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The role and importance of thienopyridines such as ticlopidine, clopidogrel, and prasugrel is well-established for
several indications, ranging from prevention of acute coronary syndromes to percutaneous coronary interventions,
where the dual antiplatelet therapy represents the gold standard to avoid de novo coronary stenosis. However, there
is a significant cohort of patients with coronary artery disease who may manifest hypersensitivity reactions to
thienopyridines. The examination of the various case reports from medical literature leads to identify mainly four
clinical patterns of hypersensitivity to thienopyridines which involves more frequently cutaneous, hematologic,
and articular tissues, therefore the kind and predominance of clinical symptoms may determine a different clinical
approach to overcome or neutralize thienopyridines hypersensitivity.
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1. Introduction

Thienopyridines (THPs) are powerful inhibitors of platelet aggrega-
tion induced by adenosine diphosphate (ADP). ADP is a platelet activator
released by red blood cells, activated platelets, and damaged endothelial
cells. APD is able to induce platelets activations and aggregation through
its binding to two P2 receptors, which show two separate subtypes, the
P2X1 and the P2Y1 [1]. THPs exert their antiplatelet effect by irreversibly
binding with trans-membrane protein P2Y, so inhibiting ADP-mediated
platelet activation for the life of the platelet [1].

THPs are currently used and highly recommended in patients under-
gone to coronary stents implantation to avoid stent thrombosis, indeed
dual antiplatelet therapy with aspirin and a thienopyridine is the gold
standard used in the neuroendovascular setting of intra-arterial stent
placement [2].

The family of thienopyridines (THPs) includes essentially three mole-
cules: the first-generation ticlopidine, the second-generation clopidogrel,
and the third-generation prasugrel. THPs are pro-drugs which require
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hepatic metabolism to be converted in their pharmaceutically active
form, although the metabolic pathway is different for every THP [3,4].
The active metabolite of ticlopidine and clopidogrel contains a thiol
group able to bind irreversibly to free cysteine on P2Y1 receptor,
inhibiting permanently the receptor activity [3]. Moreover, such
metabolites bind also to other proteins such as glutathione and hepatic
cytochrome P450 [3].

All the three THPs are quite similar in their chemical structures,
being clopidogrel different from ticlopidine for a carboxymethyl side
group. Interestingly, all the metabolites of clopidogrel maintains the
carboxymethyl ester group or have a carbocylic acid group, so they are
structurally different from ticlopidine metabolites. In the same way,
prasugrel contains a cyclopropyl group and a fluorine atom conjugated
to the phenyl group instead of chlorine atom as in clopidogrel and
ticlopidine. Similarly to the clopidogrel, the cyclophenyl group is main-
tained by prasugrel metabolites, too. Prasugrel has been developed be-
cause clopidogrel has shown some limitations, such as interpatient
variability in antiplatelet response and delayed onset of action [4].
Prasugrel is more active and powerful of clopidogrel and its activation
is less dependent from cytochrome P450 enzyme than clopidogrel [5],
but several important differences exist in the pharmacokinetic and
pharmacodynamic profiles of the THPs.
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THPs may induce hypersensitivity reactions which make harder the
treatment of patients undergone to a recent placement of coronary
stents because the cessation of these drugs is associated to a very high
risk of stents thrombosis; for that reason, it is fundamental to recognize
and treat properly a THP hypersensitivity.
2. Clinical pictures of thienopyridines hypersensitivity

From a careful review of literature, it has been observed that THPs
may inducedifferent hypersensitivity reactionswhich can be essentially
distinguished in:

Type H (hematologic)
Type E (epidermal)
Type R (rheumatologic)
Overlap type SHORES (systemic/hematologic/organ-related/
epidermal symptoms)

2.1. Hypersensitivity Type H (hematologic)

Hematologic reactions are represented mainly by leucopenia [6,7],
isolated thrombocytopenia [8], aplastic anemia [9,10], that eventually
may have a fatal outcome [10,11], or idiopathic immune thrombocyto-
penia. Although such side effectsmay have a hypersensitivity pathogen-
esis, a toxic component cannot be excluded [8].

