syndrome; APC, antigen-presenting cells; CDR, cutaneous drug re-
action; COX-2, cyclooxygenase-2; CYP450, cytochrome P450; EM,
erythema multiforme; GSH, glutathione; HIV, human immunodefi-
ciency virus; HLA, human leukocyte antigen; HSP, heat shock pro-
tein; ICAM-1, intercellular adhesion molecule 1; IL, interleukin;
MHC, major histocompatibility complex; NSAID, nonsteroidal anti-
inflammatory drugs; PCP, Pneumocystis carinii pneumonia; SJS,
Stevens-Johnson syndrome; SMX, sulfamethoxazole; SMX-NOH,
sulfamethoxazole hydroxylamine; TCR, T-cell receptor; TCSA,
3,3',4' ,5-tetrachlorosalicylanilide; TEN, toxic epidermal necrolysis;
TMP, trimethoprim; TNF-«, tumor necrosis factor «; UVA, ultravi-
olet A; UVB, ultraviolet B.

Determination of the true incidence of CDRs is diffi-
cult due to imprecise diagnostic criteria. Causality as-
sessment varies among reported studies and is limited
by the ethical constraints of rechallenging patients with
a drug that may evoke a life-threatening or seriously
disabling reaction. As skin rashes can often occur in the
presence of bacterial or viral infection in the absence of
drug therapy, determination of causality in suspected
CDRs with antimicrobial agents is especially problem-
atic. Several studies have suggested that Bayesian ap-
proaches may serve as a useful aid in the differential
diagnosis of a suspected CDR, but there is no “gold
standard” against which to compare such methods for
accuracy (Kwok et al., 1994; Lanctot et al., 1994).

Based on the frequency of drug ingestion and the
incidence of CDRs for inpatients from the Boston Col-
laborative Drug Surveillance Program, Levenson and
colleagues (1991) estimated in 1991 that 2.25 million
patients in the United States experience CDRs each
year. As the frequency of drug ingestion has signifi-
cantly increased since that date, the anticipated number
of patients experiencing such reactions is considerably
higher than this previous estimate. Because it has re-
cently been estimated that between 5 and 9% of all
hospital costs are related to ADRs (Moore et al., 1998),
CDRs clearly represent a significant burden on the
health care system, in addition to being a frequent rea-
son for cessation of otherwise effective drug therapy in
patients.

II. Clinical Morphology of Cutaneous Drug
Reactions

A. Morbilliform Reactions

Morbilliform rashes are common CDRs characterized
by primary skin lesions of fine pink macules and papules
that may become confluent. Typically, lesions begin on
the trunk and pressure-bearing areas and progress sym-
metrically to cover large areas of the body (Fig. 1). Le-
sions usually begin within 1 to 2 weeks of starting a
medication and fade 1 to 2 weeks following cessation.

Histologic examination reveals a lymphocytic inter-
face dermatitis with vacuolar changes at the dermal-
epidermal junction and papillary dermal edema and eo-
sinophils. Dyskeratotic cells may be found along the
dermal-epidermal junction (Crowson and Magro, 1999).

Because CDRs, particularly morbilliform reactions,
are so common and because they may be seen with many
different classes of medications, identification of the
causative agent can be a significant challenge (Table 1)
(Breathnach, 1998; Crowson and Magro, 1999). Roujeau
and Stern (1994) describe several criteria that may be
helpful in defining a CDR: 1) other causes for the erup-
tion, such as viral exanthem, should be excluded; 2) a
temporal relationship between drug use and onset of the
rash should exist; 3) improvement should be noted fol-
lowing drug cessation; 4) reactivation upon rechallenge
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Fic. 1. Morbilliform eruption. The patient developed a pruritic ma-
culo-papular eruption on the torso after receiving trimethoprim-sulfame-
thoxazole.

of the drug should be noted; and 5) the cutaneous reac-
tion is known to be associated with the drug in question.
Drug Eruption Reference Manual (Litt, 1999) is an ex-
cellent source of detailed listings of the reported type
and frequency of eruptions associated with a particular
medication.

A careful history and research into the causative
agent will allow prompt withdrawal of the offending
agent and can prevent a patient from being falsely la-
beled with multiple drug allergies. There is some evi-
dence that certain individuals are more likely to develop
reactions to multiple medications, but a “multiple drug
allergy syndrome” has not been clearly established
(Gruchalla, 2000). The labeling of patients with multiple
drug allergies to antibiotics may be contributing to the
overuse of broad-spectrum antibiotics and increasing
drug resistance.

B. Urticaria

Urticaria is the second most common CDR (Table 1)
(Breathnach, 1998). The hallmark features of an urti-
carial eruption are the development of pink wheals on
the skin with accompanying pruritus. Angioedema is the
corresponding tissue reaction of urticaria occurring
deeper in the subcutaneous tissue. The clinical appear-
ance of drug-induced urticaria is indistinguishable from
urticaria attributable to other causes. The pruritic
wheals of urticaria arise as edematous plaques that may
range from red to flesh-colored to yellow (Fig. 2). Follic-
ular prominence may be increased as the hair follicles
are anchored deeply in the dermis below the tissue
edema. As lesions progress, a raised annular or serpig-
inous border with central clearing may be seen. As a
rule, single lesions last less than 24 h, although new
lesions may continue to arise. In contrast, angioedema is
characterized by deep, skin-colored swelling, most com-
monly of the lips or eyes, that may last for several days.

It may occur with urticarial lesions or arise indepen-
dently.

The histology of an urticarial drug reaction is indis-
tinguishable from that of urticaria from other causes.
Interstitial dermal edema with endothelial swelling is
present with variable infiltrate of lymphocytes, neutro-
phils, and eosinophils in the dermis.

Urticarial vasculitis is a distinct small-vessel vascu-
litic disease that should be differentiated from urticaria.
It is characterized by painful rather than pruritic urti-
carial skin lesions that persist for greater than 24 h and
usually resolve with postinflammatory pigmentation.
Systemic findings are also common and include arthritis
and abdominal or chest pain. Most cases of urticarial
vasculitis are idiopathic but it may be associated with
collagen vascular disease and viral infection (Odom et
al., 2000).

C. Fixed Drug Eruption

Fixed drug eruption represents a unique CDR pattern
characterized by skin lesion(s) that recur at the same
anatomic site(s) upon repeated exposures to an offend-
ing agent. Most commonly, the skin lesion is a dusky
erythematous macule and is usually found on the lips
and genitalia, although any skin or mucosal surface may
be involved. The skin lesions may be associated with a
burning sensation and may be present in multiple num-
bers or progress to the development of central vesicles
and bullae, particularly after the repeated use of an
agent (Fig. 3). The skin findings may be associated with
nonspecific constitutional symptoms, including fever,
malaise, nausea, and vomiting.

Fixed drug eruption usually occurs within hours of
administration of the offending agent. Most commonly
implicated are sulfa medications, barbiturates, and tet-
racycline, although many different medications have
been implicated (Table 1) (Crowson and Magro, 1999;
Stern and Wintroub, 1999). Certain medications also
appear to have a predilection for certain anatomic loca-
tions (e.g., tetracyclines: genitalia).

Histology demonstrates a mixed inflammatory infil-
trate of lymphocytes, neutrophils, and eosinophils at the
dermal-epidermal junction. The epidermis contains ne-
crotic keratinocytes. Melanin-containing macrophages
in the dermis and chronic epidermal changes including
acanthosis, hypergranulosis, and hyperkeratosis may be
seen in older lesions (Crowson and Magro, 1999).

The differential diagnosis of fixed drug eruption in-
cludes erythema multiforme (EM), as well as Stevens-
Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN), in cases of disseminated or bullous fixed drug
eruption. In contrast to fixed drug eruption, recurrent
lesions in EM tend not to recur in the sites of previous
involvement (Sowden and Smith, 1990). Unlike SJS and
TEN, mucous membrane involvement is not a consistent
finding in fixed drug eruption.
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TABLE 1
Drugs commonly associated with various CDR

MDE Urticaria FDE SJS/TEN
Allopurinol ACE inhibitors Allopurinol Allopurinol
Amphotericin B Aminoglycosides Barbiturates Amoxicillin
Barbiturates Azole antifungals Dapsone Ampicillin
Benzodiazepines Cephalosporins NSAIDs Barbiturates
Captopril Hydralazine Oral contraceptives Carbamazepine
Carbamazepine Narcotic analgesics Metronidazole Diclofenac
Gold NSAIDs Pseudoephedrine Nevirapine
Lithium Penicillin and its derivatives Sulfonamides Nitrofurantoin
NSAIDs Phenytoin Tetracycline Phenobarbital
Penicillin and its derivatives Quinidine Phenytoin
Phenothiazines Protamine Piroxicam
Phenytoin Salicylates Sulfonamides
Quinidine Sulfonamides
Sulfonamides Tetracyclines
Thiazides

ACE, angiotensin-converting enzyme; FDE, fixed drug eruption; MDE, morbilliform drug eruption.

Fic. 2. Acute generalized urticaria secondary to ampicillin. The pa-
tient was receiving the antibiotic to treat a urinary tract infection. De-
picted area is the anterior thigh.

Fixed drug eruptions resolve spontaneously without
scarring a few weeks after onset, usually with residual
postinflammatory pigmentation. A non-pigmenting vari-
ant of fixed drug eruption was described by Shelley and
Shelley (1987). In this variant, which is most common
following the use of pseudoephedrine, lesions resolve
spontaneously without evidence of postinflammatory
pigmentation.

A careful history of previous drug exposures and skin
lesions is integral in identification of the causative drug.

B

Fic. 3. Bullous fixed drug eruption due to pseudoephedrine. The pa-
tient presented with multiple oval erythematous patches following the
use of allergy sinus medication containing pseudoephedrine. The patient
had two previous episodes from different sympathomimetic medications.
Several of the larger patches contained intact flaccid bullae. Bullae for-
mation is uncommon in fixed drug eruption and may be confused with
other severe blistering drug reactions, including SJS and TEN.

