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Purpose of review

Idiosyncratic drug reactions continue to limit the therapeutic

utility of sulfonamide drugs because of their associated

morbidity and mortality. Cutaneous reactions are the

predominant reasons for withdrawal of such drugs from use in

patients. As a consequence of the recognized metabolic and

immunologic capability of the skin, an understanding of the

pathogenic role of this tissue in the development of sulfonamide-

induced cutaneous drug reactions may provide insight into the

mechanisms and risk factors for these and other adverse drug

events.

Recent findings

In the present review we discuss currently available mechanistic

information, including issues related to drug bioactivation and

adduct formation, immunoresponsiveness, and immune

dysregulation, for the development of sulfonamide-induced

(delayed-type) cutaneous drug reactions. The potential

application of findings from several related areas of research

are also discussed within the context of the pathogenesis of

these cutaneous reactions.

Summary

Despite progress, numerous unresolved issues support the

testing of novel hypotheses, the search for additional risk

factors, and the need for a global approach, including links

between laboratory and clinical paradigms. These issues must

be addressed if we are to gain an understanding of the

mechanistic bases for these cutaneous drug reactions.
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Introduction
The therapeutic utility of sulfonamides, particularly
sulfamethoxazole, has been limited by their propensity
to cause adverse reactions with signi®cant morbidity and
mortality [1]. Although clinical presentation and severity
may vary [1], the most frequent manifestations of
toxicity involve the skin [2.].

Sulfonamide-induced cutaneous drug reactions (CDRs)
occur in approximately two to four out of every 100
individuals taking sulfonamides, but are dramatically
more common (reportedly in the 40±60% range) in HIV-
infected patients (for review [2.]). Such CDRs encompass
a wide array of clinical/pathological diagnoses that include
urticaria, macular exanthemas, eczematous and ®xed drug
eruptions, and erythema multiforme, as well as severe and
life-threatening manifestations such as Stevens±Johnson
syndrome and toxic epidermal necrolysis [1,2 .]. The
clinical onset of many sulfonamide-induced CDRs, often
occurring at least 7 days after drug initiation, suggests a
delayed-type, idiosyncratic reaction (for review [2 .]).
Histopathological studies of patient samples have de-
monstrated signi®cant in®ltration of immune cells [3±
7,8.,9..], as well as induction of proin¯ammatory cyto-
kines [7,8 .,10] and adhesion molecules [5] within the
affected areas of skin. Moreover, Hertl et al. [11]
identi®ed sulfamethoxazole-speci®c T cells within le-
sions of a patient during a sulfonamide-induced CDR.
Those observations provide compelling but still circum-
stantial evidence to support a cellular immune-mediated
component of many sulfonamide-induced CDRs. How-
ever, the varied clinical phenomena also suggest a
complexity of `cause' and `effect' responses, making
de®nitive mechanistic studies extremely dif®cult. The
present review addresses the proposed mechanistic
models for these idiosyncratic (delayed-type) cutaneous
reactions, including recent studies that suggest important
but controversial ideas regarding the pathogenesis of
sulfonamide-induced CDRs.

A mechanistic framework: integrating
cutaneous reactions with the hapten and
danger hypotheses
The hapten hypothesis is a useful model to explain how
many low-molecular-weight drugs such as sulfonamides
trigger an immune-mediated CDR (for recent review
[2.]). Although sulfamethoxazole is believed to be too
small and chemically inert for recognition by immune
cells, it is bioactivated to a reactive hydroxylamine
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[sulfamethoxazole hydroxylamine metabolite (SMX-
NOH)] [12], which spontaneously oxidizes to a nitroso
species [sulfamethoxazole nitroso metabolite (SMX-
NO)] that binds cellular proteins and is cytotoxic [13±
15]. In contrast to drug or metabolite alone, metabolite±
protein adducts are believed to be immunogenic, acting
as `neoantigenic' initiators of an immune response when
presented in the context of major histocompatibility
complexes (MHCs). Identi®cation of sulfamethoxazole±
protein conjugates in human sera [16], recognition of
sulfamethoxazole-bound proteins by antibodies from
patients with a previous sulfonamide-induced CDR
[17], and the unique immunogenic potential of SMX-
NO in rats [18] support this hypothesis. Moreover, the
association between clinical toxicity and decreased
capabilities of sulfonamide detoxi®cation pathways, as
in slow acetylator phenotypic individuals [19], suggests
that the generation of reactive metabolites may be a
critical determinant of toxicity.