Sometimes the hematologic adverse reaction may result in a pancy-
topenia involving platelets, leucocytes, and red blood cells [11,12].

The severity of these cytopenias is not dose-dependent, the lapsing
time to the onset is about 4–10weeks, and themarrow failure is revers-
ible, but it is usually complicated by infectious episodes, sometimes life
threatening or fatal.

The most reported and dangerous hematologic hypersensitivity
syndrome is represented by thrombotic thrombocytopenic purpura
(TTP), a life-threatening multisystem disease characterized by throm-
bocytopenia, microangiopathic hemolytic anemia, fever, neurologic
manifestations as fluctuating mental status, and acute renal deficiency.
Although it may be idiopathic, many drugs have been associated with
such syndrome. Its cause seems to be related to autoantibodies against
a vital metalloproteinase enzyme referred as ADAMTS13 (A Disintegrin
And Metalloproteinase with Thrombo-Spondin motifs 13) that degrades
von Willebrand factor. Impaired proteolysis of von Willebrand factor
(vWF) leads to the binding of unusually large multimers to platelets
so resulting in platelet microthrombi. Drug-associated TTP represents
about 12% of all cases and drugs may cause TTP via two mechanisms: a
dose-related toxicity and/or an immune-mediated reaction [13].

Thienopyridine-associated TTP is characterized by two clinical syn-
dromes. Most cases of ticlopidine-associated TTP and a minority of
clopidogrel-associated TTP cases present with severe thrombocytope-
nia, microangiopathic hemolytic anemia, markedly elevated serum
levels of lactate dehydrogenase, and normal renal function, and they
occur between 2 and 12 weeks after initiation of thienopyridine thera-
py, while most cases of clopidogrel-associated TTP and a minority of
ticlopidine-associated TTP cases present with mild thrombocytopenia,
microangiopathic hemolytic anemia, mildly elevated serum levels of
lactate dehydrogenase, and marked renal insufficiency. Onset usually
occurs within 2 weeks of thienopyridine initiation [14].

Two mechanistic pathways for thienopyridine-associated TTP have
been suggested: an immunologic pathway associated with more than
2 weeks of thienopyridine use and a non-immunologic pathway associ-
ated with 2 weeks or less of thienopyridine use [14].

It has been evidenced that ticlopidine-related TTP is more likely to
occur after at least 2 weeks of therapy, to be associated with low
ADAMTS13 levelswith demonstrable autoantibodies, and itmay benefit
from plasma exchange therapy. Clopidogrel-induced TTP tends to occur
within the first 2 weeks of treatment, is less likely to be associated with
low ADAMTS13 levels and autoantibodies, and is less likely to benefit
from plasma exchange [15].

Although patients with ticlopidine- and clopidogrel-associated
TTP are similar in age and sex, they differ significantly in duration
of thienopyridine exposure prior to the onset of TTP: patients with
ticlopidine-associated TTP are more prone to have assumed more
than 2 weeks of a thienopyridine before TTP and they show a more
severe thrombocytopenia (platelet count b20% from baseline) but
less likely to have renal insufficiency [15].

The presence of IgG autoantibodies against ADAMTS13distinguishes
TTP from related syndrome, including hemolytic–uremic syndrome
[16] and these inhibitory antibodies are found in 44% to 93% of patients
with acquired TTP so they are reputed to be deeply involved in its
pathogenesis [17].

2.2. Hypersensitivity Type E (epidermal)

On the contrary, cutaneous allergic reactions are more common and
they show a great range of clinical aspects, but usually they are not so
serious and life-threatening as hematologic reactions , although they
may cause interruption of THPs therapy.