Provocation testing with oral rechallenge of smaller
doses of the suspected agent is the best method to de-
termine with certainty the source of a fixed drug erup-
tion. In cases of bullous or disseminated fixed drug erup-
tion, however, oral challenge may be potentially
dangerous. Patch tests, scratch tests, and intracutane-
ous testing may be helpful if positive, but are less reli-
able means of testing. When possible, patch testing
should be performed at the site of previous eruption in
conjunction with a vehicle to aid in drug absorption (Lisi
and Stingeni, 1993).
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D. Erythema Multiforme/Stevens-Johnson Syndrome/
Toxic Epidermal Necrolysis

The spectrum of severe cutaneous reactions, EM, SJS,
and TEN, are the most feared of the CDRs. TEN occurs
exclusively as a result of drug exposure and mortality
reaches nearly 30%. An epidemiologic survey in France
from 1981 to 1985 of private dermatologists, hospital
dermatology, burn, intensive care, and infectious dis-
ease units estimated the prevalence of TEN to be 1.5
cases per million per year (Roujeau, 1987).

The prototypical lesion of EM is a targetoid dusky
erythematous patch, found predominantly on the ex-
tremities, although as the name implies, many different
morphologies may be observed. EM minor is attributable
nearly exclusively to herpetic or mycoplasma infection,
whereas EM major, considered by some to be synony-
mous with SJS, involves the mucous membranes and is
associated with drug exposure in approximately 50% of
cases. In SJS, bullae form on an erythematous base and
confluent areas of skin detachment may be present (Fig.
4). In contrast to EM minor, initial lesions of SJS tend to
occur on the face and trunk and are associated with a
“burning” sensation or pain, an ominous sign of an im-
pending severe reaction. At least two mucosal sites are
involved with SJS. TEN is the most severe form in this
reaction spectrum, occurring when large areas of skin
sloughing affect greater than 30% of the total body sur-
face area.

Constitutional symptoms are more common with
TEN, but both TEN and SJS patients may present with
fever that precedes the mucocutaneous eruption by 1 to
3 days (Roujeau and Stern, 1994). The mucocutaneous
findings of both SJS and TEN progress rapidly over
hours to days. Lesions of the gastrointestinal and respi-
ratory tract are not uncommon in these reactions, the
latter of which may be a significant source of mortality.
Conjunctival involvement may result in synechiae, per-

Fic. 4. Erythema multiforme major/Stevens-Johnson syndrome. This
HIV-infected patient developed desquamation of the oral mucosa follow-
ing administration of trimethoprim-sulfamethoxazole.

sistent photophobia, visual impairment, or complete
blindness (Roujeau and Stern, 1994).

Skin biopsy may be helpful in excluding other bullous
dermatoses. Some authors believe that EM due to non-
drug causes should be considered a distinct entity from
more severe drug-induced SJS and TEN. EM is charac-
terized by a dense dermal inflammatory cell infiltrate
and keratinocyte necrosis In contrast, TEN shows com-
plete epidermal necrosis and a sparse mononuclear cell
infiltrate (Paquet and Piérard, 1997).

If a severe cutaneous reaction is suspected, immediate
withdrawal of all potential offending agents is the most
effective mode of therapy. Patients with extensive in-
volvement should be cared for as a “burn patient” with
fluid resuscitation, infection control measures, and nu-
tritional support in a hospital burn-unit setting.

Antibiotics, particularly sulfonamides and penicillins,
are traditionally implicated in many cases of severe drug
reactions, but Roujeau’s (1987) survey of drug eruptions
in France from 1981 to 1985 found that NSAIDs had
emerged as the more common cause of TEN. This was
attributed in part to the availability of several new
NSAIDs after 1980 (Roujeau, 1987). A list of the agents
most frequently associated with SJS and TEN is given in
Table 1 (Chan et al., 1990; Roujeau et al., 1990, 1995).

Rechallenge with an offending agent may result in a
more severe phenotype and should not be performed
following a severe drug reaction (Roujeau and Stern,
1994). Although the onset of severe cutaneous eruptions
is typically one to three weeks after initiation of therapy,
it may be significantly shorter upon rechallenge. Patch
testing has been advocated in cases of severe CDR in-
volving multiple candidate drugs and in which the pa-
tient may require future treatment with one of the pos-
sible agents (Gebhardt and Wollina, 1997). Difficulties
arise in terms of finding an appropriate preparation of
the drug suitable for patch testing and the potential risk
of eliciting a severe adverse reaction.

ITII. Mechanisms of Cutaneous Drug Reactions

Being among the most frequent adverse reactions to
drugs, cutaneous reactions represent common ground
when it comes to patients being labeled as “allergic” to
an offending (real or presumed) agent. This label, how-
ever, fails to differentiate between the many mecha-
nisms by which drugs can elicit adverse reactions man-
ifested in the skin; some of which may not be immune-
mediated. An understanding of the various mechanisms
of CDRs is essential for the identification of predisposing
factors, likelihood of cross-reactivity, expected time
course, and advisability of subsequent or continued ther-
apy with the offending or related agents.

The proper terminology for reactions to drugs that are
believed to be immune-mediated is an area of debate.
Immunologists frequently define the term allergy as
“disease mediated by the immune system to an other-
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wise innocuous agent”. Although this definition may
well describe the reaction to foodstuffs and environmen-
tal allergens, strict adherence to this definition would
exclude drugs since they are anything but innocuous.
Some object to the use of the term hypersensitivity for
such reactions, because it “invites confusion with other
kinds of adverse reactions” (Pratt, 1990). Moreover, a
patient who exhibits a pharmacologic response to a drug
(that is not rooted in an immune response) at a dose
considerably lower than that needed to elicit the same
response in the average individual, could properly be
described as “hypersensitive” to that drug. Recognizing
the ambiguity in the terminology frequently used for
such reactions, it is probably best to refer to these reac-
tions in general as idiosyncratic drug reactions. This
classification is particularly helpful because it describes
the unexpected and low incidence of these reactions
while recognizing that the mechanism of many such
reactions are still poorly understood. However, even this
term has limited usefulness. For example, can a reaction
that occurs in over 40% of a patient population (such as
a rash during sulfonamide treatment in patients with
AIDS) and is, therefore, not of low incidence, be accu-
rately called idiosyncratic? Hence, defining reactions
based upon mechanisms, where known, is a preferable
means of classification. Where evidence of an immune-
mediated response does exist, classification of reactions
as immediate-type immune-mediated or delayed-type
immune-mediated drug reactions will be used in this
review.

A. Immediate-Type Immune-Mediated Drug Reactions

Immediate-type immune-mediated (also referred to as
Type I hypersensitivity) reactions have been widely
studied and are mediated by IgE. As such, a sensitizing
exposure to the offending drug must occur prior to elic-
itation of an IgE response. The sensitizing period may
occur during a previous administration of the drug or
during the initial course of treatment, followed by elici-
tation as the drug regimen is continued. It is also im-
portant to recognize that sensitization may occur via
environmental exposure to agents with antigenic deter-
minants similar to those expressed by a drug or drug-
protein complex, which may subsequently elicit an im-
mediate-type immune-mediated reaction upon initial
exposure to the drug. For example, Baldo and Pharm
(1994) have demonstrated that sera in one patient with
an anaphylactic reaction to a commercial hair treatment
contained IgE, which reacted with neuromuscular block-
ing agents; a reaction that was inhibited by a quater-
nary ammonium derivative in the hair treatment prep-
aration. Moreover, this component in the commercial
preparation was able to inhibit the binding of d-tubocu-
rarine to IgE in the sera of three patients who previously
experienced life-threatening reactions to a neuromuscu-
lar blocker. Thus, failure to identify prior exposure to a
drug does not rule out the possibility of an immediate-

type immune-mediated drug reaction upon initiation of
therapy.

Unlike most antibody isotypes, IgE is primarily lo-
cated in tissues bound to mast cells. Immediate-type
immune-mediated reactions are elicited when an aller-
gen cross-links with preformed IgE on mast cells. This
binding results in the degranulation of mast cells, re-
sulting in the release of a variety of toxic mediators
(histamine, heparin), cytokines [interleukin (IL)-3, IL-4,
IL-5, tumor necrosis factor a« (TNFa)], lipid mediators
(leukotrienes C4 and D4, platelet-activating factor), and
enzymes (trypase, chymase, cathepsin G, carboxypepti-
dase) (Janeway et al., 1999). The descriptor, immediate-
type immune-mediated reaction, denotes the rapidity
with which the reaction develops, generally occurring in
two phases. The immediate phase can occur within sec-
onds of drug exposure and results from the rapid release
of toxic mediators, especially histamine, causing an in-
crease in vascular permeability and contraction of
smooth muscle. When provoked via systemic adminis-
tration, this results in a disseminated reaction known as
urticaria (or hives), which is manifested as large, red
and itchy welts on the skin. When precipitated by local
intradermal injection (as occurs in allergy testing or an
insect sting), the result is the classic wheal-and-flare
reaction. A late-phase reaction generally follows that is
mediated by the expression of cytokines and chemo-
kines, resulting in recruitment of a variety of inflamma-
tory cells, including eosinophils. This recruitment
causes a more widespread edematous reaction. Persis-
tence of antigen can result in a chronic inflammatory
condition.

An immediate-type immune-mediated reaction may
be associated with disseminated mast cell activation,
resulting in marked changes in vascular permeability,
epiglottal swelling, constriction of airways, and vascular
collapse. This syndrome is known as anaphylactic shock
and represents a life-threatening phenomenon, poten-
tially resulting in death within minutes.

The signals that initiate mast cell degranulation ap-
pear to necessitate the formation of antigen-antibody
complexes that result in the cross-linking of adjacent
IgE molecules (Baldo and Pharm, 1994; Janeway et al.,
1999). This would appear to exclude small molecules,
such as drugs, from eliciting such reactions. Because
clinical experience substantiates that small molecules
do in fact elicit such reactions, it was postulated that
linkage of the drug with an endogenous protein was
necessary to create the molecular size necessary for such
cross-linking. Although quaternary ammonium com-
pounds may represent an exception, numerous studies
have demonstrated the importance of hapten-protein
conjugate formation in the provocation of immediate-
type immune-mediated drug toxicity (Didier et al.,
1987).