One problematic issue in relating this hypothesis to
sulfonamide-induced CDRs has been the inability to
readily equate hepatic activation of sulfonamides with
cutaneous toxicity [2.]. Some have questioned the
extent to which hepatocyte-generated reactive metabo-
lites may survive transit from the liver to peripheral sites
such as skin [2.,20±22]. Although phagocyte-mediated
oxidative activity may be an extrahepatic metabolic
source (for review [22]), Reilly et al. [21] proposed an
alternative mechanism in which epidermal keratinocytes
might directly generate reactive drug species within the
skin. Using an in-vitro system, they showed that human
epidermal keratinocytes can metabolize sulfamethoxa-
zole and the sulfone drug dapsone to reactive hydro-
xylamines; that these reactive species covalently bound
to keratinocyte proteins; and that there was a unique
dependence of SMX-NOH-mediated binding and cyto-
toxicity on cellular glutathione levels. The latter data
may help to explain the increased incidence of
sulfonamide-induced CDRs in HIV-infected individuals
[2 .] who have a reported de®ciency in glutathione [23]
and a decreased capacity to detoxify SMX-NO [24]. This
is also an intriguing model because, apart from their
metabolic potential [25 .,26], keratinocytes represent the
predominant cell type within the skin and possess a
range of immunologic activities [27,28] that include
expressing MHCs [29] and adhesion molecules [30,31]
on their cell surface, as well as the capacity to release
cytokines [30,32] and chemokines [33,34.]. Induced
expression of MHC, adhesion, cytokine, and chemokine
molecules by keratinocytes is a common but varied
histopathological observation in patients with sulfona-
mide-induced CDRs [6,9 ..,35..].

In addition to their potential to present drug-bound
antigens directly to T cells [36±38], keratinocytes may

also activate nearby professional antigen-presenting cells
in the skin, particularly Langerhans cells, by releasing
drug±protein `neoantigens' or stimulatory signals [39].
Langerhans cells are critical in the development of
cutaneous immune responses to allergens and model
haptens, and have been shown to be depleted in drug-
induced lesional skin [4,40].

Although this model [21] still requires experimental
validation, it suggests that the general hallmarks of the
hapten hypothesis (i.e. bioactivation, protein binding,
and presentation of drug±protein `neoantigens' to
immune cells) might all occur directly within the
cutaneous environment and may contribute signi®cantly
to the development of sulfonamide-induced CDRs.

Other data have emerged that challenge the necessity for
bioactivation and covalently linked `neoantigens' as a
primary stimulant for immune activation. Pichler and
coworkers [41±43] showed that T-cell clones from
patients with previous reactions to sulfonamides, as well
as to lidocaine, proliferate in vitro in the presence of the
offending drug in an MHC-dependent, but metabolism-
and antigen processing-independent, manner. These
data suggest that sulfamethoxazole can associate with
MHCs in a noncovalent manner suf®cient to stimulate
sulfamethoxazole-speci®c T cells. However, whereas
speci®city has been demonstrated for the parent drug
in many cases [44], T-cell proliferation can also be
selective for protein-bound SMX-NO [11,44], which is
inhibited by glutathione [45.]. These data suggest that
drug-speci®c T-cell activation may occur through a
variety of different mechanisms, although the patholo-
gical role and preponderance of each remain to be
determined in vivo.

Importantly, the model presented by Pichler and
coworkers of reversible sulfamethoxazole±MHC interaction
need not negate the relevance of bioactivation because
reactive drug species may still be critical in initiating an
immune response. As discussed in an earlier report [20],
although drug±peptide±MHC complexes provide the
®rst antigenic signal for T-cell activation through the T-
cell receptor, a second costimulatory signal is required to
establish an effective immune reaction [46.]. The toxic
effects of metabolites might provide this costimulation
via the generation of `danger' signals, as proposed by
Matzinger [47]. The argument that `bad' (necrotic) death
or cellular stress mediators [47], including possibly heat
shock proteins [48,49.], are `danger' signals that result in
costimulation ®ts with the cytotoxic or stressful effects of
reactive drug species. Others have shown, for example,
that cutaneous irritants can stimulate keratinocyte
expression of costimulatory molecules including CD80
(B7.1) [50] and CD40 [46 .,51]. Although this `danger
hypothesis' continues to be a subject of debate [52,53], it
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has gained recent experimental support [54,55] and
maintains the a-priori necessity of bioactivation. More-
over, a combination of the hapten and danger hypoth-
eses provides a workable framework for understanding
how sulfonamides and other drugs might initiate a CDR.

