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Hypersensitivity syndrome (HSS) reactions are one of the most
feared idiosyncratic drug reactions and are most common with exposure to antiepileptic drugs (AEDs), sulfonamides, nonsteroidal
antiinflammatory drugs, corticosteroids, and allopurinol. HSS is
associated with chemotoxic and T-cell–mediated inflammatory injuries in barrier tissue systems that contain cytochrome oxidases (e.g.,
skin, mucosa, liver, and lungs) and can be seen as a derangement in
the defense system against xenobiotics—bioactive foreign molecules.
The mechanisms for anticonvulsant HSS are incompletely understood but involve genetic susceptibility, with accumulation of AEDs
and oxidized metabolites causing major histocompatibility complex
(MHC) and non–MHC–dependent clonal activation of T cells and
subsequent cytokine/chemokine production in T cells, keratinocytes,
and other target cells. This review discusses the classification and
possible mechanisms for anticonvulsant HSS.

have >30% delamination of epidermis and usually require treatment in burn units. An anticonvulsant-induced HSS denotes a
subset of patients with systemic and cutaneous features of SJS
and TEN but without extensive mucosal involvement or skin
delamination.
Bocquet and colleagues designated a new syndrome
“DRESS,” which is an acronym for drug reactions with
eosinophilia and systemic signs, to distinguish a systemic drug
reaction with features of lymphoma (i.e., lymphocytic skin infiltration) from cutaneous drug-induced pseudolymphoma (3).
Most patients with DRESS, however, otherwise have typical
clinical features of severe HSS (4,5). Erythema multiforme
major is an older term used to describe patients with HSS and remains grouped with HSS in in standard diagnostic (ICD9) classification. The term now usually is reserved to denote acute mucocutaneous reactions triggered by herpes simplex virus. Other
serious cutaneous and systemic acute drug reactions associated
with AEDs include acute fixed drug reactions, phototoxic reactions, and porphyric exacerbations.

