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Abstract

Thrombotic thrombocytopenic purpura (TTP) is a fulminant disease characterized by platelet
aggregates, thrombocytopenia, renal insufficiency, neurologic changes, and mechanical injury to
erythrocytes. Most idiopathic cases of TTP are characterized by a deficiency of ADAMTS13 (a
disintegrin and metalloprotease, with thrombospondin-1-like domains) metalloprotease activity.
Ironically, use of anti-platelet agents, the thienopyridine derivates clopidogrel and ticlopidine, is
associated with drug induced TTP. Data were abstracted from a systematic review of English-
language literature for thienopyridine-associated TTP identified in MEDLINE, EMBASE, the
public website of the Food and Drug Administration, and abstracts from national scientific
conferences from 1991 to April 2008. Ticlopidine and clopidogrel are the two most common drugs
associated with TTP in FDA safety databases. Epidemiological studies identify recent initiation of
anti-platelet agents as the most common risk factor associated with risks of developing TTP.
Laboratory studies indicate that most cases of thienopyridine-associated TTP involve an antibody
to ADAMTS13 metalloprotease, present with severe thrombocytopenia, and respond to
therapeutic plasma exchange (TPE); a minority of thienopyridine-associated TTP presents with
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severe renal insufficiency, involves direct endothelial cell damage, and is less responsive to TPE.
The evaluation of this potentially fatal drug toxicity can serve as a template for future efforts to
comprehensively characterize other severe adverse drug reactions.
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Thrombotic thrombocytopenic purpura (TTP) is a microvascular occlusive disorder
characterized by systemic or intrarenal aggregation of platelets, leading to thrombocytopenia
and mechanical injury to erythrocytes.? Conditions and factors associated with TTP include
organ transplantation, infectious diseases, and drugs.2 The most common drugs reported to
the Food and Drug Administration (FDA) in association with TTP are the thienopyridine-
derivative anti-platelet agents, ticlopidine and clopidogrel.3# Before 1999, ticlopidine was
widely used for prevention of cerebrovascular, cardiovascular, and peripheral vascular
complications and following coronary artery stent procedures.® Since 2000, owing to
concerns over ticlopidine-associated agranulocytosis, clinicians switched to clopidogrel in
these settings.> Herein, we summarize the clinical, laboratory, and epidemiological
information on thienopyridine-associated TTP.

PHARMACOLOGY

Ticlopidine and clopidogrel, thienopyridine derivatives that inhibit platelet aggregation,®
differ structurally by a carboxymethyl side group. Animal studies and /n vitro laboratory
studies indicate that ticlopidine, but not clopidogrel, is associated with bone marrow
toxicity.? As all clopidogrel metabolites contain the carboxymethyl side group, the two
drugs have no common metabolites.1? Ticlopidine and clopidogrel are administered orally,
requiring hepatic breakdown to an active metabolite to achieve /n vivoactivity. The major
therapeutic target of the thienopyridines is one of the adenosine diphosphate receptor types
on human platelets, P2Y 1,. Blockade of this receptor impairs adenosine diphosphate-
induced platelet aggregation and decreases the propensity for arterial thrombosis.

EPIDEMIOLOGY

Epidemiological investigations identified a strong association of TTP with ticlopidine (Table
1). The first cases of ticlopidine-associated TTP were identified in 1991 at an apheresis
center in Paris.1! In 1998, a survey of apheresis centers supplemented by FDA adverse event
reports identified 60 cases of ticlopidine-associated TTP; one-third had died from the TTP.12
Most patients had received between 2—12 weeks of ticlopidine.12:13 Subsequently, after the
introduction of coronary artery stent procedures, additional ticlopidine-associated TTP cases
were identified at interventional cardiology laboratories and therapeutic plasma exchange
(TPE) centers.13.14 Two surveys of interventional cardiology laboratories that had placed
coronary artery stents in 8000 and 45,000 persons identified rates of TTP after ticlopidine
administration of 1 in 1600 and 1 in 5000 patients, respectively.15:16 These findings placed
ticlopidine as the drug with the highest reported rate of TTP.