Recent developments, continued
controversy, and new questions
Whereas much data favors a role for bioactivation, it has
yet to be proven that elevations in reactive metabolites
lead to sulfonamide-induced CDRs. Past studies have
failed to ®nd an association with polymorphisms in
oxidative capability [56] or glutathione processing [57],
and have shown the association with slow acetylation
(NAT2) to be less than absolute [58]. More recently,
studies have failed to correlate the increased incidence of
sulfonamide-induced CDRs in HIV-positive patients
with metabolic polymorphisms [59] and have found the
combination of slow acetylation and glutathione S-
transferase M1 null genotype to be less than expected,
given the importance of detoxi®cation pathways [60].
One interesting development is the demonstration that
bacterial lipopolysaccharide can decrease metabolic
inactivation of SMX-NOH [61.]. Those data provide
limited support for the hypothesis that concomitant
infections may increase susceptibility to sulfonamide-
induced CDRs secondary to increased metabolite levels.
What remains to be determined is how much of a
metabolic alteration might signi®cantly alter susceptibil-
ity, whether there is a `threshold' [21] difference between
patients in terms of their cellular ability to withstand the
toxic effects of reactive species, and whether induction of
metabolic changes alone is suf®cient for development of
sulfonamide-induced CDRs.

Aside from questions regarding the absolute effect of
metabolic polymorphisms, however, the hypothesis that
bioactivation is required for initiation of sulfonamide-
induced CDRs has gained strong support from two
recent studies [62 ..,63..]. Using a delayed-type hyper-
sensitivity model, Choquet-Kastylevsky et al. [62..]
showed that hypersensitivity could only be induced
upon treatment of mice with sulfamethoxazole and an S9
bioactivating system. This supports a reactive metabolite
as the initiating hapten in vivo. Moreover, splenocyte
proliferation could be induced from sulfamethoxazole- or
sulfamethoxazole/S9-initiated mice, but only with drug
and the bioactivating system. This suggests that
sulfamethoxazole treatment can induce cellular activa-
tion but that in-vivo responsiveness (i.e. hypersensitiv-
ity) requires a higher concentration of reactive
metabolites within the cutaneous environment than
might normally be produced in vivo.

Naisbitt et al. [63..] extended these ideas, demonstrating
that sulfamethoxazole-speci®c T cells could be gener-

ated in rats in an SMX-NO-speci®c manner. Those
investigators showed in-vivo labeling of keratinocytes
and peripheral blood cells when rats were injected with
SMX-NO, and to a lesser degree with SMX-NOH, and
correlated covalent labeling with an ability to induce T-
cell activation. Their data suggest that, in addition to
whatever cutaneous metabolism occurs [21], reactive
sulfonamide species can also survive transit to the skin
and covalently bind cellular proteins to initiate an in-vivo
response [63..]. Moreover, in combination with immune-
enhancing adjuvant, in-vivo injection of sulfamethox-
azole induced proliferation ex vivo, but only when
restimulated with SMX-NO (sulfamethoxazole and
SMX-NOH were ineffective). Although that study
cannot be construed as an in-vivo model of sulfona-
mide-induced CDRs, it does strongly argue that
production of protein adduct-forming metabolites are
necessary for a systemic immune response to sulfa-
methoxazole. The ultimate ability to promote a sulfona-
mide-induced CDR may be secondary to alterations in
additional pathways, including cutaneous increases in
interferon-g or other events [63 ..].