The basis for our current understanding of the role of
hapten-protein conjugates in immune-mediated reac-
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tions to small molecules is derived largely from studies
on the mechanism of these reactions induced by penicil-
lin (Ahlstedt and Kristofferson, 1982). Penicillin is a
reactive compound that readily decomposes to form sev-
eral compounds that have been demonstrated to co-
valently bind to proteins and represent the primary
antigenic determinants of penicillin (Fig. 5). Of the pen-
icillin molecules that covalently bind to protein under
physiological conditions, 95% form penicilloyl groups
(Baldo, 1999). This forms the basis for the designation of
this as a “major” antigenic determinant, rather than
inherent immunogenicity. Sera from subjects who have
experienced an immediate-type reaction to penicillin ex-
hibit heterogeneity in the IgE antibody response to an-
tigenic determinants, supporting the presence of multi-
ple antigenic determinants (Harle and Baldo, 1990).
Conjugation most often occurs via amide linkage to the
side chain e-amino group on lysine residues, but may
also occur via other residues (e.g., tyrosine).

Differences among penicillin derivatives are based in
the side chain, often resulting in differences in reactiv-
ity. Antigenic recognition of the common gB-lactam ring
or thiazolidine rings by antibodies in a patient is indic-
ative of a high degree of cross-reactivity among the var-
ious penicillin derivatives. In contrast, side chain group
recognition will result in considerably less cross-reactiv-
ity (Fig. 6), meaning that those derivatives with dissim-
ilar side chains may not evoke an immune response in a
patient with a history of immediate-type immune-medi-
ated reaction toward one of the penicillins (Baldo et al.,
1995; Baldo, 1999).
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with permission.

B. Delayed-Type Immune-Mediated Drug Reactions

The clinical course of many CDRs suggests they are
delayed-type immune-mediated drug reactions. Growing
evidence indicates that T-cell recognition of drugs is a
critical step in the generation of these responses (Welt-
zien et al., 1996; Coleman and Blanca, 1998; Pichler et
al., 1998). T-cells possess clonally distributed receptors
(TCR) that recognize antigen on the cell surface when
presented by products of the major histocompatibility
complex (MHC) genes. This cell surface-dependent rec-
ognition is referred to as MHC-restricted antigen recog-
nition. CD4+ T-helper cells recognize antigen presented
by MHC Class II, while those antigens presented by
MHC Class I are recognized by CD8+ cytotoxic T-cells.

Evidence for the role of T-cell activation in CDR de-
rives from numerous studies wherein drug-specific T-
cell clones have been derived from the peripheral blood
of patients with a history of such reactions to amoxicil-
lin, carbamazepine, lidocaine, phenytoin, or SMX
(Mauri-Hellweg et al., 1995; Zanni et al., 1996, 1997;
Horton et al., 1998). Most of these drug-specific clones
express the af TCR type, although some clones have
been identified that express the yé TCR type (Zanni et
al., 1997; von Greyerz et al., 1999). Hertl et al. (1995)
have demonstrated that dermal T-cells isolated from
skin lesions in a patient with severe blistering exanthem
caused by trimethoprim-SMX (TMP-SMX) proliferated

2102 ‘ST aunc uo 1sanb Aq Bio'speuinofadseasiwreyd wolj papeojumoq


http://pharmrev.aspetjournals.org/

PHARM
REV

PHARMACOLOGICAL REVIEWS

aspet..

364 SVENSSON ET AL.

in response to SMX (but not TMP) in the presence of
autologous mononuclear cells (used as antigen-present-
ing cells, APC). Immunohistochemical studies have
demonstrated the infiltration of CD4+ and CD8+ T-
cells in drug-induced TEN (Leyva et al., 2000).

Because most drugs are of low molecular weight, their
recognition as antigens is believed to necessitate the
haptenation discussed previously. Few agents are chem-
ically reactive and able to covalently bind with proteins
and, thereby, directly act as haptens. Most drugs that
evoke a delayed-type immune-mediated reaction are be-
lieved to undergo bioactivation to generate haptens that
are recognized by sensitized lymphocytes (Merk et al.,
1997). Hence, many investigations have focused on the
role of bioactivation of causative agents to reactive me-
tabolites, which may in turn bind to critical macromol-
ecules and initiate the immune cascade that eventually
presents as a delayed-type immune-mediated CDR. Nu-
merous studies have demonstrated that several sulfon-
amides, as well as the sulfone dapsone, can undergo
biotransformation to form reactive N-hydroxylamine
metabolites (Rieder et al., 1988; Coleman et al., 1989;
Cribb and Spielberg, 1990a,b, 1992; Cribb et al., 1996b).
These studies indicate that the ability to detoxify these
reactive metabolites may be an important determinant
in the development of CDR. Interestingly, several stud-
ies have suggested that the in vitro cytotoxicity of these
hydroxylamines toward peripheral blood mononuclear
cells can predict predisposition to delayed-type immune-
mediated reactions toward sulfonamides (Shear et al.,
1986; Rieder et al., 1989; Carr et al., 1993b; Wolkenstein
et al., 1995b).

The anticonvulsants phenytoin and carbamazepine
(which are also among the highest CDR-producing
drugs) can also be metabolized by liver microsomes to
reactive metabolites that are cytotoxic and exhibit cova-
lent binding to macromolecules (Spielberg et al., 1981b;
Roy and Snodgrass, 1990; Pirmohamed et al., 1992;
Furst and Uetrecht, 1993; Castren et al., 1996). It has
also been demonstrated that lymphocytes isolated from
patients with a history of a CDR to phenytoin or car-
bamazepine incubated with parent drug and liver mi-
crosomes exhibit a higher cell death than lymphocytes
from patients without a history of such a reaction (Shear
and Spielberg, 1988; Wolkenstein et al., 1995b). This
suggests that a defect in detoxifying enzymes may be an
important predisposing factor for the development of
CDRs to anticonvulsants.

One question that arises from these observations is, how
can reactive metabolites generated in the liver survive
transit to the sites where delayed-type hypersensitivity is
manifested (most commonly, the skin)? It has been pro-
posed that circulating immune cells may catalyze the bio-
activation of these agents (Uetrecht, 1992; Furst and Ue-
trecht, 1993; Uetrecht et al., 1993). Indeed, activated
monocytes and neutrophils have been shown to convert
numerous CDR-evoking drugs to reactive metabolites

(Furst and Uetrecht, 1993, 1995; Uetrecht et al., 1993; Lai
et al., 1999). Using aniline as a model compound,
Wulferink et al. (2001) have demonstrated that prohap-
tens incubated with white bone marrow cells form neoan-
tigens that are recognized by T-cells. To date, however,
there is no explanation for why reactive metabolites gen-
erated in circulating immune cells would display the type
of specificity in reaction site that is reported with drugs
associated with these reactions. We have, therefore, devel-
oped a working hypothesis wherein events occurring in the
cutaneous environment are the primary factors initiating
these reactions (Reilly et al., 2000).

As shown in Fig. 7, it is proposed that bioactivation
occurs in or near keratinocytes. Wolkenstein et al.
(1998) have demonstrated that isoforms of cytochrome
P450 that form the reactive metabolite of carbamaz-
epine are present in the skin. In addition, we have
demonstrated that cultured human keratinocytes are
able to bioactivate SMX and dapsone to their respective
hydroxylamine metabolites (Reilly et al., 2000). More-
over, the well known photosensitivity of patients receiv-
ing numerous drugs that evoke a delayed-type immune-
mediated CDR suggests these drugs do reach the
cutaneous level after systemic administration (Selvaag,
1997; Vassileva et al., 1998; Epstein, 1999).

Long recognized for its importance in the structural
integrity of the skin, the epidermal keratinocyte is a key
cell in the initiation and propagation of cutaneous im-
mune reactions (Stoof et al., 1994; Nickoloff et al., 1995).
Keratinocyte-derived cytokines provide essential signals
for the migration of Langerhans cells, which are believed
to be the predominant APC in the skin (Cumberbatch et
al., 1994, 1997a,b, 1999; Cumberbatch and Kimber,
1995). Modulation of the expression of these keratino-
cyte-derived cytokines may, therefore, impact antigen
presentation and, ultimately, T-cell activation.

As shown in Fig. 7, we hypothesize three avenues that
may be important in the initiation of CDR after exposure
to reactive metabolites: 1) a direct cytotoxic effect, 2)
stimulation of danger signal(s) expression, and/or 3)
stimulation of adhesion/costimulatory molecule expres-
sion. Importantly, we have demonstrated that incuba-
tion of SMX, dapsone, or their respective hydroxylamine
metabolites, with normal human keratinocytes results
in the formation of drug/metabolite-protein adducts,
even in the absence of cytotoxicity (Reilly et al., 2000;
W. L. Wurster and C. K. Svensson, unpublished obser-
vations). Thus, antigen presentation may occur as the
result of cytotoxicity or in its absence. Since keratino-
cytes have been shown to express human leukocyte an-
tigen (HLA-DR) at inflammatory sites (Barbaud et al.,
1997), it is possible that these cells may serve as APC in
situations that predispose subjects to CDRs. Moreover,
keratinocytes have been demonstrated to express acces-
sory molecules that serve as important “second signals”
in the activation of T-cells (Nickoloff et al., 1993, 1995).

2102 ‘ST aunr uo 1sanb Aq Blo sjeuinohadse Asiwreyd woiy papeojumoq


http://pharmrev.aspetjournals.org/

PHARMACOLOGICAL REVIEWS v

aspet

CUTANEOUS DRUG REACTIONS 365

l Direct Cytotoxic Effect I

Cell Death
and/or

Macromolecule
Modification or
Adduct Formation

= Mmhome# ——————- a

Adduct

Release APC

e A\Ctivation
Antigen  (Langerhans
Memholitef Cells)

l

Migration o
Lymph Nodes

Danger Signal(s) Expression I

Cell Death/Stress

Metabolite

i

HSP
Surface Presentation

l

Lymphocyte
Activation/Infiltration

CYP450
I\C’%’g oxidative Adhesion/Costimulatory
stress Molecule Expression
Drug

CD80

CUTANEOUS
DRUG

ICAM-1 REACTION

Fic. 7. Working hypothesis for the mechanism of cutaneous drug reactions. Adapted from Reilly et al. (2000) with permission. CD80, B7.1

costimulatory molecule.