Risks for Hypersensitivity Syndrome

The risks for AED-induced HSS range from 1 to 10 per 10,000
for phenytoin, carbamazepine, phenobarbital, lamotrigine (6–
8). Although not formally studied, risks for zonisamide are probably similar, since spontaneous reports of HSS were 4.9 per
100,000 (9). HSS is not reported during monotherapy treatment with topiramate, gabapentin, or levetiracetam. HSS is
reported rarely with valproic acid. Risks for HSS with oxcarAntiepileptic Drug-Induced Hypersensitivity
bazepine administration are increased only slightly: 3–10 times
Syndrome
the background risk for the general public, which is 0.5–6 cases
Hypersensitivity syndrome (HSS) is a partially understood per million people per year (10).
disorder, with serious idiosyncratic drug reactions that most
commonly develop 2–6 weeks after exposure to antiepileptic Mechanisms of Hypersensitivity Syndrome
drugs (AEDs), sulfonamides, nonsteroidal antiinflammatory
Recent evidence suggests that AED-related HSS is due to a sedrugs, corticosteroids, and allopurinol (1). The classification
quence of chemotoxic and immunologically mediated injury;
of AED-associated HSS recently has been reworked to grouphowever, the pathogenesis of HSS may vary somewhat among
ings of three related disorders—Stevens–Johnson syndrome
AEDs. HSS may depend more on skin and mucosal bioacti(SJS), Toxic Epidermal Necrolysis (TEN), and anticonvulsantvation of AEDs and on MHC-dependent clonal expansion of
induced HSS (2). Patients with SJS have fever, mucosal blisterT cells than was previously suspected.
ing, erythematous skin eruptions, and frequently have hepatitis
Spielberg and Shear showed that lymphocytes cultured
or other organ involvement. TEN is similar to SJS, but patients
from patients with prior HSS have increased rates of necrosis
when the putative AED is added compared with lymphocytes
taken from unexposed control patients and cultured with the
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and phenobarbital) depended on oxidation by cytochrome P450 isozymes into reactive arene oxide metabolites. Lymphocyte
toxicity was increased when epoxide hydrolase, the detoxifying
enzyme that removes the reactive intermediate, was inhibited or
defective. This finding suggests that HSS was partially caused
by loss of detoxification capacity, which resulted in an accumulation of reactive epoxide intermediates. There is considerable evidence for this hypothesis, including the fact that rapid
accumulation of AEDs or their metabolites increase risks for
HSS in susceptible patients. Rapid infusion of phenytoin or
rapid initiation of lamotrigine, for example, increases risks for
HSS.
Loss of detoxification capacity, however, does not explain
individual susceptibility to HSS. Only a small subset of patients
with HSS due to aromatic AED administration have defective
production of epoxide hydrolase (2). Moreover, patients without HSS often have several-fold increases in lymphocyte toxicity when their lymphocytes are cultured with carbamazepine or
phenytoin and microsomal cytochrome P-450 is added. Firstdegree relatives of patients with phenytoin-induced HSS have
rates of lymphocyte toxicity that are lower than that of relatives
with HSS, but are elevated compared with unrelated control
subjects intermediate. These findings suggest that rapid accumulation of reactive metabolites may trigger cellular injury in
susceptible patients but does not explain HSS susceptibility.
Only recently has it been appreciated that epidermal keratinocytes and mucosal cells are major sites of oxidative and
conjugative processing of drugs. A simple example of this action
is the ability of grapefruit juice to inhibit CYP3A4 in intestinal mucosa; consequently, patients being administered carbamazepine may have marked increases in blood concentrations
when the drug is ingested with grapefruit juice (11). The major site of drug bioactivation and injury with HSS appears to
occur in skin epidermis and other target tissues (e.g., epidermal
keratinocytes, mucosal cells, and hepatocytes).
The pathogenesis of HSS in epidermis is probably best illustrated for the sulphonamide, sulfamethoxazole. Reilly et al.
(12) showed epidermal keratinocytes convert sulfamethoxazole
into a reactive hydroxylamine intermediate. This reactive epoxide is formed in a manner similar to the formation of arene
oxides by cytochrome oxidation of an aryl-amine side-chain. In
culture, hydroxylamine covalently binds to keratinocytes but is
cytotoxic only when keratinocytes are depleted of glutathione.
The pattern is similar to the lymphocyte toxicity assay discovered for the aromatic AEDs—keratinocyte toxicity depends on
drug bioactivation and loss of enzyme detoxification capacity.
However, as with the aromatic amines, accumulation of reactive
drug intermediates, alone, is unlikely to be sufficient to trigger
HSS. Recently it was shown that sulfamethoxazole triggers Tcell–mediated responses in keratinocytes. In a patient with a

