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-... Thi.nopyridinelnduced TTP
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Thrombotic thromborytopenic purpura (TTP) is a life-threat-
ening condition thought to be caused by microthrombi depo-
sition in arterioles and capillaries of tissues.l The
thienopyridine derivatives (ticlopidine, clopidogrel, and pra-
sugrel) are associated with large numbers of cases olTTP. An
association of TTP with ticlopidine was flrst reported in 1991

(one year after the drug received regulatory approval for
marketing), an association with clopidogrel was identified in
2000 (2 years after regulatory approval was received), and 14
cases ofprasugrel-associated TTP were reported in 2009 and
2010 (following regulatory approval of this agent in20O9).2-12
Although we have reported extensive information on ticlopi-
dine- and clopidogrel-associated TTP cases, inlormation on
prasugrel-associated TTP has not been reported previously, nor
have studies of thienopyridine-associated TTP reported by
other researchers been reviewed.8.l3 We comprehensively
reviewed data on thienopyridine-associated TTP.

Methods

A systematic review of articles on thienopyridine-associated
TTP identifled in MEDLINE was conducted (search years, 1991

lo 2011; MeSH terms TTB ticlopidine, clopidogrel, and prasu-
grel) (-p;9. I ). Articles were excluded if reported information
was included in prior publications. Phase III clinical trials that
reported serious adverse event rates associated with thieno-
pyridines were also included. A total of 138, 67, and 1 articles
including information on ticlopidine-, clopidogrel-, and prasu-
grel-associated hematologic toxicities, respectively, were iden-
tified. Of these, 29 articles included detailed information on
clinical, epidemiologic laboratory studies for thienopyridine-
associated TTP. Two-thirds of the publications are from our
group. Inforination on safety, epidemiology, clinical studies,
and laboratory analyses on thienopyridine-associated TTP
from our group and others were reviewed (-Tables 1 and 2).

Adverse event case information sources included U.S. Food
and Drug Administration (FDA) databases and physician sur-
veys. The FDA database, FDA Adverse Event Reporting System
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Thienopyridineierivatives (ticlopidine, clopidogrel, and prasugrel) are the primary antiplate-
let agents. Thrombotic thrombocytopenic purpura (TTP) is a rare drug-associated syndrome,
with the thienopyridines being the most common drugs implicated in this syndrome. We
reviewed 20 years of information on clinical, epidemiologic, and laboratory findings for
thienopyridine-associated TTP. Four, 1 1, and 'l 1 cases of thienopyridine-associated TTP were
reported in the firstyear of marl<eting of ticlopidine (1989), clopidogrel (1998), and prasugrel
(201 0), respectively. As of 201 1 , the FDA received reports of 97 ticlopidine-, 1 97 clopidogrel-,
and 14 prasugrel-associated TTP cases. Severe deficiency of ADAMTS-I3 (a disintegrin and

metalloproteinase with a thrombospondin type 1 motil member 13) was present in 80% and

antibodies to 100% of these TTP patients on ticlopidine, 0% of the patients with clopidogrel-
associated fP h < 0.05), and an unknown percentage of patients with prasugrel-associated

TTP. TTP is associated with use of each of the three thienopyridines, although the mechanistic
pathways may differ.

(AERS), was interrogated flor the years 1998 to 2011. Informa-
tion on cases of ticlopidine- and clopidogrel-associated TTP

was obtained from surveys of therapeutic plasma exchange
centers and TTP referral practices in eight cities.8,1 3 Causality
was assessed with the validated World Health Organization
(WHO) scale. Using this scale, a causal relationship is catego-
rized as certain if the clinical event of interest occurs in a
plausible time relationship to drug administration, cannot be
explained by concurrent disease or other drugs or chemicals,
the event improves with dechallenge and recurs with rechal-
lenge, the response to drug withdrawal is clinically plausible,
and the event is definitive pharmacologically or phenomeno-
logically. This analysis has not been reported in previous
reviews of thienopyridine-associated TTP.