Binding of antigen to an antigen-specific receptor (i.e.,
TCR) is, in itself, insufficient to evoke an immune re-
sponse. Costimulatory signals are necessary to trigger
clonal activation and expansion of T-cells, and in their
absence, clonal inhibition and elimination occur (see
Figs. 8 and 9) (Goodnow, 1996; van Parijs and Abbas,
1998). The prevailing view has long been that exogenous
signals are essential in the control of this response, but
growing evidence indicates that endogenous signals may

Antigen Presenting Cell T Cell

CD80/86 CD28

Antigen

ICAM-1 ECDlla

Fic. 8. Antigen-presenting cell and T-cell interaction. Langerhans’
cells in the skin become potent APC due to the expression of critical
molecules such as class II MHC. They also increase their expression of
accessory molecules, such as ICAM-1, CD58, and CD80/86. These acces-
sory molecules allow T-cells to adhere to APC and also deliver “second
signals” to T-cells to amplify the APC-derived “first signal” (i.e., MHC
II-hapten complex). Adapted from Gaspari (1993) with permission.

be of equal or greater importance in some immune re-
sponses (Ibrahim et al., 1995; Matzinger and Fuchs,
1996; Matzinger, 1998). It has been suggested that dam-
aged or stressed cells release “danger (alarm) signals”
that activate local APC, resulting in antigen uptake,
migration to the draining lymph nodes, and up-regula-
tion of further stimulatory signals important for the
activation of T-cells. Indeed, resident dendritic cells may
serve as sentinel cells, responding to signals of cell
stress or “unnatural” cell death. The detection of these
events may be the primary determinant of the immune
system’s response to foreign elements. For example, nu-
merous experiments have demonstrated that resident
Langerhans cells in the skin acquire dendritic cell prop-
erties when exposed to cytokines such as granulocyte-
macrophage-colony stimulating factor, TNF-a and IL-13
(Lappin et al., 1996; Kimber et al., 1998). Injured cells
(e.g., keratinocytes) may serve as the primary source for
these cytokines. It has recently been suggested that
altered surface expression of heat shock proteins (HSP)
may serve as a primary signal of cell stress in response
to sublethal cell injury (Ibrahim et al., 1995; Matzinger
and Fuchs, 1996; Matzinger, 1998; Todryk et al., 2000).
It has also been suggested that y6 T-cells may serve a
critical function in the surveillance for damaged cells,
which are subsequently eliminated (Boismenu and Hav-
ran, 1997, 1998; Salerno and Dieli, 1998). Similar sig-
nals have been hypothesized to play a role in the re-
sponse to this cell type, especially HSP. Interestingly, it
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Fic. 9. Potential consequences of antigen presentation by APC. T-cell
activation by APC, such as Langerhans’ cells in the skin, requires two
signals. Antigen presentation on MHC II molecules (which represents
signal 1) in the absence of signal 2 results in clonal anergy and tolerance.
Presentation of antigen together with signal 2 results in T-cell activation
and proliferation, the liberation of lymphokines, and initiation of events
that manifest as a CDR. Endogenous signals (i.e., “danger” signals) from
stressed cells may induce the expression of CD80/86 on APC, thereby
providing the second signal for T-cell activation. Gray oval represents
antigen. Adapted from Gaspari (1993) with permission.

has been reported that both HSP27 and HSP70 were
expressed in the epidermis during severe drug eruption
(Nishioka et al., 1999). Thus, dysregulated cell death/
stress resulting from exposure to reactive metabolites
may result in important signals that stimulate APC
activation, including heat shock proteins and cytokines
that have been demonstrated to be important in Lang-
erhans’ cell migration.

T-cell activation by APC necessitates two signals (Fig.
9). The interaction of the antigen presented on major
histocompatibility complex and its cognate TCR pro-
vides the first signal (Martin and Weltzien, 1994). The
second signal arises from the interaction between a co-
stimulatory molecule and its specific receptor on the
T-cell surface. Langerhans’ cells (the primary APC in
the skin) express numerous costimulatory molecules,
including CD80 (B7.1) and CD86 (B7.2) (Gaspari, 1993;
Nickoloff and Turka, 1994). Importantly, we have re-
cently demonstrated that CD80 may be expressed in
normal human keratinocytes exposed to contact irri-
tants and allergens (Wakem et al., 2000). This suggests

the possibility that exposure of keratinocytes to reactive
metabolites may induce expression of CD80 and allow
these cells to provide the critical second signal for T-cell
activation.

Intercellular adhesion molecule-1 (ICAM-1; also
known as CD54) plays an important role in cell-cell-
mediated immune responses, including drawing cells to
the local enviroment (Boyd et al., 1988). Common sensi-
tizing agents, such as nickel, p-phenylenediamine, and
urushiol (the antigen in poison ivy) have been shown to
induce the expression of ICAM-1 in cultured human
keratinocytes (Griffiths and Nickoloff, 1989; Picardo et
al., 1992; Gueniche et al., 1994a,b). Other investigators
have provided evidence that this induction of ICAM-1 is
secondary to oxidative stress (Little et al., 1998; Camins
et al.,, 1999). Induction of ICAM-1 upon exposure to
reactive metabolites, which may in turn induce oxida-
tive stress, might be expected to enhance lymphocyte
infiltration, making it an important step in initiation of
these CDRs.

It should be noted that a new model for recognition of
small molecules by activated T-cells has recently been
proposed that is metabolism-independent and does not
require antigen processing (Horton et al., 1998; Pichler
et al., 1998; Zanni et al., 1998). It is postulated that
drugs may complex with preformed MHC-peptide com-
plexes already expressed on the cell surface. Incubation
of SMX or amoxicillin with glutaraldehyde-fixed APC
(which are unable to process antigen but can present
preprocessed antigen) results in the activation of drug-
specific T-cell clones. Because a washing step negated
the activation, it appears that the binding occurs in a
noncovalent fashion (Zanni et al., 1998). Although these
preliminary observations suggest an alternative path-
way for T-cell activation, the demonstration that metab-
olism and processing are not essential does not mean
they are not involved in the reactions. It remains to be
determined whether or not incubation with reactive me-
tabolites of the compounds would provoke a more pro-
found activation than that seen via incubation with the
parent drug. Moreover, the vast majority of evidence
indicates that such reactions do not occur in the absence
of reactive metabolite formation (Uetrecht, 1999). In
addition, if these reactions are mediated by nonreactive
SMX interacting with preformed MHC-peptide com-
plexes, it is difficult to understand why more patients
receiving the drug do not manifest CDR. Whether or not
a similar process can mediate sensitization remains to be
explored.

C. Photosensitivity Reactions

Photosensitivity is a general term used to describe
individuals that exhibit an increased incidence of ery-
thema upon exposure to ultraviolet radiation. This may
be manifested as an inflammatory reaction upon expo-
sure to normally harmless levels of electromagnetic ra-
diation or an exaggerated response to inflammation-
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inducing levels. Although photosensitivity can be
observed upon irradiation with visible light (e.g., por-
phyrins and some dyes), most of these reactions occur
upon exposure to radiation in the UV range; ultraviolet
A (UVA, 320 to 400 nm) or ultraviolet B (UVB, 290 to
320 nm). Because the ozone layer blocks ultraviolet C
(200 to 290 nm) radiation, chromophores absorbing in
this range do not pose a hazard for subjects exposed to
natural light. The majority of drugs that have been
reported to be associated with photosensitivity absorb in
the UVA region.

The initial step in any photosensitivity reaction is the
absorption of a photon. Thus, only those agents with an
absorption spectrum in the range of sunlight are associ-
ated with photosensitivity. The two primary forms of
drug-induced photosensitivity are phototoxicity and
photoallergy. Some drugs, such as several of the fluoro-
quinolones, may induce photosensitivity by both mech-
anisms (Tokura, 1998).

1. Phototoxicity. Phototoxic reactions are those in
which the photoactivated drug or photodegradation
products cause direct cellular damage. The reaction is
dependent upon the amount of the compound, level of
activating radiation, and the quantity of other chro-
mophores in the skin (e.g., epidermal keratins, melanin,
etc.) (Shimoda et al., 2000). For example, using data
from the French Pharmacovigilance System, Pierfitte et
al. (2000) found a strong correlation between UV irradi-
ation and the reporting rate of phototoxic reactions to
the fluoroquinolone, sparfloxacin. In fact, this is perhaps
the clearest demonstration of the relationship between
an environmental factor and an ADR. Under the right
conditions, all individuals exposed to the drug and sun-
light in adequate levels would be expected to manifest
photosensitivity.

The general mechanism of drug-induced phototoxicity
is outlined in Fig. 10. Absorption of UV light produces an
excited state drug or metabolite, which may in turn
follow one of two pathways that ultimately lead to pho-

Photosensitizing Drug or Metabolite

hy

Excited State Drug or Metabolite

conjugation with biomolecule molecular modification of

cellular components

Drug- or Metabolite-Adduct

Damage to critical cellular
with Cellular Macromolecule

components

release of erythrogenic mediators,

Phototoxic Response

FiG. 10. General scheme for the mechanism of phototoxic reactions.

tosensitization (Moore, 1998). The first pathway pro-
ceeds through the generation of a free radical. Evidence
for free radical photoproducts have been demonstrated
for several compounds, including naproxen and sulfame-
thoxazole, by electron paramagnetic resonance (EPR) or
photopolymerization of acrylamide (Moore and Chap-
puis, 1988; Zhou and Moore, 1997). Photoactivated SMX
is able to reduce cytochrome c in both deoxygenated and
oxygenated conditions, indicating the ability for direct
electron transfer from the free radical. Thus, following
free radical formation, the photoproduct may participate
in direct electron transfer or covalently bind to key cel-
lular components. Photoactivation of drugs that yield
adducts with macromolecules have been demonstrated
in vitro for several NSAIDs and fluoroquinolones (To-
kura, 1998; Moser et al., 2000a,b; Ohshima et al., 2000).

A second pathway by which a phototoxic compound
can lead to photosensitization is through the generation
of singlet oxygen, which in turn results in the oxidation
of biomolecules, damaging critical cellular components
and initiating the release of erythrogenic mediators. The
formation of singlet oxygen after photoactivation has
been demonstrated in vitro with SMX and several
NSAIDs (Moore and Chappuis, 1988; Moore et al., 1990;
Zhou and Moore, 1997). The signal that activates the
release of erythrogenic mediators has not been identi-
fied, although activation of protein kinase C and ty-
rosine kinase have been implicated (Shimoda and Kato,
1998).