In contrast to the aforementioned evidence for the role
of bioactivation, Pichler and coworkers presented further
data that support a unique reactivity of drug-speci®c T
cells to noncovalently linked parent drugs. Interestingly,
they found signi®cant allogeneity and divergence in
drug-speci®c T-cell responses [64 ..], which suggests a
heterogeneous T-cell response that may vary with the
type of CDR [35..] as well as between individuals [9..].
They have elegantly demonstrated that sulfamethox-
azole-speci®c (and other drug-speci®c) clones can be
both MHC allele-restricted and unrestricted, and that
the propensity of T-cell receptors that are speci®c for
self-MHC±peptide±drug complexes to cross-react with
non-self-MHC±peptide complexes is signi®cantly higher
than that of most common, peptide-speci®c T-cell
receptors [64..], suggesting a possible inclination toward
autoimmune-type reactions initiated by drugs. The
®nding that certain human leukocyte antigen (HLA)
types, namely HLA-DRB1*07 [35..] and HLA-A30 B13
Cw6 [65.], are associated with different types of
sulfonamide-induced CDRs further supports the sugges-
tion of heterogeneous T-cell responses, possibly through
preferential interactions of drugs with certain MHC
molecules [35..], leading to varied clinical phenomena.
Intriguingly, a correlation between CD8+ T-cell activa-
tion in CDRs and the development of hepatic injury was
also observed [9..]. An obvious question that arises,
therefore, is whether the activation of a particular type of
T cell with speci®c phenotypic characteristics (e.g.
cytokine pro®le or HLA speci®city) might be more or
less likely to lead to a particular type of adverse reaction.
Moreover, what links drug-speci®c T cells, particularly
those found in peripheral blood, with the apparent tissue
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speci®city of CDRs? Are there additional skin homing
factors [34.,66,67] that are also altered in patients who
are prone to sulfonamide-induced CDRs, or might it be
related to factors such as redistribution of immune cells
to cutaneous regions by acute stress [68]?

Thus, it seems reasonable to speculate that molecular
events within keratinocytes and/or Langerhans cells may
be critical points of sulfonamide-induced CDR initiation.
Might drugs (or their metabolites) induce cytokine [e.g.
tumor necrosis factor (TNF)-a, interleukin-1] or chemo-
kine responses within the skin, as has been shown for
drugs such as acetaminophen in the liver (for references
[69 ..])? Might other factors, such as concomitant
bacterial or viral infection, induce such initiating events?
Interferon-inducible protein-10, which is upregulated in
response to interferon-g, has been shown to be high in
CDRs [70], as has interleukin-5 [7,8 .,71] and interleu-
kin-8 [7,35 ..]. Do these chemoattract more in®ltrating
cells for immunosurveillance, or might the increased
incidence of skin reactions simply be related to the
simplicity of their observation clinically? Alternatively,
could the skin be a default site for toxicity as a
consequence of the fact that the liver (the primary site

of drug bioactivation) has signi®cant detoxi®cation and
tolerogenic capabilities [72] that resist drug toxic events
more effectively than do corresponding mechanisms
within the skin [52,73]? With regard to the latter point,
studies of acetaminophen-induced liver injury suggest
that, metabolic activation and covalent binding being the
same, immunoregulatory factors including interleukin-10
[69..] and cyclooxygenase-2-derived mediators [74.]
exist to counterbalance the degree of drug-induced
injury, and their perturbation signi®cantly affects sus-
ceptibility. Although increased proin¯ammatory and
decreased anti-in¯ammatory mediator levels have been
noted as contributing to other skin conditions, including
psoriasis [75], their role in susceptibility to sulfonamide-
induced CDRs is unknown.

Alternative hypotheses, suggested risk
factors, and new approaches
Despite recent progress, we still do not understand how
and why sulfonamide-induced CDRs and other drug
reactions occur only in certain individuals. Signi®cant
variation in the time until toxicity and the clinical/
pathological sequelae [1,2 .] support the existence of a
multitude of factors. As illustrated in Figure 1, a cascade
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Figure 1. The complexity of sulfonamide-induced cutaneous drug reactions

Although events such as drug bioactivation to reactive species, covalent binding to cellular proteins, and immunostimulation might favor the
development of a sulfonamide-induced cutaneous drug reaction (S-CDR), there also appear to be competing mechanisms that can counteract each of
these proinjurious events. In the average individual, protective or anti-inflammatory mechanisms (thick arrows) push the mass balance against the
development of toxicity. However, in certain susceptible individuals, genetically or environmentally induced deficiencies occur in one or more of these
protective/detoxification mechanisms, allowing for progression along a cascade of events that ultimately results in an S-CDR. APC, antigen-presenting
cell; CYP, cytochrome P450; GSH, glutathione; IL, interleukin; LC, Langerhans cell; Per(ox), peroxidase(s); PG, prostaglandin(s); Red, reductase;
SMX, sulfamethoxazole; S-NO, sulfamethoxazole nitroso metabolite(s); S-NOH, sulfamethoxazole hydroxylamine metabolite(s). Significantly altered
from Reilly et al. [21].



of events, including bioactivation, keratinocyte stress
secondary to reactive drug species, and immunostimula-
tion, probably links sulfonamide use with cutaneous
toxicity. At the same time, regulatory mechanisms also
exist to combat these events (Fig. 1). The dynamic
interactions between metabolic, detoxi®cation and re-
pair, and anti-in¯ammatory and proin¯ammatory me-
chanisms may well determine the probability of a CDR
and its pathological development. Thus, it seems
prudent that we continue to explore alternative hypoth-
eses and consider the application of new approaches to
gain an understanding of sulfonamide-induced CDRs
and the risk factors most likely to be targets for clinical
intervention.