bullous skin reaction, sulfamethoxazole stimulated production
of T-lymphocyte clones when cultured with cytochrome P-450
(13). Hydroxylamine–keratinocyte adducts can trigger MHCdependent clonal proliferation of T-cell lymphocytes (12). This
finding suggests that individual genetic susceptibility to HSS
may be mediated by MHC expression in keratinocytes and
other target cells.
AEDs are likely to share similar mechanisms for HSS
(14). The AED zonisamide does not appear to share crossreactivity with sulfamethoxazole; however, it is a comparable
sulfonamide and is likely to cause HSS via similar mechanisms. Naisbitt et al. showed that patients with carbamazepineinduced HSS have clonal proliferation of CD4+ or CD4+/
CD8+ cells that secrete interferon-γ and are cytotoxic (15).
T-cell recognition of carbamazepine was dependent on human
leukocyte antigen (HLA) class II matched antigen-presenting
cells. Posadas et al. (16) showed that patients with TEN, as a
result of aromatic AED administration, had early activation of
peripheral blood T cells with skin homing receptors (CLA-T
cells). They linked epidermal injury to accumulation of T cells
and cytokines in skin, including tumor necrosis factor-α. In
Han Chinese patients, carbamazepine-induced SJS correlates
strongly with an HLA marker: 100% (44 of 44 patients) had
the human leukocyte antigen HLA–B ∗ 1502, while the same
genetic marker was present in only 3% (3 of 101) of patients
who tolerated carbamazepine and in 8.6% (8/93) of the general population (17). This association possibly explains why
Chinese have a several-fold higher incidence of SJS resulting
from carbamazepine administration compared to Caucasians.
Mechanisms for lamotrigine-induced HSS are less well understood than those for carbamazepine; however, they are similar structures and are likely to share mechanisms similar to
sulphonamides—that is, they are likely to have drug bioactivation that triggers clonal expansion of T cells in skin, liver, and
other injury sites. HLA linkages have not been performed for
patients with lamotrigine-induced HSS. Valproic acid inhibits
glucuronidation, the major elimination pathway for lamotrigine in humans, and studies indicate that the majority of patients with lamotrigine-related HSS also were taking valproic
acid (18). The finding suggests a possible diversion of lamotrigine from glucuronidation to an oxidative elimination pathway,
as found in rodents, with production of a reactive epoxide intermediate (19). However, this hypothesis remains to be demonstrated in humans, and a patient with lamotrigine-induced HSS
had direct binding of T-cell receptors with lamotrigine (14).
Lamotrigine binding of T cells subsequently triggered clonal
production of CD4+ cells and some CD8+ cells in culture. It
remains unclear, however, whether direct T-cell–receptor binding was the result of previous sensitization and whether initial
lamotrigine-induced HSS reactions are MHC dependent.
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The mechanisms producing HSS can be seen as a defect
in the human ecological barrier system. Cytochrome enzymes
are present in skin, mucosal (oropharyngeal, intestine, vagina,
conjunctiva), lung, and hepatic tissue. These tissues also are
sites of MHC-dependent T-cell–mediated immunity and together the oxidative and immunologic systems are adaptable
to removing xenobiotics (20). MHC proteins coordinate Tcell–responses for foreign molecules, including some AEDs that
are processed as antigens by keratinocytes. It remains unclear
whether small molecules, such as AEDs, may bind directly to
specific T-cell–receptors without prior T-cell–sensitization or
drug-antigen presentation by MHC (20).
The variability in the clinical presentation of HSS, such
as epidermal eruptions and mucosal blistering in SJS, epidermal necrosis and delamination in TEN, or eosinophilia in
DRESS, is likely to reflect host-specific metabolic and immunologic reactions associated with T-cell–mediated responses
in these tissues (14–16,20). These reactions include varying levels of cytochrome induction; MHC- and non–MHC–
dependent T-cell–activation; involvement of cytotoxic CD8+
and CD4+ mediated responses; expression of adhesion and
homing molecules on keratinocytes; and chemokine release
with infiltration by monocytes/macrophages and eosinophils.
Keratinocytes are apt to be directly involved in drug bioactivation and T-cell–mediated injury, since they express monocyte
adhesion molecules; form adducts with AEDs; and secrete cytokines, such as TNF-α, and chemokines involved in immune
cell migration and cell injury. (21). Possible mechanisms of
AED-induced HSS, adapted from Pichler’s schemata for sulfonamides (20), are illustrated in Figure 1. This figure shows
MHC-mediated binding between keratinocyte–AED adducts

and T cells with eventual cytotoxic T cell release of granzyme
and perforin—enzymes that cause membrane perforations and
apoptosis.

Hypersensitivity Syndrome Cross-Reactivity
HSS cross-reactivity for patients switching among the three aromatic amines, phenytoin, carbamazepine, and phenobarbital, is
between 40% and 70% (22). This range reflects differences in
the signs and severity of rash necessary to define recurring HSS.
Similarly, 15–25% of patients with carbamazepine-associated
rashes have cross-reactions to oxcarbazepine, detected either
clinically or by in vitro lymphocyte screening; however, serious HSS cross-reactions are rare. AEDs that do not induce
cytochromes and do not have cyclic amine structures generally
are not associated with HSS—a factor that can help focus safety
surveillance for newer AEDs.