2. Photoallergy. Drug-induced photoallergy exhibits
the characteristics of a delayed-type immune-mediated
reaction. These reactions only develop in sensitized in-
dividuals and appear to be cell-mediated. The earliest
evidence of an immune-mediated photosensitivity path-
way arose from studies with 3,3',4',5-tetrachlorosalicy-
lanilide (TCSA), an allergic contact photosensitizing
agent (Kochevar and Harber, 1977; Takigawa and Miya-
chi, 1982; Tokura et al., 1991). With exposure to UVA,
TCSA covalently couples to isolated protein and cells
(Kochevar and Harber, 1977; Tokura et al., 1991). T-cell-
mediated responses to TCSA-haptenated epidermal cells
have been demonstrated in vivo in the mouse.

The fluoroquinolone antimicrobial agents exemplify a
class of systemically administered compounds that ap-
pear to exhibit predominantly immune-mediated photo-
sensitivity (although sparfloxacin appears to be primar-
ily phototoxic) (Tokura, 1998). Exposure of a solution of
an 8-fluorene-substituted fluoroquinolone and albumin
to UVA gives rise to a fluoroquinolone-albumin adduct
(Tokura et al., 1996; Marutani et al., 1998). Moreover,
mice receiving an intraperitoneal injection of a fluoro-
quinolone and exposed to UVA exhibit epidermal cells
with fluoroquinolone-adducts (Tokura, 1998). This dem-
onstrates that systemically administered drug not only
reaches the skin but does so in quantities adequate to
undergo photoactivation and production of detectable
levels of drug-protein adduct. Using the murine ear

2102 ‘ST aunr uo 1sanb Aq Blo sjeuinohadse Asiwreyd woiy papeojumoq


http://pharmrev.aspetjournals.org/

PHARM
REV

PHARMACOLOGICAL REVIEWS

aspet

368 SVENSSON ET AL.

swelling test, Ohshima and associates (2000) have dem-
onstrated a delayed-type immune-mediated response to
the fluoroquinolone, fleroxacin. In addition, fleroxacin
photomodification of Langerhans’ cells could be demon-
strated in these animals. Further work by these inves-
tigators has demonstrated the presence of circulating
sensitized T-cells that react to fluoroquinolone-photo-
modified cells in patients with a history of photosensi-
tivity to several fluoroquinolones (Tokura et al., 1999).

D. Autoimmune Syndromes

Numerous drug-induced autoimmune diseases are ac-
companied by cutaneous manifestations. Among these
are pemphigus-like skin reactions. A common feature of
both idiopathic and drug-induced pemphigus is autoan-
tibodies against one or more keratinocyte cell-surface
molecules, including desmoglein I (Koulu et al., 1984;
Amagai et al., 1991; Kuechle et al., 1994a). Unlike the
case with idiopathic pemphigus, however, the severity of
the drug-induced form does not appear to correlate with
the level of circulating autoantibodies (O’Loughlin et al.,
1978; Kuechle et al., 1994a). The majority of drugs that
induce pemphigus-like skin reactions are sulfhydryl-
containing compounds, such as penicillamine and capto-
pril. These agents are capable of forming disulfide-link-
ages to sulfhydryl-containing cysteine residues on a
variety of peptides. This ability, however, does not by
itself explain the production of autoantibodies. For ex-
ample, Coleman and associates found that although in-
jection of D-penicillamine resulted in the formation of
plasma protein conjugates in vivo, no detectable anti-
body response was produced in rats; while a conjugate of
the drug with keyhole limpet hemocyanin readily in-
duced an immune response (Foster et al., 1987; Coleman
et al., 1988). Moreover, drug-induced pemphigus has
also been reported with the angiotensin-converting en-
zyme inhibitor enalapril, which is structurally similar to
captopril, but lacks the sulfhydryl moiety believed to
play a role in these reactions (see Fig. 11) (Kuechle et al.,
1994a). A direct effect of drugs on keratinocytes cannot
be ruled out as a possible mechanism for these reactions.

captopril
SH CHy; o
I
H,C—CH—C—N c—OH
0]
enalapril
(I)CHZCHa
O=C CHs (6]
Hy  Hy | o il
c—C—CH——N—CH—C—N c—oH
(6]

Fic. 11. Structures of captopril and enalapril.

Linear IgA bullous dermatosis is another autoimmune
disease that may be associated with drug ingestion. This
blistering disorder of the subepidermal region is charac-
terized by the linear deposition of IgA in the basement
membrane zone (Kuechle et al., 1994b). Drugs impli-
cated in this disorder include amiodarone, captopril,
diclofenac, phenytoin, and, most commonly, vancomycin
(Acostamadiedo et al., 1998; Klein and Callen, 2000).
Although little is known about the mechanism of this
disorder, two potential antigens have been identified; a
97-kDa protein in the lamina lucida and a 285-kDa
protein in the lamina lucida and sublamina densa re-
gions (Wojnarowska et al., 1991; Zone et al., 1998). How
drug ingestion may expose or provoke an antibody re-
sponse to critical antigenic determinants on these pro-
teins is unknown. Interestingly, there is evidence that
triggering events, such as infection, may be necessary to
initiate an immune response in this disorder (Thune et
al., 1984, Blickenstaff et al., 1988; Godfrey et al., 1990).
Thus, it is possible that drugs do not directly cause this
disease, but rather represent one of many possible trig-
gering factors for the idiopathic autoimmune disorder.

IV. Role of Viral Infection as a Predisposing
Factor for Cutaneous Drug Reactions

One of the most perplexing aspects of CDRs is their
highly variable nature. In general, only a small fraction
of patients who receive a drug will experience a CDR. In
addition, some patients who have exhibited a cutaneous
reaction that appears reasonably well linked to the sus-
pected drug receive that agent at a later date without
experiencing the same reaction (Bonfanti et al., 2000;
Carr et al., 1993a; Shafer et al., 1989). Is this because
the suspected drug was not the actual cause of the cu-
taneous reaction? Or could it be that other mitigating
factors were necessary for the reaction and those factors
were not present upon subsequent administration of the
drug? While many investigators have concentrated on
identification of innate predisposing factors in patients
exhibiting CDRs (e.g., pharmacogenetics), our growing
understanding of the multi-factorial nature of many dis-
eases suggests that the presence of transient phenome-
non concurrent with drug administration may be critical
in determining whether or not a patient exhibits an ADR
(Evans, 1982). One factor that appears to significantly
increase the risk of CDR is the presence of a viral infec-
tion (Haverkos et al., 1991; Levy, 1997).

Pullen et al. (1967) published a study examining the
incidence of drug rashes in 184 patients diagnosed with
infectious mononucleosis. Of the 121 patients who re-
ceived one or more antibiotic, 45% exhibited a skin rash,
whereas a rash occurred in only 16% of patients not
receiving an antibiotic. Rashes were most frequent
among patients receiving ampicillin, where 18 of 19
patients receiving the drug experienced an extensive
maculopapular, pruritic rash, often accompanied with
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fever. In contrast, only 2 of 17 patients treated with
tetracycline exhibited a rash. Patel (1967) reported on
the frequency of skin rash in patients with infectious
mononucleosis receiving no antibiotic, receiving ampicil-
lin, or receiving other antibiotics (including penicillin
and tetracycline). The frequency of skin rash was 9, 100,
and 14%, respectively. Similarly, in a series of patients
with cytomegalovirus infection, 4 of 5 patients receiving
ampicillin exhibited a rash, while only 2 of 23 patients
not receiving ampicillin had skin manifestations (Klem-
ola, 1970). This increased sensitivity to ampicillin in the
presence of viral infection was shown to be a transient
phenomenon in that only 2 of 20 patients experiencing
an ampicillin-induced rash during infectious mononucle-
osis exhibited a recurrent rash when receiving the drug
after resolution of the infection (Nazareth et al., 1972).
The incidence of CDRs among patients infected with
the human immunodeficiency virus (HIV) is also sub-
stantially increased compared with that found in pre-
sumed HIV-negative subjects (Coopman and Stern,
1991; Coopman et al., 1993). For example, the Boston
Collaborative Drug Surveillance Study found that the
incidence of CDR to TMP-SMX in hospitalized patients
was 3.3% (Bigby et al., 1986). The frequency of CDRs to
TMP-SMX in HIV-infected subjects is reported to be as
high as 40 to 60% (Medina et al., 1990; Blum et al., 1992;
Pertel and Hirschtick, 1994; Roudier et al., 1994). This
increased frequency of CDR does not appear to be sec-
ondary to the effects of Pneumocystis carinii pneumonia
(PCP) infection (the most common indication for the
drug in HIV-infected subjects) or the higher doses used
in the treatment of PCP. Kovacs et al. (1984) found that
CDRs to TMP-SMX in patients being treated for PCP
occurred in 10 of 34 HIV-infected patients, but in 0 of 15
patients with other immunosuppressive diseases. In
other studies where TMP-SMX has been used in immu-
nosuppressed patients (presumed to be HIV-negative),
CDRs have been extremely rare (Winston et al., 1980;
Sattler and Remington, 1981). Similarly, the incidence
of CDR during treatment with dapsone appears to be
higher in HIV-infected subjects (Medina et al., 1990;
Blum et al., 1992; Pertel and Hirschtick, 1994). Thiac-
etazone causes a CDR in 20 to 29% of HIV-infected
patients with tuberculosis, but only in 1 to 7% of HIV-
negative tuberculosis patients (Nunn et al., 1991;
Watkins et al., 1996). Other drugs have been noted to
cause an unusually high frequency of CDRs in HIV-
infected patients (see Table 2), although whether this
represents an “increased” incidence is unclear, since the
only indication for the agents is HIV-infection (Ho et al.,
1998; Anon, 2000; Centers for Disease Control, 2001).
By what mechanism(s) do viral infections increase the
predisposition to the development of CDRs? The work-
ing hypothesis that we have previously proposed pro-
vides a framework for understanding the potential role
of alterations in key immune mediators in predisposing
patients to these reactions (Fig. 7) (Reilly et al., 2000). It

TABLE 2
Incidence of cutaneous drug reactions in HIV-infected subjects®
Drugs Incidence
%