Various studies have investigated the clinical patterns of THPs
cutaneous allergy. One of the studies was performed retrospectively
on 136 patients underwent coronary or saphenous graft stent implanta-
tion receiving 250 mg ticlopidine twice daily [18]. Authors identified
surely 16 patients with a cutaneous rash, induced by ticlopidine, 6
patients showed an urticarial-like eruption, 8 patients had an erythema-
tous maculopapular rash, 1 patient had a fixed drug eruption, and the
last patient showed amixed rash, bothmaculopapular and urticarial [18].

Another study performed on 24 patients who had developed an
allergic reaction to clopidogrel showed that themost commondermato-
logic eruption was a pruritic maculopapular erythematous confluent
rash starting on the trunk or face and subsequently spreading to the
extremitieswhile urticariawas observed in 17% of patients [19]. Allergic
symptoms generally manifest 6 days after exposure to clopidogrel, but
they can occur within 24 h. [19].

Then Lokhawala et al. examined 76 patients with an allergic or
hematologic adverse reaction to a THP. They observed that 93% had
a rash, 5% had angioedema, 4% had thrombocytopenia, and 3% had
neutropenia [20].

Recently, Cheema et al. [21] evaluated 62 patients on a group of 84
patients with suspected clopidogrel hypersensitivity. They identified
about 3 distinct clinical patterns of cutaneous allergy to clopidogrel:

1) a first group of 49 patients (79%) had developed a generalized
pruritic exanthema or maculopapular rash predominantly affect-
ing the trunk, with or without involvement of the upper and
lower extremities. The rash was limited to the chest, abdomen,
and back in 40 patients (65%) and extended to extremities in 9
patients (15%);

2) a second group was represented by 10 patients (16%), in whom the
rash limited to localized area in a focal and symmetrical manner.
These reactions involved neck, face, back, axilla, palm of the hands,
or soles of the feet;

3) lastly, the third group consisted 3 patients (5%)with urticaria and/or
facial angioedema [21]. Moreover, two patients reported symptoms
of fever and arthralgia even [21]. Urticaria/angioedema rarely show
an immediate onset [20,21].

Other unusual cutaneous hypersensitivity reactions are represented
by fixed drug eruption to ticlopidine [22,23] and to clopidogrel [24].
Acute generalized exanthematous pustolosis (AGEP) induced by
ticlopidine [25] and, above all, by clopidogrel [26–29] is usually the
most serious adverse cutaneous reaction associated to thienopyridines
assumption, because cases of Steven Johnson syndrome/toxic epidermal
necrolysis have been exceptionally reported in literature [30,31] or have
been doubtfully attributed to THPs [32].
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Moreover, there is no report that ticlopidine may cause a photosensi-
tive reaction but a photosensitive lichenoid eruption due to clopidogrel
has been described [33] as a single case report of erythroderma, always
caused by clopidogrel [34].

In the same way, no case report of THPs-induced anaphylaxis has
been described in literature, although an IgE-mediated mechanism has
been suggested by skin tests [35]. Most of the patients with urticaria/
angioedema display those symptoms hours after clopidogrel exposure
[21]. Such a delayed onset may be dependent from two different rea-
sons. Firstly, although the clinical aspect seems to be the typical picture
of an immediate-type reaction, the mechanism is cell-mediated as
sometimes demonstrated for systemic corticosteroids, which may in-
duce urticarial-like contact dermatitis [36]. Alternatively, the delayed
onset of symptoms could be due to the metabolic transformation of
the THP pro-drug with a specific IgE-mediated response only toward
the THP active metabolite, as it has been described for cyclophospha-
mide, too [37]. Furthermore, actually no specific IgE to THPs has been
isolated in vitro, probably because in vitro tests should be performed
with the metabolites of THPs and not with the commercial native
formulation. Additionally, it has been shown that approximately 85%
of a THP as clopidogrel's initial dose is metabolized to an inactive
thiolactone derivative [38] and that may explain why no IgE-mediated
anaphylaxis to THPs has been reported since such a drug metabolism
avoids a fast and high serumconcentration of the activemetabolite, nec-
essary to elicit an anaphylactic response.