Recent investigations evaluated the association of clopidogrel with TTP. The first two cases
were identified by the directors of apheresis centers in 1998, shortly after the drug received
FDA approval.1’ In 2000, eleven cases of TTP after administration of clopidogrel were
identified at apheresis centers in six cities.1” By 2004, 37 cases of clopidogrel-associated
TTP had been reported to the FDA.2 The pharmaceutical supplier reported an estimated
incidence rate of 12 TTP cases per million clopidogrel-treated patients,® three times the
background rate for TTP in the general population.1®
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CLINICAL FEATURES

Thienopyridine-associated TTP is characterized by two clinical syndromes (Figure 1a). Most
cases of ticlopidine-associated TTP and a minority of clopidogrel-associated TTP cases
present with severe thrombocytopenia, 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 therapy. 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.31720 Both syndromes differ from those reported for
other drug-associated TTP syndromes.2 Thrombotic microangiopathy associated with the
calcineurin inhibitors gemcitabine and mitomycin-C is dose dependent, occurs after several
weeks or months of use, and is attributed to the cumulative toxic effects on vascular
endothelium.2 Renal dysfunction is generally present, with many patients requiring
hemodialysis. TPE is not effective.?2 Thrombotic microangiopathy developing after organ
transplantation is associated with calcineurin inhibitors. The most common treatment
strategy is discontinuation of the drug.2 Although quinine-associated TTP/HUS is antibody
mediated, the antibodies are directed against granulocytes, lymphocytes, endothelial cells, or
platelet glycoprotein Ib/1X or 11b/I1la complexes.?! The syndrome can occur after ingestion
of a single tablet of quinine in previously exposed persons, and is characterized by
neurologic complications, thrombocytopenia, and hemolysis. Renal failure is absent
occasionally. Treatment includes discontinuation of quinine, TPE, and hemodialysis.

PATHOPHYSIOLOGY

For most patients with ticlopidine-associated TTP and a minority of patients with
clopidogrel-associated TTP, /n vitro assessments of plasma ADAMTS13 activity show
severely diminished activity at the time of TTP onset.20 Onset of TTP occurs between 2 and
12 weeks after thienopyridine initiation (Figure 1b). Reduced /in vitro ADAMTSL13 activity
correlates with deficient ADAMTS13 activity near the surface of stimulated endothelial
cells that secrete ULVWF multimers. Plasma from six of seven patients with ticlopidine-
associated TTP and from two of eleven patients with clopidogrel-associated TTP contained
inhibitors to the ADAMTS13 metalloprotease.1”-22 Failure to process ULVWF multimers
seems to lead to the binding of ULVWEF to platelets, systemic platelet aggregation, and
TTP.23 After TPE and thienopyridine discontinuation, most patients with ADAMTS13
deficiency, anti-ADAMTS13 autoantibodies, and thienopyridine-associated TTP recover.
Plasma exchange may lead to removal of ULVWF multimers, removal of autoantibodies to
ADAMTS13, and replacement of the ADAMTS13 with that present in fresh frozen plasma.
Clinical findings also require stimulation of endothelial cells to secrete ULVWEF. Such a
double-insult model is exemplified by the ADAMTS13 knockout mouse, which requires
endothelial cell stimulation to evoke a TTP-like microvascular thrombosis.2* In genetically
predisposed individuals, thienopyridine may stimulate an autoimmune anti-ADAMTS13
antibody response and microvascular endothelial injury. Ticlopidine and clopidogrel are
protein-bound in plasma and can function as haptens capable of eliciting IgE and 19G
antibody formation.2> However, they do not directly bind to ADAMTS13 and stimulate
production of antibodies that inhibit ADAMTS13 enzyme activity. Anti-ADAMTS13
antibodies generated in a fraction of thienopyridine-treated patients do not require the
presence of the drug (or metabolite).17:22.26 Thienopyridine/anti-ADAMTS13 antibodies are
analogous to warm auto-antibodies against red blood cell antigens that emerge in a subset of
patients treated with the antihypertensive agent, a-methyldopa.2’ Binding of thienopyridines
to P2Y 1, molecules on different cell types may, in a fraction of exposed individuals, initiate
anomalous intracellular signaling patterns or provoke antibody production against the
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haptenic thienopyridine—P2Y 1, protein complex on cell surfaces. Malfunction or injury to
lymphocytes, CD34 + stem cells, or endothelial cells may result.