Thienopyridine-associated TTP rates were derived from
one survey of directors of six therapeutic plasma exchange
centers reported by our group and a second survey of nine
interventional cardiology centers reported by Steinhubl
et al,e'l4 phase III clinical trial reports,ls-22 

"n6 
analyses of

insurance claim files and group practice databases.23,24

As reported in our 2007 and 2009 reviews,8,l3 plasma

samples obtained from patients with thienopyridine-associated
TTP included in the Surveillance Epidemiology and Risk Factor
for TTP (SERF{TP) project were evaluated f,or ADAMTS-13 (a
disintegrin and metalloproteinase with a thrombospondin type
1 motif, member 13) activiry as measured with standard
assays.2s The inhibitory activity of the autoantibodies was
determined by miing TTP plasma samples at various dilutions
with normal plasma and measuring proteinase activity of the
mixture, as previously reported and described.26

Results

FDA Adverse Event Reports Database and FDA-
Approved Case lnformation Disseminated by Product
Manufacturers
A literature review ofall drugs associated with TTP, conducted
in 2001, estimated that clopidogrel accounted for 8% of all



279 articles identified in MEDLtNE, EMBASE,
the public website ofthe FDA and abstracts
from national scientific conferences from
1991 to 2011 using terms: Tfp, ticlopidine,
clopidogrel, and prasugrel

Articles were excluded if they were
in a language other than English and
ifthere were duplicates (n = 64)

215 articles reviewed

138 articles on ticlopidine-associated TTp 57 articles on clopidogrel-associated TTp

Thienopyridine-lnduced TTP Jacob et al. 847

Fig. 1 Search strategy for data sources included. FDA, U.S. Food and Drug Administration; TTp, thrombotic thrombocytopenic purpura.

Table 1 Data sources for thienopyridine-associated TTp

Abbreviations: ADAMTS-I3, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member.l3; FDA, U.S. Food and Drug
Administration; TTB thrombotic thrombocytopenic purpura.

Articles were excluded ifthey did not
include details on pharmacology,
epidemiology, laboratory or basic
science studies related to
thienopyridine-associated TTP fn =
t76)

Data source Ticlopidine-associated TTP
case5

Clopidogrel-associated TTP
cases

Prasugrel-associated TTP
cases

Literature review (1 991 -201 1 ) 21 publications 8 publications 0 publications

FDA Adverse Event Reporting
System (1998-2011)

97 cases, 10 reported since
2002

197 cases, 140 reported since
2002

1 4 cases

Phase lll clinical trials
(r e8s-201 0)

One TTP case reported among
2,932 ticlopidine-treated
patients

NoTTP cases reported among
27,961 clopidogrel-treated
patients

No TTP cases reported
among i,769
prasug rel-treated patients

FDA-approved package inserts
(1 s8e-201 1 )

1996r warning added; 1998-
"boxed" warning added

2000: warning added 20.10: warning added
,

Surveys of therapeutic plasma
exchange center and
interventional cardiology
laboratories (1 998-1 999)

Five TTP cases among 8,000
ticlopidine treated patients
and nine TTP cases among
45,000 ticlopidine-treated
patients

Nine clopidogrel-associated
TTP cases identified

Not done

Administrative databases
('ree8-2001)

Two cases of ticlopidine-asso-
ciated TTP identified among
15 million person-years of
observation

One case of clopidogrel-
associated TTP identifi ed
among I5 million
Person-years of observation

Not done

Laboratory-based study
(2006-2008)

100% of 30 ticlopidine-associ-
ated TTP cases had neutraliz-
ing antibodies to ADAMTS-I3
and < 10% ADAMTS-I3
activity

0% of eight clopidogrel-
associated TTP cases had
neutralizing antibodies to
ADAMTS-13 or <10%
ADAMTS-I3 activity

Not done

Queries of medical personnel
employed by thienopyridine
manufacturers

No cases reported (1998) One case was reported by an
employee of the manufactur-
er of clopidogrel and one case
was reported by an employee
of the manufacturer of
ticlopidine (1999)

To be determined (201 1)



Table 2 SummarY of findings

Ticlopidine (EMA aPProval in
1989; FDA apProval in 1991)

Clopidogrel (FDA aPProval in
1 9e7)

Prasugrel (FDA aPProval in
200s)

Systematic literature review
(2001 )