2.3. Hypersensitivity Type R (rheumatologic)

Arthritis associated to THPs has been firstly reported back to 2000
following the assumption of ticlopidine [39] and clopidogrel [40].
Then other case reports of clopidogrel-induced polyarthralgia have
been evidenced in literature [21,41–46]. Autoantibodies were absent
except for 1 case with low positive levels of antinuclear antibodies
[42], while an elevated level of serum immunoglobulin E was reported
in 1 case [45].

Polyarthritis induced by thienopyridines can be explained as a
manifestation of a serum-sickness-like disease [47], althoughpolyarthritis
is not present in case of clopidogrel-induced leucocytoclastic vasculitis
[48,49].

Alternatively, because ADP receptor P2RY12 plays a role in bone
homeostasis [50], the use of thienopyridines seems to be a worsening
factor of arthritis in rats with a chronic, erosive, and recurrent experi-
mental polyarthritis induced by peptidoglycan–polysaccharide injected
intraperitoneally [51]. In such an experiment, rats treated with
clopidogrel had increased joint diameter, showed elevated plasma
levels of pro-inflammatory cytokines, both to an elevated neutrophil
count, and an increased platelet count compared to untreated rats
[51].

So the administration of THPs may induce the onset of mono- or
pauci arthritis in animal models and it seems to be a class-related side
effect because prasugrel has demonstrated to aggravate erosive arthritis
in experimental rats even [52].

However, in human beings, polyarthritis may be a true manifesta-
tion of a Coombs and Gell-III-type hypersensitivity reaction which
disappears when changing the culprit thienopyridine molecule with
another one [46,53–56]. Lastly, a lupus-like syndrome with antinuclear
antibody (ANA) title positive and sometimes renal involvement has
been described following ticlopidine consumption only [57–62].

2.4. Overlap Hypersensitivity Type SHORES (systemic and/or hematologic
and/or organ related and/or epidermal symptoms)

There is a further pattern of thienopyridines hypersensitivity
syndrome, in which cutaneous allergic manifestations, different from a
purpuric eruption, are associated with hematologic abnormalities as
pancytopenia, while systemic symptoms, as fever, for instance, may be
present [63–65]. Abdominal pains and pulmonary involvement may
occur too [66–69]. Although drug-induced hepatitis with cholestasis
due to thienopyridines has been reported in literature [70–73], such
adverse effect was attributed to toxic mechanisms because these
drugs undergo to hepatic metabolism by cytochrome P450 [1] and
experimental studies in rat liver seems to confirm such toxic effects of
THPs [74]. However, it has been estimated that 40% of thienopyridines-
induced hepatitis are genuinely immune-mediated in their pathogenesis
because the interaction of reactive clopidogrel metabolites with other
proteins than glutathione also leads to the formation of neoantigens
that could possibly trigger an immune response in the liver [75]. Such a
hypothesis is confirmed by various evidences: 1) a hypersensitivity
T-cell-mediated mechanism has been evidenced by a lymphocyte trans-
formation test in drug induced hepatitis [76], 2) hepatitis may regress
following a corticosteroid therapy [77], 3) associated systemic symptoms
of hypersensitivity are often present [78–82], 4) hepatic granulomas have
been found in human liver biopsies [69,83] and in experimental rats [52],
so suggesting an immune-allergic response to TPHs 5) HLA-A*33:03 was
significantly associatedwith ticlopidine-induced cholestatic liver injury in
Japanese patients [84]; 6) hepatitis may be accompanied by ANA posi-
tivity [85] or by eosinophils and lymphocytes infiltrates in the hepatic
tissue [74,83]; 7) hepatic symptoms may disappear switching from a
thienopyridine to another one, suggesting a specific immune response
and not always a class-related side effect: clopidogrel has been success-
fully used in three patients with ticlopidine-induced hepatotoxicity [86,
87], and prasugrel has been substituted to clopidogrel in case of
clopidogrel-induced acute hepatitis [88]. Furthermore, there are recent
reports according to which clopidogrel has caused a Kounis syndrome,
that is a cutaneous hypersensitivity associated to myocardial ischemia
as given to prevent coronary stent thrombosis [89]. Paradoxically,
clopidogrel has induced allergic reaction and subsequently a recurrent
acute stent thrombosis with Kounis syndrome, despite it has been ad-
ministered to avoid stent occlusion in coronary vessels [90]. A particular
pattern of type SHORES reaction is the systemic inflammatory response
syndrome (SIRS). It is a clinical response to a nonspecific insult of either
infectious or noninfectious origin so it can be caused by ischemia,
inflammation, trauma, infection, or several insults combined and excep-
tionally by drugs as THPs [82,91–93]. A drug-induced SIRS to THPs is
possible because it has been suggested that P2Y may be expressed in
other cells of the immune system such as lymphocytes, monocytes,
and dendritic cells rather than platelets [94,95] and that could induce
an increased pro-inflammatory effect from THPs resulting rarely in
such a general systemic inflammatory response.