For most clopidogrel-associated and a minority of ticlopidine-associated TTP patients, the
syndrome is characterized by mild thrombocytopenia, microangiopathic hemolytic anemia,
and marked renal insufficiency.2928 Onset of TTP is generally within 2 weeks of
thienopyridine initiation (Figure 1a). Most cases have ULVWEF in their plasma and near-
normal levels of plasma ADAMTS13 metalloprotease activity during the acute phase of the
syndrome, suggesting endothelial cell injury or stimulation with release of ULVWF.20
Thienopyridines may bind to P2Y 1, receptors (with or without anti-thienopyridine
antibodies) on CD34 + stem cells, altering cell proliferation and differentiation. Interaction
of thienopyridines with endothelial cells has been shown to result in nitric oxide and
possibly prostacyclin (PGl,) generation.2%30 At least some thienopyridine binding to human
endothelial cells is likely to be through the P2Y 1, receptors on these cells. In a few
thienopyridine-treated patients, the endothelial cell response to the thienopyridine (with or
without antibody) attachment may be a combination of cell injury, excessive secretion of
ULVWF multimeric strings, or apoptosis.23

All patients who develop thienopyridine-associated TTP should have prompt plasma
exchange.1:312.17.31.32 plasma exchange is continued until the goals of resolution of
neurologic symptoms, improvement of LDH to near normal, and achieving and maintaining
for 2-3 days a platelet count of 150,000/mm? are achieved.33 After this, plasma exchange
may be either discontinued or reduced in frequency.32 Among thienopyridine-associated
TTP patients who have antibody-mediated ADAMTS13 deficiency, a few days of plasma
exchange are required. Although patients generally recover without permanent organ
damage, a spontaneous relapse occurs occasionally. Among thienopyridine-associated TTP
patients without autoantibodies against ADAMTS13, several weeks of plasma exchange are
often required and spontaneous relapses are rare.314.17.20 One report describes a patient with
a drug-eluting coronary artery stent who developed TTP within days of clopidogrel
initiation. After the TTP resolved with TPE and clopidogrel discontinuation, the patient was
re-challenged with ticlopidine and did not experience a TTP relapse.3

CONCLUSIONS

Thienopyridine-associated TTP has served as the focus of intensive scientific investigation
over the past two decades.12:14.15.17.20,22,23,26,35.36 A with idiopathic TTP, most
thienopyridine-associated TTP cases are associated with auto-antibodies that inhibit the
plasma metalloprotease, ADAMTS13. For these individuals, TTP onset usually occurs
within 2-12 weeks after initiation of ticlopidine (rarely clopidogrel) and resolves rapidly
with TPE. For a minority of cases of thienopyridine-associated TTP, autoantibodies directed
against ADAMTS13 metalloprotease have not been implicated. For these persons, the
syndrome occurs within 2 weeks of initiating clopidogrel (rarely ticlopidine) and is less
responsive to TPE. Prominent warnings in FDA-approved labels for ticlopidine and
clopidogrel describe clinical findings, and the importance of timely initiation of plasma
exchange for patient who develop this toxicity. The clinical, laboratory, and epidemiological
evaluation and related pharmaceutical safety interventions for thienopyridine-associated
TTP can serve as a template for future efforts to investigate and protect patients against
harm from other severe adverse drug reactions.
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Time to onset