Hess et al. [76 .] recently showed that SMX-NOH may
interfere with cell-signaling events within peripheral
blood mononuclear cells. At sublethal, therapeutically
achievable concentrations, SMX-NOH disrupted inter-
leukin-2 receptor signaling through interference with
Janus kinase±STAT (signal tranducer and activator of
transcription) pathways. The result was a shift toward
higher levels of interferon-g, which favors cell-mediated
responsiveness [76 .]. Goodman et al. [77] suggested that
keratinocyte-mediated T-cell activation in the skin
causes an `immune deviation' associated with minimal
interferon-g production, the result being an active, but
nonpathogenic immunological tolerance [52]. If SMX-
NOH can also cause comparable alterations in signaling
cascades or changes in cytokine production within
keratinocytes (or Langerhans cells), might the result be
a pathogenic immune response as in sulfonamide-
induced CDRs? The hydroxylamine metabolite of
procainamide has recently been shown to disrupt the
induction of central T-cell tolerance, resulting in drug-
induced autoimmune-like pathology [78]. Despite the
apparent differences in toxicity between procainamide
and sulfonamides, those data provide limited support for
the potentially important immunomodulatory effect of
hydroxylamine metabolites at the cellular and molecular
level.

As noted above, a variety of protective mechanisms also
exist to prevent the potential development of a drug-
speci®c, immune-mediated, sulfonamide-induced CDR
(Fig. 1). Anti-in¯ammatory cytokines, for instance, may
help to resist a `slippery slope' toward immune reactivity
by repressing costimulatory signals, preventing proper
activation and migration of antigen-presenting cells, or
inducing tolerance, `immune deviation' [52], or hypor-
esponsiveness (Fig. 1). What if these protective factors
were not regulated properly secondary to genetic or
environmental defects? Polymorphisms in interleukin-
10, for instance, have been associated with the develop-
ment of diclofenac and ethanol-induced hepatitis [79,80]
and with cutaneous in¯ammatory diseases (e.g. psoriasis)

[81]. Other investigators have shown that cyclooxygen-
ase-2-derived mediators are tolerogenic, such that their
inhibition with cyclooxygenase-2 inhibitory drugs could
conceivably increase immune reactivity or drug injury
(for references [74.]) subsequent to loss of this
protective mechanism. On the other hand, recent data
suggest that increases in TNF-a secondary to a
polymorphism in its promoter region are associated with
carbamazapine-induced CDRs [82 .].

In searching for mechanistic explanations for sulfona-
mide-induced CDRs, no better model exists than the
vastly increased incidence of sulfonamide-induced
CDRs in HIV-positive patients. Does this clinical
observation provide insight into the mechanisms of
sulfonamide-induced CDRs? For instance, HIV has
been suggested to modify heat shock protein expression
by keratinocytes [83], which may in turn accelerate
antigen-speci®c interferon-g production [84 .]. Could
similar changes with HIV infection provide mechanistic
clues? HIV infection induces secretion of TNF-a,
interleukin-1, interleukin-6, and interferon [85±87].
These cytokines are critical in the activation of
keratinocytes, migration of Langerhans cells to lymph
nodes, and stimulation of T-cell responses, suggesting
that their alteration could play some role in enhancing
susceptibility. Schnyder et al. [88] have recently
demonstrated a pathogenic role for sulfamethoxazole-
speci®c T cells in the destruction of MHC-expressing
keratinocytes incubated with sulfamethoxazole. This
mechanism was interferon-g dependent, suggesting
another possible mechanism for the increased suscept-
ibility of HIV-infected individuals who have elevated
interferon-g levels. The perforin-mediated apoptotic
mechanism of keratinocyte killing also correlates with
the in-vivo importance of perforin in patients with
CDRs [8.] and other skin diseases, as well as the
hypothesized involvement of apoptotic death in the
pathogenesis of drug-induced toxic epidermal necrolysis
[89].