Ticlopidine was the leading
cause of drug-induced TTP

cases ('l 2% of cases)

Clopidogrel accounted for 8%

of all drug-induced TIP cases,

second only to ticloPidine

No case of prasugrel-
associated TTP is described
in the literature

Adverse events rePorted in
the FDA Adverse Event

Reporting SYstem database
(1 ee8-201 1 )

1989-200.1 (87 TTP cases);

since 2002 (1 0 TTP cases);

overall, ticlopidine is the fifth
most frequent drug
associated with TTP

1998-2001 (57 TTP cases);
since 2002, (i40 TTP cases);

overall, clopidogrel is the
most frequent drug
associated with TTP

ln 2009 and 2010, 1 and 10

cases of Prasugrel-associated
TTP were reported to the FDA,

respectively

Time from FDA aPProval to
first case of TTP being
reported

2 years 6 months 6 months

Surveys of theraPeutic Plasma
exchange directors (.1 998)

98 ticlopidine-associated TTP

patients; survival 60% with
therapeutic plasma ex-

change; 20% without; onset
< 2 weeks in 5% of Patients

1 1 clopidogrel-associated TTP

cases (1 death); onset < 2
weeks in 91% of Patients

Not applicable

Surveys of interventional
cardiology centers (1 998)

Five TTP cases among 8,000
ticlopidine users and nine TTP

cases among 45,000 ticloPi-
dine users; Estimated inci-
dence: i/1,600 to 1/5,000
ticlopidine-treated Patients;
onset between 2 and
1 2 weeks of exposure

No studies rePorted on this Not applicable

Adverse event reports from
Phase lll clinical trials
(1s8s-20'10)

One TTP case in 2,932 ticlo-
pidine-treated Patlents

ZeroTTP cases in 27,961 clo-
pidogrel treated Patients

Zero TTP cases in 1,769
prasu grel-treated Patients

lnsurance claims files (United
States) (1998-2001)

Two ticlopidine-associated
TTP cases among 15 million
person-years of observation

One clopidogrel-associated
TTP case among 15 million
person-years of observation

Not applicable

lnsurance claims files (United
States) (2001-2004)

Zero ticlopidine-associated
TTP cases among 16.4 million
person-years of observation

Zero clopidogrel-associated
TTP cases among 16.4 million
person-years of observation

Not applicable

Clinical findings from
sERF-TTP (2003-2007)

Onset within 2 weeks, l0%
(n : 93 patients); 86%

su rvival with theraPeutic
plasma exchange, 46%

without

Onset within 2 weeks, 7 4%

(n : 35 patients);72%
survival with theraPeutic
plasma exchange, 67%

without

No cases reported had onset
beyond 2 weeks of drug
initiation

Plasma samples from the
SERF-TTP study (2003-2007);
ADAMTS-I3 deficiency

80% (30 patients) 0% (8 patients) Not available

Plasma samples from the
SERF-TTP study (2003-2007);
neutralizing antibodies to
ADAMTS-I3

1 00% (30 patients) 0% (8 patients) Not available

Abbreviations: ADAMTS-13, a disintegrin and metalloproteinase with a thrombospondin type 'l motif, member 1 3; EMA, European Medicines Agency;

FDA, u.s. Food and Drug Administraiiou sERF-TTB Surveillance Epidemiology and Risk Factor for TTP; TTP, thrombotic thrombocytopenic purpura'

drug-induced TTP cases reported to the FDA, second only to

ticlopidine at the time ('Table z).27 only one published

abstract includes information of prasugrel-associated TTP

cases.28 Updated review of FDA safety databases (1998-

2011) identified clopidogrel as the most common drug

associated with TTP (n : 797 cases) and ticlopidine as the

fifth-most common drug (n : 97 cases) associated with TTP

(-Fig.2). Between 1998 and 2007,57 cases ofclopidogrel-
associated and 87 cases of ticlopidine-associated TTP were