TMP-SMX

PCP therapy 27-64

PCP prophylaxis 3-34
Sulfadiazine 10-40
Dapsone

PCP therapy 17-53

PCP prophylaxis 5-10
Clindamycin 20-30
Thiacetazone 20-27
Nevirapine 20-30
Delavirdine 30
Aminopenicillins® 9

¢ Adapted from Carr (1997).
Aminopenicillins: amoxicillin, ampicillin, or amoxicillin-clavulanic acid.

is well known that immune responses in the skin are
highly regulated by cytokines and other inflammatory
mediators (Kimber et al., 1995; Kimber, 1996; Kimber
and Dearman, 1996). Viral and bacterial infections can
also result in the release of a variety of cytokines that
may up-regulate the expression of key immune-mediat-
ing molecules in keratinocytes and Langerhans’ cells.
For instance, it has also been demonstrated that cyclo-
oxygenase 2 (COX-2) is up-regulated in keratinocytes in
an inflammatory response (Lotfin and Eling, 1996;
Maldve and Fischer, 1996; Buckman et al., 1998). If
COX-2 contributes to the bioactivation of arylamines
and other compounds as some studies have suggested
(Liu and Levy, 1998; Goebel et al., 1999), an inflamma-
tory response would increase the formation of reactive
metabolites in the keratinocyte. Other xenobiotic-me-
tabolizing enzymes have been shown to be either up- or
down-regulated in other cells upon exposure to pro-in-
flammatory cytokines (Morgan, 1997, 2001). In addition,
we have shown that glutathione content is a critical
factor in determining the susceptibility of keratinocytes
to the hydroxylamine metabolite of SMX (Reilly et al.,
2000). This observation is significant in that the pro-
inflammatory cytokines TNF-«a and IL-18 induce a vari-
ety of biochemical responses in cells, including decreases
in glutathione (Singh et al., 1998). Interestingly, TNF-«
is substantially increased in the epidermis of patients
with severe CDR (Barbaud et al., 1997). Thus, by their
multiple immunological and biochemical effects, viral
infections may “prime” the cutaneous environment for a
response to agents that result in a CDR.

V. Cutaneous Drug Reactions Associated with
Selected Drugs

A. Sulfonamides

The incidence of CDR in patients receiving TMP-SMX
is higher than for any other drug (Naldi et al., 1999). As
the most widely used sulfonamide preparation, it is not
surprising that most reported sulfonamide-related
CDRs involve this combination. Although it is believed
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that the SMX component is responsible for most reac-
tions, CDR in patients receiving trimethoprim mono-
therapy have also been reported (Das et al., 1988;
Nwokolo et al., 1988). As described previously, the fre-
quency of TMP-SMX-associated CDR is substantially
increased in HIV-infected subjects (Medina et al., 1990;
Blum et al., 1992; Pertel and Hirschtick, 1994; Roudier
et al., 1994).

Sulfonamides have been reported to cause a wide
range of skin reactions, including erythema multiforme,
erythema nodosum, photosensitivity, TEN, and urticar-
ial rashes (Cribb et al., 1996a). The mechanism and time
course of these reactions varies considerably. Episodes
of urticarial rash, generally not accompanied by fever,
can occur within the first 3 days of therapy with a
sulfonamide. Although anaphylaxis may not accompany
the initial CDR, re-exposure can provoke this life-threat-
ening reaction. These reactions appear to be immediate-
type immune-mediated reactions that are associated
with the presence of IgE antibodies toward the sulfon-
amide (Carrington et al., 1987; Harle et al., 1988;
Gruchalla and Sullivan, 1991). Binding specificity stud-
ies suggest the 5-methyl-3-isoxazolyl group on SMX is a
key component in antibody recognition (Harle et al.,
1988). In vitro cross-reactivity with a variety of sulfon-
amides suggests such reactions may occur across a spec-
trum of sulfonamides in a given patient. The response to
skin testing is variable and does not appear to identify a
significant portion of patients with a positive history of
urticarial CDR to sulfonamides (Leftwich, 1944;
Gruchalla and Sullivan, 1991).

Sulfonamides also induce a delayed-type reaction that
appears to be immune-mediated. These reactions are
generally manifested 7 to 14 days after the initiation of
therapy with the sulfonamide and most commonly
present as fever, together with a morbilliform or macu-
lopapular, non-urticarial skin rash. Patients may also
progress to SJS or TEN. The incidence of these severe
cutaneous reactions with sulfonamides is estimated to
be between 1:1000 and 1:100,000 (Chan et al., 1990;
Roujeau and Stern, 1994). In addition to CDRs, sulfon-
amides have been associated with a multiorgan syn-
drome, most frequently involving fever, rash, eosino-
philia, and hepatotoxicity, which develops after a week
or more of therapy (Dujovne et al.,, 1967; Berg and
Daniel, 1987; Rieder et al., 1989). The incidence of this
multiorgan syndrome appears to be less than 0.1%
(Cribb et al., 1996a).

The ability to demonstrate drug-specific activated T-
cell clones in patients exhibiting these delayed-type re-
actions supports the contention that they are immune-
mediated (Warrington et al., 1983; Kalish et al., 1994,
Hertl et al., 1995; Mauri-Hellweg et al., 1995; Schnyder
et al., 1997, 1998; von Greyerz et al., 1999). Such clones
are, however, at low frequency and not detectable in all
patients with these delayed-type reactions.

Numerous lines of evidence suggest the need for bio-
activation of the sulfonamide prior to initiation of a
CDR. Figure 12 illustrates the proposed bioactivation-
dependent mechanism for SMX-induced delayed-type
immune-mediated reactions. The first evidence of the
importance of metabolism as a predisposing factor for
these reactions was provided by Shear et al. (1986), who
found that six of six children who experienced serious
reactions (CDR plus systemic organ involvement) to a
sulfonamide exhibited the slow acetylator phenotype. In
contrast, a cohort of control subjects exhibited a fre-
quency of slow acetylators of 56%. Moreover, lympho-
cytes from these patients exposed in vitro to several
sulfonamides plus murine liver microsomes exhibited a
higher percentage of cell death than lymphocytes from
control subjects (Shear et al., 1986). These data suggest
that subjects with a delayed-type immune-mediated re-
action to sulfonamides may have a defect that reduces
their ability to detoxify reactive sulfonamide metabo-
lites. It also suggests that patients with the slow acety-
lator phenotype may be at greater risk of such reactions
because they are presumed to bioactivate a larger frac-
tion of the administered dose via cytochromes P450.
Subsequent studies have confirmed this latter observa-
tion in patients experiencing a sulfonamide-induced de-
layed-type immune-mediated reaction (Rieder et al.,
1988; Wolkenstein et al., 1995b). Moreover, it has been
demonstrated that humans metabolize SMX to a hy-
droxylamine metabolite that exerts a cytotoxic effect on
peripheral blood mononuclear cells that is more exten-
sive in patients with a history of such reactions (Rieder
et al., 1988; Cribb and Spielberg, 1992; van der Ven et
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al., 1994). The nature of the detoxification defect re-
mains to be identified, but preliminary studies do not
support early suggestions that deficiency in glutathione
S-transferase is responsible (Riley et al., 1991).

Once formed, the hydroxylamine metabolite of SMX
(SMX-NOH) undergoes a series of enzymatic and non-
enzymatic reactions that bear significantly on its toxic-
ity (Fig. 13). Evidence suggests that nitroso-SMX may be
the proximate toxin responsible for cell death and cova-
lent binding (Cribb et al., 1991, 1996b; Rieder et al.,
1995). Acetylation, reaction with GSH, or reduction back
to the hydroxylamine have all been shown to reduce the
covalent binding of nitroso-SMX in vitro (Cribb et al.,
1991, 1996b).

Several studies have confirmed the role of the slow
acetylator phenotype or genotype as a predisposing fac-
tor in the development of sulfonamide-induced CDRs
(Rieder et al., 1991; Wolkenstein et al., 1995a; Zielinska
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Fic. 13. Formation and disposition of sulfamethoxazole hydroxyl-
amine. Acetylation of SMX-NOH results in the formation of acetoxy-SMX,
which is rapidly converted back to SMX-NOH by an unknown enzymatic
process. The major product of the reaction of nitroso-SMX with GSH is
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ferase; PGH, prostaglandin H; ??, unknown enzymatic pathway. Adapted
from Cribb et al. (1996a).

et al., 1998). These observations are somewhat perplex-
ing, since the slow acetylator phenotype reflects a reduc-
tion in N-acetyltransferase 2 (NAT2), whereas NAT1
appears to be the primary determinant of SMX acetyla-
tion (Cribb et al., 1993). This apparent discrepancy may
be explained by the in vitro observations that NAT2 is
able to acetylate SMX-NOH, as well as reduce its cova-
lent binding to protein (Nakamura et al., 1995; Cribb et
al., 1996b). Thus, NAT2 may play an important role in
the detoxification of SMX-NOH formed in vivo.

The ability of reactive metabolites of sulfonamides to
bind covalently to proteins in vitro suggests that bioac-
tivation may lead to the formation of metabolite-protein
conjugates in vivo. Indeed, it has been reported that
some patients receiving SMX or TMP-SMX have detect-
able SMX-protein conjugates circulating in their sera
(Meekins et al., 1994; Gruchalla et al., 1998). However,
these drug-protein conjugates have been detected in pa-
tients with and those without a history of CDR to SMX,
and appear to be present in ~50% of subjects receiving
the drug. The relation of such conjugates to SMX-in-
duced CDR is, therefore, unclear. Cribb et al. (1997)
determined whether or not patients with a history of
delayed-type immune-mediated reaction to sulfon-
amides had antibodies recognizing SMX-rat liver micro-
somal protein conjugates and/or native rat liver micro-
somal protein. Seventeen of 21 patients exhibited
antibodies recognizing one or more native microsomal
proteins, whereas only one subject had antibodies that
recognized SMX-protein conjugates. These results sug-
gest that these reactions are associated with antibodies
that recognize specific microsomal protein epitopes
rather than drug-protein conjugates. Similarly, in an
analysis of AIDS patients with and without a history of
TMP-SMX-induced CDR, we found no subject that dem-
onstrated serum antibodies that recognized an SMX-
albumin conjugate (T. P. Reilly and C. K. Svensson,
unpublished observations).