CD4+ T cells from HIV-positive patients also produce
abnormally low levels of interleukin-2 in response to
mitogen and antigen stimulation [90]. This observation
is interesting because interleukin-2 is multifunctional,
having a redundant mitogenic role that can be ful®lled
by interleukin-4, -7, -9, or -15 [91]. A compensatory
increase in interleukin-15 in a state of reduced
interleukin-2 therefore might promote monocyte differ-
entiation into Langerhans-like cells [92]. Interleukin-2 is
also critical at limiting immune responses to foreign or
self-antigens, as evidenced by the increased cellular
proliferation and autoimmune diseases seen in inter-
leukin-2-de®cient mice [91,93]. These data suggest that
HIV and its associated reduction in interleukin-2 may
impair T-cell homeostasis, and, although lacking experi-

Sulfonamide-induced cutaneous drug reactions Reilly and Ju 311



mental support, this altered immune homeostasis may
favor the development of sulfonamide-induced CDRs.

An association between sulfonamide-induced CDRs and
alterations in gross CD4+/CD8+ T-cell subsets in HIV-
infected patients has been reported [94]. However, HIV
is also associated with changes in other cellular subsets
that include an altered gd T-cell distribution in
peripheral blood and a signi®cant increase in Vd1
CD3+ T cells (approximately 12% in AIDS versus
51% in control individuals) [95]. The gd T cells are
believed to be important in cutaneous immune surveil-
lance and tissue repair [96], and Vd1 T cells are
continuously stimulated throughout the course of HIV
infection to produce interferon-g [95]. High levels of
interferon-g can stimulate MHC expression on keratino-
cyte surfaces [29,51] and can perturb important regula-
tory events within the skin [30,39]. The selective CD4+

T-cell depletion in HIV-infected individuals might also
lead to the loss of tolerogenic control normally provided
by CD4+CD25+ regulatory T cells [97], although their
relation to susceptibility to sulfonamide-induced CDR is
unknown.

It might also be possible to address a number of
questions relevant to the pathogenesis of sulfonamide-
induced CDRs using animal models of viral infection,
whether they be animal equivalents of HIV or alter-
natives (e.g. infectious mononucleosis or herpesvirus-6)
that are associated with increased incidences of CDR
[98,99]. The response of mice, for instance, to many
drugs during acute and chronic infection with viruses,
parasites, and bacteria is uncharted territory for investi-
gation. Because viral infection has been shown to
abrogate CD8+ deletion [100], one might imagine that
a loss of deletional mechanisms could support the
stimulation of drug-speci®c T cells that are otherwise
targets of tolerance induction. More recently, Buchweitz
et al. [101..] showed that the clinical and histopatholo-
gical properties of liver injury caused by the antipsycho-
tic drug chlorpromazine in patients can be reproduced in
rats following low-dose treatment with bacterial lipopo-
lysaccharide. Although the application of this model to
CDRs is unknown, signaling of lipopolysaccharide
through CD14 might alter the cutaneous cytokine milieu
or increase the number of dermal Langerhans cells [102]
that are able to properly initiate CDRs.

Conclusion
The substantial morbidity and mortality associated with
sulfonamide-induced CDRs provides a strong impetus to
explain how and why particular drugs cause toxicity in
individual patients. Although we hope to uncover general
mechanisms, it is more likely that there are a large array of
factors that contribute to the initiation and development
of toxicity, and others that protect against these mechan-

isms (Fig. 1). If we are to better understand such diverse
pathogeneses, it is imperative that we bridge the gap
between basic laboratory and clinical research paradigms.
The continued search for animal models of idiosyncratic
toxicity [62..,63..,69..,74.,101..,103] is one such ap-
proach, particularly if it leads to the elucidation of
hypotheses (and risk factors) that can be evaluated in
patients. Alternatively, if pharmacovigilence techniques
can be improved, then skin biopsy samples might be
utilized in conjunction with genomic and proteomic
applications to uncover new and exciting areas for study.
If ethical and logistical issues can be recti®ed, then
genomic information might be gathered from each and
every person that develops a CDR, and genome-wide
analyses performed in order to search for genetic risk
factors. Together, these and other approaches should
facilitate an enhanced level of comprehension of the
complex pathophysiological mechanism(s) of sulfona-
mide-induced CDRs.
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