Seminars in Thrombosis & Hemostasis Vol. 38 No. 8/2012

reported to the FDA. Since 2002, 140 cases of clopidogrel-

associated TTP, 10 cases of ticlopidine-associated TTP, and

14 cases of prasugrel-associated TTP cases were reported to

the FDA ('Table 2). Based on the WHO criteria, more than

95% of reported ticlopidine-associated TTP cases are likely to

have a causal relationship with TTP.2e For 74% of reported

clopidogrel and prasugrel-associated TTP cases where onset

information was available, onset occurred within 2 weeks of

drug initiation. However, causal relationships in these cases



B cbpidogrel Tacrolimus nclopidine Gemaitabinecy.lospo.ine prasugret

Fig. 2 A, Cases per year of thienopyridine-associated thrombotic
thrombocytopenic purpura (TTP) reported to the U.S. Food and Drug
Administration (FDA) (1 998-201 1 ). B, Drugs and number of cases
reported to the FDA's Adverse Event Reporting System in association
with thrombotic thrombocytopenic purpura (1998-201 .l 

).

are considered uncertain because ofthe presence ofcomorbid
illnesses and concomitant medications.

In the first year of marketing of each agent, the FDA

received reports of 4 ticlopidine-associated-cases, 11 clopi-
dogrel-associated cases, and 1 1 prasugrel-associated TTP

cases. In 1989, a package insert for ticlopidine described
"rare" instances of TTP in the post-marketing setting. In
1998, following our publication describing 60 cases of ticlo-
pidine-associated TTP, this information was described as a
"Boxed" warning indicating thatTTP onset occurred frequent-
Iy between 2 and 72 weeks after drug initiation and at an
estimated rate of one TTP case per 5,000 ticlopidine-treated
patients. In 2000, following our publication of 11 cases of
clopidogrel-associated TTP, a "warning" was first added to the
clopidogrel package insert indicating that TTP onset occurred
frequently less than 2 weeks after drug initiation and at an
estimated rate of 12 TTP cases per million clopidogrel-treated
patients. In 2009, the initial package insert for prasugrel
included a "warning" stating that cases of TTP were identified
with other agents in the class because no prasugrel-associat-
ed TTP cases had been reported at that time. In 201 0, after the
FDA received reports of 11 prasugrel-associated TTP cases, a

revised "warning" indicated that patients with prasugrel-
associated TTP had been identified, with onset of the syn-
drome generally within 2 weeks of prasugrel initiation. No
information on estimated incidence was included.

Published Cases (Ticlopidine and Clopidogrel Only)
In 1991, a therapeutic apheresis center in France reported
four patients developing TTP after 3 to 8 weeks of ticlopi-

Thienopyridine-lnduced TTP Jacob et al. 849

dine.2o In two of the four patients, ticlopidine was the only
medication taken prior to TTP onset; rechallenge with drugs
other than ticlopidine did not produce relapse. Moreover, no
relapse occurred during the 4 to 43 months of follow-up in
three surviving patients.3o Steinhubl et al identified 19
patients with ticlopidine-associated TTP following coronary
artery stent procedures at nine interventional cardiology
centers.l4 Four patients received ticlopidine for 2 weeks or
less, 14 patients for 2 to 4 weeks, and 1 patient for 8 weeks.
The mean time of ticlopidine treatment prior to TTp was
22 d,ays (range, 5 to 60 days). The overall mortality rate
was21,% (4 of 19), but in those patients who were not treated
with plasma exchange, the mortality rate was 67% (4 of 6)
compared with none of the 13 who did receive plasma
exchange.

By surveying medical directors ofplasma exchange centers
in Los Angeles, Raleigh-Durham, Boston, Baltimore, Houston,
Indianapolis, Pittsburgh, and Chicago, we identified 11 pa-
tients with clopidogrel-associated TTp in 1998 and 1999.3,2e
Ten ofthese patients had received clopidogrel for 14 days or
less. Although 1 0 of the 1 1 patients responded to therapeutic
plasma exchange and drug discontinuation, 2 required 20 or
more exchanges, and 2 had relapses while not receiving
clopidogrel. One patient died despite undergoing plasma
exchange. One case report describes a patient with a drug-
eluting coronary artery stent who developed TTP within days

of clopidogrel initiation.ls Alter treatment with plasma ex-
change and clopidogrel discontinuation, TTP resolved. The
patient was subsequently re-challenged with ticlopidine and
did not experience TTP relapse.