3. Pathogenetic mechanisms of thienopyridines hypersensitivity

Park et al. have demonstrated that for some drugs the process
of haptenation is strictly linked to their bioactivation: the drug is a
pro-hapten needing to be metabolized and turned in a reactive metabo-
lite by the enzymatic pathways of specific cells. In that form, it is more
likely to bind irreversibly with certain proteins residues, thus becoming
a complete antigen. Furthermore, the accumulation of such reactive
metabolites, which frequently are toxic compounds, provides the “danger
signal,” necessary to generate a specific immune response. The same re-
searchers have suggested that tissues where the metabolic bioactivation
occurs are at a greater risk to become the target organ by an immune
response and not only by a toxic reaction [96]. Liu and Uetrecht have
evidenced and confirmed in vitro that ticlopidine can be oxidized by
neutrophil granulocytes myeloperoxidase (MPO) to a reactive tiophene-
S-chloride derivative, probably responsible for bone marrow toxicity,
but surely associated with neutropenia [97]. Because thienopyrines's
toxic effects on human neutrophil granulocytes and lymphocytes [98]
and on liver, through the generation of metabolites carrying highly
reactive mercapto-groups [75], have been confirmed by in vitro studies,
it was not a surprising result that hypersensitivity reactions from THPs
may involve more frequently blood cells and hepatocytes. The skin is
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often involved in most of the hypersensitivity reactions because it pos-
sesses its own enzymatic activity which may activate a pro-hapten-type
contact allergen and an iatrogenic pro-hapten even [99]. Cheema inves-
tigated THPs hypersensitivity through patch testswith clopidogrel (20%
in petrolatum alba and 30% in water), ticlopidine (75% in water), and
prasugrel (5% in water) with delayed reading 48 and 72 h after their
applications in 62 patients [21]. In his study, patch testing was positive
in 81% of tested patients with clopidogrel hypersensitivity [21]. The
long-standing of the drugs on the skin of sensitized patients allowed
their bioactivation by skin enzymatic pathways [99], so leading to a
specific cell-mediated immune response by drug selected T-cells [96].
Another aspect involving THPs hypersensitivity is the possibility of
allergic cross-reaction among the different THP molecules. It has been
evidenced firstly between ticlopidine and clopidogrel in some case
reports [34,100], even in severe cutaneous adverse reactions [34] and
in an investigation on a little cohort of patients [20] and between
clopidogrel and prasugrel even [101]. However, the study of Cheema
et al. [21] was the first to include prasugrel extensively and patch
tests demonstrated allergenic cross-reactivity between ticlopidine
and clopidogrel in 10 (24%), clopidogrel and prasugrel in 7 (17%), and
among clopidogrel, ticlopidine, and prasugrel in 3 (7%) of the tested
patients, because contemporary cross-reactivity among ticlopidine,
clopidogrel, and prasugrel had not been investigated previously.
Because Pichler had already suggested that in cell-mediated drug reac-
tions, drug-specific T lymphocytes aremore likely to recognize the drug
core structure, which is commonly shared with its derivatives [102],
allergic cross-reactivity towards all the three THPs seems to have an
incidence lower than expected on the basis of the narrow similarity of
their basic stereo-chemical structure.