While the incidence of a delayed-type immune-medi-
ated reaction is markedly increased in HIV-infected sub-
jects, evidence suggests there may be some important
differences in the nature and predisposing factors for
these reactions in this patient population. First, the
fever and general exanthema manifested in many HIV-
infected subjects upon treatment with TMP-SMX ap-
pear self-limiting, despite continued administration of
the drug (Coopman and Stern, 1991; Roudier et al.,
1994). Second, the incidence of CDR in this patient pop-
ulation appears to be dose-dependent (Schneider et al.,
1995). Third, although numerous investigators have re-
ported elaborate “desensitization” protocols (Papakon-
stantinou et al., 1988; White et al., 1989; Gluckenstein
and Ruskin, 1995; Caumes et al., 1997; Demoly et al.,
1998; Yoshizawa et al., 2000), the majority of patients
experiencing a mild rash appear to tolerate re-challenge
with TMP-SMX without recurrence of the CDR (Shafer
et al., 1989; Carr et al., 1993a; Bonfanti et al., 2000). It

2102 ‘ST aunc uo 1sanb Aq Bio'speuinofadseasiwreyd wolj papeojumoq


http://pharmrev.aspetjournals.org/

PHARM
REV

PHARMACOLOGICAL REVIEWS

aspet..

372 SVENSSON ET AL.

should be noted, however, that HIV-infected patients
re-challenged with TMP-SMX have experienced serious
and life-threatening reactions (Carr et al., 1993a; Coop-
man et al., 1993; Sanwo et al., 1996). Thus, re-challenge
with a sulfonamide, even in the HIV-infected popula-
tion, should only be undertaken in the absence of other
therapeutic options and should occur under close medi-
cal supervision.

As described, the role of metabolic alterations as a
predisposing factor in sulfonamide CDR has been dem-
onstrated by several investigators in patients presumed
to be HIV-negative (Shear et al., 1986; Rieder et al.,
1988; Wolkenstein et al., 1995b). The results of similar
investigations in the HIV-positive population have met
with mixed results. Although Carr et al. (1993b) re-
ported that the in vitro cytotoxicity of SMX-NOH was
greater in HIV-infected patients with a history of CDR
to TMP-SMX, we have provided evidence that suggests
in vitro cytotoxicity is not a specific or sensitive marker
for sulfonamide-induced CDR in HIV-infected patients
(Reilly et al., 1999).

Numerous studies have demonstrated that the per-
centage of HIV-infected patients with a history of sul-
fonamide-induced CDR that exhibit the slow acetylator
phenotype is greater than that found in patients with no
history of CDRs (Kaufmann et al., 1996; Smith et al.,
1998; Quirino et al., 1999). One group of investigators
found no increase in the percentage of patients with the
slow acetylator genotype among those who had experi-
enced a sulfonamide-induced CDR (Delomenie et al.,
1994). We recently compared the acetylator phenotype
and genotype in a group of HIV-infected patients with
and without a history of hypersensitivity to TMP-SMX.
Of the subjects with a history of CDR, 64% displayed the
slow acetylator genotype, compared with 29% without
such a history (W. M. O'Neil, R. D. MacArthur, M. J.
Farrough, M. A. Doll, A. J. Fretland, D. W. Hein, L. R.
Crane, and C. K. Svensson, unpublished data). Lee et al.
(1993) found that 27 of 29 (93%) AIDS patients with
acute illness, but without an apparent history of CDR to
sulfonamides, exhibited the slow acetylator phenotype,
compared with 18 of 29 (64%) control patients. As the
percentage of slow acetylators among stable AIDS pa-
tients did not differ from control subjects, these data
suggested that acute illness in AIDS patients may re-
duce acetylation capacity. We, however, found no differ-
ence in the frequency of slow acetylators in AIDS pa-
tients with acute illness versus stable AIDS patients or
control subjects (O’Neil et al., 2000). Moreover, we found
no difference in the acetylator phenotype of subjects
whose phenotype was determined during and after res-
olution of an opportunistic infection. Thus, it does not
appear that patients with a CDR to sulfonamides exhibit
a higher frequency of the slow acetylator phenotype as a
consequence of disease-induced metabolic alterations.

Thus, investigations over the past decade have in-
creased our understanding of the mechanisms involved

in sulfonamide-induced CDR. Although substantial evi-
dence points to the importance of bioactivation of the
parent arylamine, the role this process plays in predis-
posing subjects to CDRs remains unclear. Reasonable
evidence indicates that T-cell activation is an essential
step in the development of the most common reactions to
this class of drugs. There is, however, much more that
remains to be elucidated regarding the events that ini-
tiate an immune response during drug administration.

B. Anticonvulsants

In 1934, Silber and Epstein reported a treatment that
would, by most of today’s clinicians, seem somewhat
bizarre (Silber and Epstein, 1934). The investigators
administered phenytoin (then known as phenylethylhy-
dantoin) with the intent of evoking a hypersensitivity
syndrome to treat Sydenham’s chorea. It is now recog-
nized that the anticonvulsant hypersensitivity syndrome
(AHS) represents a potentially life-threatening reaction
to a number of anticonvulsants, including phenytoin,
carbamazepine, and phenobarbital. This syndrome is
characterized by fever, generalized rash, and lymphad-
enopathy, but may present with other systemic compli-
cations (De Vriese et al., 1995; Vittorio and Muglia,
1995). The incidence is this syndrome is estimated to be
between 1:1000 and 1:10,000 exposures (Gennis et al.,
1991; Tennis and Stern, 1997). However, an isolated
rash to anticonvulsants may occur in as many as 3 to
20% of patients receiving the drug (Chadwick et al.,
1984; Zakrzewska and Ivanyi, 1988; Pelekanos et al.,
1991; Konishi et al., 1993).

The majority of investigations into the AHS have fo-
cused on phenytoin. The most frequent clinical findings
in phenytoin-induced AHS are rash (93%), fever (93%),
lymphadenopathy (70%), hepatomegaly (57%), jaundice
(43%), and periorbital/facial edema (23%) (Smythe and
Umstead, 1989). The majority of cases reported occurred
within 6 weeks of initiating therapy with the drug. The
incidence of this syndrome does not appear to be related
to age or phenytoin dose. As fever, rash, lymphadenop-
athy, and eosinophilia are commonly present, the reac-
tion appears to be immune-mediated. The identification
of drug-specific activated T-cell clones from peripheral
blood of patients with the syndrome suggests the in-
volvement of T-cell activation in mediating these reac-
tions (Maria et al., 1994; Mauri-Hellweg et al., 1995;
Maria and Victorino, 1997).

As with most CDRs, it has been postulated that bio-
activation of phenytoin was necessary to initiate the
cascade of events leading to a CDR or AHS. Spielberg et
al. (1981b) demonstrated that bioactivation of phenytoin
resulted in cytotoxicity toward human lymphocytes,
which was enhanced by the inhibition of epoxide hydro-
lase. Subsequently, incubation of lymphocytes from pa-
tients with phenytoin-induced AHS with phenytoin and
a bioactivation system was found to result in more cell
death than in lymphocytes from control subjects (Spiel-
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berg et al., 1981a). Cells from siblings of patients with
phenytoin-induced AHS also displayed a higher than
normal sensitivity to phenytoin metabolites (Spielberg
et al., 1981a; Gennis et al., 1991). This led to the sug-
gestion that a familial deficiency in epoxide hydrolase
predisposed subjects to development of the AHS. How-
ever, in subsequent studies no mutation in the gene for
epoxide hydrolase has been found to be associated with
this syndrome (Gaidigk et al., 1994; Green et al., 1995).

CDRs also represent the most frequent adverse effect
with carbamazepine administration (Askmark and
Wiholm, 1990). The median duration of therapy prior to
development of a skin rash appears to be 1 month (Puig
et al., 1996; Troost et al., 1996). Reported skin reactions
include maculopapular, urticarial, erythematous, exfoli-
ative, and eczematous-type reactions, as well as TEN
(Friedmann et al., 1994). In an assessment of 65 cases of
carbamazepine CDR, 23% of patients exhibited accom-
panying systemic manifestations (Troost et al., 1996).
T-cell clones that proliferate in the presence of carbam-
azepine or one of its metabolites have been isolated from
peripheral blood of patients with isolated cutaneous re-
actions or the anticonvulsant hypersensitivity syndrome
(Troost et al., 1996). These observations support a role
for a T-cell-mediated response in the elicitation of these
reactions as well. As with other anticonvulsants, it has
been suggested that liver bioactivation via an arene
oxide is a critical step in the initiation of these reactions
(Riley et al., 1989; Pirmohamed et al., 1992). It has been
reported that bioactivated carbamazepine causes a
higher incidence of cell death in vitro in peripheral blood
mononuclear cells from patients with a history of CDR to
the drug than from subjects with no such history (Pir-
mohamed et al., 1991; Friedmann et al., 1994). Recently,
it has been suggested that a reactive iminoquinone in-
termediate, potentially formed in circulating immune
cells, may be a more likely candidate for the active
species initiating the adverse reactions (Ju and Uetre-
cht, 1999). As described earlier, such postulates suffer
from the common deficiency of why reactive metabolite
formed distant from the skin would evoke skin reactions
as the most common manifestation. This may be re-
solved by the observation that cytochrome P450s that
bioactivate carbamazepine have also been identified in
human epidermis (Wolkenstein et al., 1998), the site of
CDR manifestations.

Lamotrigine is another anticonvulsant associated
with a significant frequency of CDR (=10%), including
TEN (Iannetti et al., 1998; Page et al., 1998; Schlienger
et al., 1998; Faught et al., 1999). Based upon postmar-
keting data, the frequency of SJS or TEN is estimated to
be 1:1000 and 3:1000 for adults and children, respec-
tively (Page et al., 1998). The likelihood of TEN appears
increased in the presence of concomitant therapy with
valproic acid. Since valproic acid inhibits the metabo-
lism of lamotrigine, this suggests the CDR may be se-
rum-concentration-dependent (Yuen et al., 1992).

C. Nonsteroidal Anti-Inflammatory Drugs

NSAIDs are a commonly used class of over-the-
counter and prescription medications, and therefore, iso-
lating an NSAID as the causative factor of a drug erup-
tion can be a clinical challenge. Alanko et al. (1989)
found NSAIDs to be the causative agent in 27% of all
adverse drug eruptions. Most cutaneous reactions of this
class are mild and include pruritus, urticaria, morbilli-
form rashes, and pseudoporphyria (Table 3) (Bighy and
Stern, 1985; Roth et al., 1989). Rarely, more severe
reactions including SJS and TEN may occur.