Clopidogrel (n=35)

Ticlopidine (n=93)
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Time to onset

[

ADAMTS13 deficient (n=26)

ADAMTS 13 non-deficient
(n=13)

T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50
Days

Figure 1. Duration of thienopyridine exposure prior to TTP onset

(a) Thienopyridine-associated thrombotic thrombocytopenic purpura (TTP) onset:
ticlopidine versus clopidogrel (P=0.0016). (b) Thienopyridine-associated TTP onset:
ADAMTS13 (a disintegrin and metalloprotease, with thrombospondin-1-like domains)
deficient (< 15%) versus near-normal levels (> 15%) of ADAMTS13 activity (P> 0.05).
This figure has previously been published in Bennett ef a/.2°
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Comparison of basic science, epidemiological, clinical, and pharmacovigilance findings for ticlopidine- versus

clopidogrel-associated TTP

Category

Ticlopidine-associated TTP

Clopidogrel-associated TTP

Basic science®

Probable underlying pathophysiology

High molecular weight VWF identified during the acute
TTP phase

ADAMTS13 deficiency during the acute TTP phase

Functional IgG inhibitors to ADAMTS13 identified
during acute phase

ClinicaP®
Usual time period for onset
Renal insufficiency
Thrombocytopenia

Survival after plasma exchange

Survival without plasma exchange
Spontaneous relapse

Likelihood of relapse occurring with exposure to the
other thienopyridine

Epidemiological

Epidemiological studies identifying cases of TTP after
thienopyridine administration

Estimated incidence based on information included in
the FDA-approved package insert

Population-based case—control studies

Pharmacovigilance

Number of thienopyridine-associated TTP cases
identified in the first year of marketing of the relevant drug

Number of cases included in the largest case series

Year of FDA approval

Time from FDA approval to identification of first cases
Time from FDA approval to reporting of first case series

Rank in FDA MedWatch database in association with
drug-associated TTP reports (1998-2006)

Advisories from the FDA

‘Dear Doctor’ warnings describing drug-associated TTP
mailed by the pharmaceutical supplier

Antibody to ADAMTS13 and
microvascular endothelial cell
damage

Yes

Yes
Yes

Two to 12 weeks after drug initiation
Mild to none
Severe

>90%, usually within days of
initiation of plasma exchange

30%
Occasional
High

Surveys of directors of interventional
cardiology laboratories as well as
directors of therapeutic plasma
exchange centers (7=33 cases)26:2

0.01-0.02%°7

None

4 (year=1991)11

98 patients!4

1991 (current sales are $100,000)°
0 years (4 cases) (1991)

7 years (1998)

First—overall (first in the years 1998
and 1999)

Package insert warning (1995)4°
Black box warning (1998)37
1998

Microvascular endothelial cell damage

Yes

No
No

Within 2 weeks of drug initiation
Severe
Mild

70%, often takes several weeks of
plasma exchange

70%
Infrequent

Low

Surveys of directors of therapeutic
plasma exchange centers (/7=13
cases)>3!

0.0001%!8 (threefold greater than
estimated incidence of idiopathic TTP)
Recent initiation of anti-platelet agents
(clopidogrel, aspirin, or dipyridamole)
is associated with 19.8-fold increased
risk of developing TTP (/=86 cases;
177 age- and gender-matched
controls)*!

2 (year=1999)38:39

50 patients®

1998 (current sales are $7.3 billion)®
1 year (2 cases) (1999)

1.5 years (2000)

Second—overall (first since 2000)

Package insert warning (2000)!8

2000
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ADAMTS13, a disintegrin and metalloprotease, with thrombospondin-1-like domains; FDA, Food and Drug Administration; TTP, thrombotic
thrombocytopenic purpura.
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