4. Management of thienopyridines hypersensitivity

Useful management strategies have been elaborated to overcome
THPs hypersensitivity in sensitive patients without stopping the drug
assumption and they consist mainly in three approaches: 1) pharmaco-
logical premedication with a course of oral tapering steroids and anti-
allergic drugs; 2) drug desensitization; 3) substitution of a thienopyridine
molecule with another one, although unpredictable immunologic cross-
reactivity may occur in some cases or with another anti-coagulant drug
[103,104]. However, only the first approach allows to continue THP
assumption, because either drug desensitization or administration of an
alternative antiplatelet THP or drug requires a wash out period because
THP therapy needs to be interrupted until symptoms resolution. Then,
in the light of our proposed classification of THPs hypersensitivity, the
management strategies should be adapted to the type of hypersensitivity.
Pharmacological premedication for instance has got some limitations:
firstly, it may be used to treat onlymild ormoderate cutaneous reactions,
and probably in type R reactions, but surely it cannot be used on a severe
cutaneous adverse reactions like AGEP or Steven Johnson syndrome, as
evidenced by the same authors [21,105] or in type H hypersensitivity.
As far as drug desensitization is concerned, although various protocols
for clopidogrel [104,106] and prasugrel [107] have been elaborated, how-
ever, the desensitization strategy seems to show the same limitations of
pharmacological premedication: it cannot be used in case of a severe hy-
persensitivity reaction or in hematologic reactions, indeed the European
Academy Allergy Clinical Immunology (EAACI) position paper on slow
drug desensitization recommends to avoid that procedure in serious
hypersensitivity reactions because of the risk of a fatal evolution [108].
Thus, the substitution of the culprit THP molecule with another one
remain the more efficacious solution and in literature are reported the
step-down from the second-generation THP back to ticlopidine
[27,109] or the switch therapy towards the third-generation prasugrel
[110–113], especially in type E and in type R hypersensitivity [46,
53–56], more rarely in type SHORES reactions [88–90] and anecdotically
in case of type H adverse events, too [114,115]. Although prasugrel has
been introduced recently on themarket, it has caused cutaneous eruption,
such as generalized skin rash, too, and the clinical presentations are very
similar to the clopidogrel rashes [116-118]. In that case, clopidogrel has
been successfully administered as an alternative to prasugrel without
any signs of further hypersensitivity in some reports [117]. Skin tests
may be helpful to predict potential cross-reactivity among the various
THP molecules, but they can be carried out in type E hypersensitivity
mainly. Recently, a newantiplatelet agent, tigacrelor, has been introduced
on pharmaceutical market. Ticagrelor does not require metabolic activa-
tion for antiplatelet activity and binds reversibly to the P2Y12 receptor
[119]. Ticagrelor is a direct-acting oral antagonist of the adenosinediphos-
phate receptor P2Y12, providing faster, greater, and more consistent
P2Y12 inhibition than clopidogrel [119]. Moreover, being ticagrelor a
cyclopentyl–triazolo–pyrimidine, that is a new chemical class of anti-
platelet agents, its chemical structure should be apparently different
from thienopyridines [119], enough to avoid allergic cross-reactivity
phenomenon. Thus, tigacrelormay represent a valuable alternativemole-
cule in case of THPs hypersensitivity, and, above all, in case of extensive
allergic cross-reactivity to THPs, as suggestedby somepreliminary reports
[120–122], but much more studies are required to confirm its security
profile in THPs-sensitive patients.
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