Treating Hypersensitivity Syndrome
Patients with HSS can suffer serious epidermal scarring, mucosal inflammation, hepatic failure, pneumonitis, and with
TEN, sepsis and shock. The most effective treatment for HSS
is immediate discontinuation of the drug involved, along with
symptomatic support with hydration and skin care. There have
been no successful controlled trials for treatment of HSS, and reports vary considerably as to whether patients benefit from treatment with corticosteroids (23). Recently, several uncontrolled
series suggested that treatment with high-dose intravenous immunoglobulin hastens recovery from SJS and TEN for some
patients (24,25). Tan et al., for example, treated eight patients
with TEN and four with SJS using high dose intravenous
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FIGURE 1.
Possible stages in the development of keratinocyte injury with hypersensitivity syndrome. Cytochrome oxidation of aromatic
AEDs to reactive arene oxides eventually leads to MHC-dependent presentation of AED antigen and binding with T-cell receptors.
Keratinocyte toxicity may be caused directly by injury from reactive intermediates, by CD8+ T cell cytotoxicity, or by perforin and granzyme
B release by T-helper (CD4+) cells. AED, antiepileptic drug; ICAM-1, intercellular adhesion molecule 1; LFA-1, leukocyte function-related
antigen-1; MHC, major histocompatibility complex; TCR, T-cell receptor. Adapted from J of Invest Derm 2000;114(6):1164–1173 and
Ann Intern Med 2003;139(8):683–693.
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immunoglobulin (2 g/kg body weight) (26). One patient died, 7. Roujeau JC, Kelly JP, Naldi L, Rzany B, Stern RS, Anderson T,
Auquier A, Bastuji-Garin S, Correia O, Locati F, Mockenhaupt
the remaining 11 patients recovered relatively rapidly, with
M, Paoletti C, Shapiro S, Shear N, Schopf E, Kaufman DW.
initial recovery noted after 3 days of therapy. Keratinocytes
Medication use and the risk of Stevens-Johnson syndrome or
secrete TNF-α in areas of blistering and epidermal injury in
toxic epidermal necrolysis. N Engl J Med 1995;333:1600–
TEN; in a recent case report, treatment with anti-TNF-α ap1607.
peared to hasten recovery for a patient with TEN (27). Visual 8. Mockenhaupt M, Messenheimer J, Tennis P, Schlingmann J. Risk
of Stevens-Johnson syndrome and toxic epidermal necrolysis in
loss, as a result of conjunctivitis and corneal scarring, is one of
new users of antiepileptics. Neurology 2005;64:1134–1138.
the most serious complications of SJS and TEN (28). Corneal
9. Zonisamide [package insert]. Teaneck, NJ: Elan Pharma Internainjury appears to be due to keratinization of the eyelid margin,
tional Ltd.; 2004
with microtrauma from blinking, and may be treated topically 10. Oxcarbazepine [package insert]. East Hanover, NJ: Novartis Phar(29).
maceuticals Corporation; 2005.

Conclusion
HSS is a delayed idiosyncratic drug reaction strongly linked to
genetic susceptibility for T-cell–mediated responses to bioactive molecules. The efficacy of intravenous immunoglobulin
for treating HSS requires evaluation; thus, the major current
treatment for HSS is immediate removal of the offending drug.
Future treatment for HSS may also involve reducing buildup of
reactive intermediates and blocking target cell reactions, such
as keratinocyte secretion of TNF-α (27). Since MHC proteins
expressed by human chromosome 6 help determine whether
molecules, such as AEDs, are presented as foreign antigens, it
may be possible to develop a MHC library to determine individual susceptibility to HSS. An example is the previously described
study of Han Chinese with antigen HLA–B ∗ 1502, placing patients at risk for HSS when treated with carbamazepine. If libraries of MHC and enzyme-subtypes associated with serious
drug reactions can be developed, it may be feasible to develop
individual panels showing susceptibility to HSS and other serious drug reactions.
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Ring J, Schopf E. Histopathological and epidemiological characteristics of patients with erythema exudativum multiforme major,
Stevens-Johnson syndrome and toxic epidermal necrolysis. Br J
Dermatol 1996;135:6–11.
5. Wolf R, Matz H, Marcos B, Orion E. Drug rash with eosinophilia
and systemic symptoms vs toxic epidermal necrolysis: the dilemma
of classification. Clin Dermatol 2005;23:311–314.
6. Tennis P, Stern RS. Risk of serious cutaneous disorders after initiation of use of phenytoin, carbamazepine, or sodium valproate:
a record linkage study. Neurology 1997;49:542–546.