Urticaria is the most common cutaneous adverse re-
action of aspirin. It has been implicated in 10% of cases
of acute urticaria and may cause worsening of chronic
urticaria (Roth et al., 1989). NSAIDs other than salicy-
lates may also cause urticaria, particularly in patients
who have experienced a previous urticarial reaction to
aspirin.

Pseudoporphyria has been reported in association
with several of the newer NSAIDs, including naproxen,
nabumetone, and ketoprofen (Green and Manders,
2001). The skin lesions may be indistinguishable from
porphyria cutanea tarda, but in pseudoporphyria there
is no detectable abnormality in porphyrin metabolism.
Skin lesions occur as small vesicles and bullae at areas
of sun exposure, particularly the dorsal hands, and may
heal with scarring and milia formation. The photodistri-
bution of skin lesions suggests that either the drug or its
metabolite causes a phototoxic reaction following expo-
sure to long wavelength ultraviolet light (320—400 nm).
Unlike true porphyria cutanea tarda, associated find-
ings in pseudoporphyria, including hypertrichosis, hy-
perpigmentation, and sclerodermoid changes, are un-
common (Green and Manders, 2001).

TABLE 3
CDR reported to be associated with various drugs

NSAIDs Antiretrovirals

Cephalosporins

Amoxicillin/Ampicillin

Fixed drug eruptions Acne

Lichenoid eruption Lipodystrophy Exfoliative dermatitis
Morbilliform eruption Pigmentation Fixed drug eruption
Photosensitivity Pruritis Morbilliform eruption
Pruritus SJS/TEN Pruritus ani
Pseudoporphyria Urticaria Serum sickness-like reaction
SJS/TEN Vasculitis Serum sickness-like reaction
Urticaria Vulvovaginitis

Acute generalized exanthematous pustulosis

Acute generalized exanthematous pustulosis
Dryg-induced pemphigus

Fixed durg eruption

Morbilliform eruption

Pustular eruption (localized)

Serum sickness-like reaction

Serum sickness-like reaction

SJS
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NSAIDs are commonly implicated in TEN, accounting
for 36% of cases of TEN over a 4-year period in France
(Roujeau, 1987). The increased availability of NSAIDs
may be at least partly responsible for the high percent-
age of TEN due to NSAIDs. In 1973, four NSAIDs were
available by prescription; by 1982, twelve prescription
NSAIDs were available (Bigby and Stern, 1985). Several
NSAIDs appear to have a higher risk of severe ADRs.
Sulindac causes rash in 3 to 9% of patients, including
several cases of SJS and TEN (Bigby and Stern, 1985).
Similarly, oxicam derivatives are associated with both
SJS and TEN (Roujeau et al., 1995).

D. Antiretroviral Agents

Antiviral agents are less commonly implicated in
ADRs than antibiotics (Table 3) (Breathnach, 1998);
nevertheless, severe drug reactions occur more fre-
quently in patients with HIV infection than in the gen-
eral population. Overall, SJS and TEN are 100 to 1000
times more likely for a given drug exposure in patients
with AIDS (Odom et al., 2000). Because HIV-infected
patients are often treated with multiple antiretroviral
medications, as well as other medications including sul-
fonamides, identification of the causative agent can be
challenging. However, one antiretroviral in particular,
nevirapine, has emerged as a common cause of severe
adverse cutaneous reactions in HIV-infected patients.

Nevirapine is a non-nucleoside reverse transcriptase
inhibitor approved by the Food and Drug Administra-
tion in 1996 for treatment of HIV infection. Cutaneous
drug eruptions including morbilliform rash, urticaria,
hypersensitivity syndrome, SJS, and TEN are the most
frequent side effects of the medication and may be seen
in as many as 35% of patients (Barner and Myers, 1998).
Since its introduction, nevirapine has been directly re-
sponsible for at least 23 cases of SJS and TEN and at
least three deaths (Warren et al., 1998; Antén et al.,
1999; Wetterwald et al., 1999). In the four major devel-
opment trials of nevirapine, 6.6% of patients experi-
enced a severe or life-threatening eruption (Barner and
Myers, 1998).

Because the risk of severe CDR appears to be greatest
within the first several weeks of treatment, standard
recommendations are to start nevirapine at a half-dose
(200 mg) for the first 2 weeks. Anton et al. (1999) com-
pared this regimen to an even more gradual escalating
schedule (100 mg X 1 week, 200 mg X 1 week, 300 mg X
1 week, then full dose 400 g) and found that 8.5% of 166
patients on the standard schedule had to discontinue the
medication due to rash compared with 2.1% of 97 pa-
tients using a more gradual taper. Tolerance induction
with graded dosing of nevirapine in conjunction with
antihistamines has also been successful in two of three
patients who had previously failed treatment due to
non-bullous cutaneous reactions (Demoly et al., 1999).

The risk of severe rash from other non-nucleoside
reverse transcriptase inhibitors appears to be less than

that of nevirapine. In addition, two patients who devel-
oped a hypersensitivity reaction to nevirapine were
treated with oral steroids and switched successfully to
efavirenz (Podzamczer et al., 2000). The use of oral ste-
roids (prednisone 40 mg/day) for 14 days at the start of
treatment with nevirapine has actually demonstrated
an increased incidence and severity of CDR and is not
recommended (Viramune package insert; Roxane Labo-
ratories, Inc., Columbus, OH).

Lipodystrophy is a recently characterized syndrome of
acral fat wasting, central fat deposition, and glucose and
lipid abnormalities seen in HIV-infected patients receiv-
ing treatment with one or more protease inhibitors. It
does not appear to be an idiosyncratic CDR. Carr et al.
(1998) identified lipodystrophy in 83% of 113 HIV-in-
fected patients treated with protease inhibitors versus
4% of controls (HIV-infected, not using protease inhibi-
tors). These cutaneous changes occurred after a mean of
21 months of therapy and failed to resolve following
cessation of treatment (Carr et al., 1998).

E. Cephalosporins

The cephalosporins are B-lactam antibiotics that dif-
fer from penicillin by the substitution of the five-mem-
bered thiazolidine ring common to the penicillin group
with a six-membered dihydrothiazine ring. The risk of
adverse cutaneous reaction to cephalosporins in a pa-
tient with a history of penicillin allergy is controversial,
but appears to be quite low. Nevertheless, human stud-
ies have demonstrated that cross-reactivity does occur,
including life-threatening anaphylaxis (Weiss, 1992).

Both cephalosporins and the penicillins have been
implicated in inducing a pemphigus-like syndrome (Ta-
ble 3) (Fitzpatrick, 1992; Breathnach, 1998; Crowson
and Magro, 1999). This syndrome is also induced by thiol
drugs, including captopril, D-penicillamine, and gold so-
dium thiomalate. It is characterized by flaccid bullae
clinically indistinguishable from pemphigus vulgaris
that develop within the first few weeks of drug therapy.
Direct immunofluorescence demonstrates IgG antibod-
ies targeting the keratinocyte desmosomal components
desmoglein I or IIT in 90% of patients. Serum antibodies
are detected by indirect immunofluorescence in approx-
imately 70% of patients. Resolution after drug cessation
is variable—some cases will spontaneously resolve,
whereas other patients will continue to develop new
lesions (Fitzpatrick, 1992). In patients in whom antibod-
ies are not identified, the skin lesions tend to regress
following therapy, suggesting a direct toxic effect on
keratinocyte adhesion rather than immunoactivation
(Crowson and Magro, 1999).

Cefaclor is a common cause of morbilliform eruption
in children and, less commonly, a serum sickness-like
reaction. Patients with serum sickness-like reaction de-
velop fever, arthralgias, and skin eruption 1 to 3 weeks
after starting drug therapy (Knowles and Shear, 2001).
There is evidence that biotransformation of cefaclor is
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Fic. 14. Acute generalized exanthematous pustulosis. The patient de-
veloped several hundred small non-follicular based pustules after the use
of azithromycin. The eruption began on the head and neck and spread
over 24 h to cover the torso and proximal extremities.

necessary to elicit a serum sickness-like reaction and
that a heritable defect of metabolism may be involved
(Kearns et al., 1994). Patients who develop a serum
sickness-like reaction following the use of cefaclor
should avoid B-lactam antibiotics in the future (Gram-
mer, 1996).

F. Ampicillin/Amoxicillin

Penicillin and its derivatives are among the most com-
mon cause of allergic drug reactions, the phenotype of
which may vary from a morbilliform eruption to anaphy-
laxis (Table 3) (Breathnach, 1998). Fatality from peni-
cillin anaphylaxis results in 400 to 800 deaths/year
(Weiss, 1992). Patients with a history of reaction to
penicillin have a four to six times increased risk of
reaction to future treatments compared with the normal
population; however, many patients are incorrectly la-
beled as penicillin allergic or may have lost their sensi-
tivity (Weiss, 1992).

Ampicillin and amoxicillin are the penicillins most
commonly implicated in morbilliform drug reactions.
The high cutaneous reaction rate may be due to the
di-acyl side chain of these compounds that results in the
formation of linear polymers. The incidence of cutaneous
drug eruption due to ampicillin and amoxicillin is par-
ticularly high in patients with infectious mononucleosis,
cytomegalovirus, or acute lymphocytic leukemia (60—
100%) (Weiss, 1992).

Acute generalized exanthematous pustulosis is a dis-
tinct reaction pattern commonly caused by B-lactam and
macrolide antibiotics (Beylot et al., 1996; Knowles and
Shear, 2001). This unique reaction pattern in character-
ized by non-follicular based pustules on an erythema-
tous background that arise within 2 weeks of drug ex-
posure (Fig. 14). The eruption usually begins on the face
or intertriginous areas and spreads rapidly to affect the
entire body. In contrast to pustular psoriasis, polymor-

phous lesions, including EM-like lesions and purpura,
are common (Beylot et al., 1996). Fever and leukocytosis
are also clinical clues to the diagnosis of acute general-
ized exanthematous pustulosis. Histology characteristi-
cally demonstrates an intraepidermal spongiform pus-
tule with eosinophils.
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