11. Dresser GK, Spence JD, Bailey DG. Pharmacokineticpharmacodynamic consequences and clinical relevance of cytochrome P450 3A4 inhibition. Clin Pharmacokinet 2000;38:41–
57.
12. Reilly TP, Lash HL, Doll MA, Hein DW, Woster PM, Svensson
CK. A role for bioactivation and covalent binding within epidermal keratinocytes in sulfonamide-induced cutaneous drug reactions. J Invest Derm 2000;114:1164–1173.
13. Merk HF, Baron J, Kawakubo Y, Hertl M, Jugert F. Metabolites
and allergic drug reactions. Clin Exp Allergy 1998;28:21–24.
14. Naisbitt DJ, Farrell J, Wong G, Depta JP, Dodd CC, Hopkins
JE, Gibney CA, Chadwick DW, Pichler WJ, Pirmohamed M,
Park BK. Characterization of drug-specific T cells in lamotrigine hypersensitivity. J Allergy Clin Immunol 2003;111:1393–
1403.
15. Naisbitt DJ, Britschgi M, Wong G, Farrell J, Depta JPH,
Chadwick DW, Pichler WJ, Pirmohamed M, Park BK. Hypersensitivity reactions to carbamazepine: characterization of the specificity, phenotype, and cytokine profile of drug-specific T cell
clones. Molecular Pharmacol 2003;63:732–741.
16. Posadas SJ, Padial A, Torres MJ, Mayorga C, Leyva L, Sanchez E,
Alvarez J, Romano A, Juarez C, Blanca M. Delayed reactions to
drugs show levels of perforin, granzyme B, and Fas-L to be related
to disease severity. J Allergy Clin Immunol 2002;109:155–161.
17. Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho HC,
Wu JY, Chen YT. Medical genetics: a marker for Stevens-Johnson
syndrome. Nature 2004;428:486.
18. Rahman M, Haider N. Anticonvulsant hypersensitivity syndrome
from addition of lamotrigine to divalproex. Am J Psychiatry
2005;162:1021.
19. Maggs JL, Naisbitt DJ, Tettey JN, Pirmohamed M, Park BK.
Metabolism of lamotrigine to a reactive arene oxide intermediate.
Chem Res Toxicol 2000;13:1075–1081.
20. Pichler WJ. Delayed drug hypersensitivity reactions. Ann Intern
Med 2003;139:683–693.
21. Paquet P, Nikkels A, Arrese JE, Vanderkelen A, Pierard GE.
Macrophages and tumor necrosis factor alpha in toxic epidermal
necrolysis. Arch Dermatol 1994;130:605–608.
22. Sierra NM, Garcia B, Marco J, Plaza S, Hidalgo F, Bermejo T.
Cross hypersensitivity syndrome between phenytoin and carbamazepine. Pharm World Sci 2005;27:170–174.
23. Hampton KK, Bramley PN, Feely M. Failure of prednisone to
suppress carbamazepine hypersensitivity (letter). N Engl J Med
1985;313:509–510.
24. Mostella J, Pieroni R, Jones R, Finch CK. Anticonvulsant hypersensitivity syndrome: treatment with corticosteroids and intravenous immunoglobulin. South Med J 2004;97:319–321.

Current Review in Clinical Science

37

TNF-alpha treatment. J Allergy Clin Immunol 2005;116:923–
25. Mayorga C, Torres MJ, Corzo JL, Sanchez-Sabate E, Alvarez J,
924.
Vera A, Posadas S, Jurado A, Blanca M. Improvement of toxic
epidermal necrolysis after the early administration of a single high 28. Di Pascuale MA, Espana EM, Liu DT, Kawakita T, Li W, Gao
YY, Baradaran-Rafii A, Elizondo A, Raju VK, Tseng SC. Corredose of intravenous immunoglobulin. Ann Allergy Asthma Imlation of corneal complications with eyelid cicatricial pathologies
munol 2003;91:86–91.
in patients with Stevens-Johnson syndrome and toxic epidermal
26. Tan AW, Thong BY, Yip LW, Chng HH, Ng SK. High-dose
necrolysis syndrome. Ophthalmology 2005;112:904–912.
intravenous immunoglobulins in the treatment of toxic epidermal
29. McDonald MA, Favilla I. Visual loss in a patient with lamotriginenecrolysis: an Asian series. J Dermatol 2005;32:1–6.
induced cicatrizing conjunctivitis. Clin Experiment Ophthalmol
27. Hunger RE, Hunziker T, Buettiker U, Braathen LR, Yawalkar
2003;31:541–543.
N. Rapid resolution of toxic epidermal necrolysis with anti-