Case Series
In 1996, FDA safety personnel reported that from initial
marketing ofticlopidine through 1995, the FDA had received
reports of25 ticlopidine-associated TTP patients.lT In 1998,
Bennett et al reported 60 ticlopidine-associated TTP patients
based on surveys of medical directors of plasma exchange
centers in eight cities, reviewing FDA-adverse event reports
and published case reports. Of these, 72% had received the
drug for stroke prevention. More than 95% ofthe patients had
received between 2 and 12 weeks of ticlopidine prior to TTP

onset. The mortality rate was 24% (9 of 38) among patients
who underwent plasma exchange and 50% (71 of 22) among
patients who did not undergo this procedure (p : 0.05).2

In 1999, Bennett et al reported42 patients with ticlopidine-
associated TTP with coronary artery stents and 56 ticlopidine-
associated TTP patients in stroke prevention settings.4 Com-
pared with coronary artery stent patients, patients in stroke
prevention settings were more likely to be women (62.5 vs.

28.6%; p : 0.01 ). Comparing patients being treated for stroke
prevention versus stent placement, the time between ticlopi-
dine initiation and TTP onset was less than 2 weeks in 5.4 and

2.4%,betvveen2 and,3 weeks in 1 7.9 and 21.4%,between 3 and

4 weeks in 30.4 and 38.1%, and between 4 and 12 weeks in 46.4

and 38.1%, respectively. Death occurred in 60.0% of ticlopi-

dine-associated TTP patients not receiving plasma exchange

versus 21.9% of patients receiving plasma exchange in those

receiving ticlopidine for stroke prevention and in 14.3% of

pf "e""$ror"c}r$rdrd"s""d"s""d"-s""S

Clopidogrel Tacrolimus nclopidine GemaitabineCy.lospo.ine prasugrel
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patients receiving plasma exchange in those receiving ticro- associated rrp case per 260,000 person-years ofobservation'

oidineforstentplacement..-"?,lT?,:1.*studyyears,thepreferredthienopyridinewas
rn2ooT,Bennettetalcomparedcrinicarpresentationsfor 

transitioning rrom iictopiaine to clopidogrel' The second

93 ticlopidine- versus 35 clopidogret-associatea fip ..r.r.' study, repoited by FDA safety. personnel' did not identify

patients with ticlopidin"_ "nj 
clof,idogrel-induced rrp were any cases of ticlopidine- or clopidogrel-associated rrP among

sim,ar with respect to age (mean, 64 vs' 58 yea*i"J g"na"' t o'q miltion p""on-y""" of observation among 1 1 private

(male, 53 vs- 54%),uut oifrered in duration of thie;;p;idine health care pians (zool to 2OO4 data)'2a During these studv

exposure prior to TTP.s In comparison to p"ti"nt' *itn years' clopidogrel use had increased dramatically whereas

cropidogrel_associated rrp, ttos"'*ith ticropidine-induced ticlopidine usl declined. Incidence of rrp among patients

TTp were more rikery to have received more than 2 weeks of a with coronary artery stent pracement is about 1 in 1'500 with

thienopyridine prior to TTp onset (90 vs. ,U*ri. O'OOO, l ticlopidine'e in" 
'"i" 

of TTP with clopidogrel is between 1 in

and to present with severe thrombocytopenia (platelet count 8,500 to 1 in 26,000.31

. zo * 10ell) (84 vs. 60%; p < 0.005) but less likely to have

renal insufficiency (28 vs' 55 %;p < O'02)' AmongTTP patients Laboratory Studies

whoreceivedticlopidine,survivalrateswerealmosttwo-foldrsaietalreportedplasmaflndin.gsfromsevenpatientswho
greater with plasma exchange versus without iso vs. aoz, developed irp z io 7 weeks after initiation of ticlopidine

p < 0.001). In contrast, ".n*g 
TTP patients who received therapyin2000'll Controlsof thereportedstudywereseven

clopidogrel, survival ,"t", \Nltt, versus without plasma ex- ton'"t'ii'" patients without thrombocytopenia who had

;;;.;";"sim,ar (72vs.67%). 
L PrqJ,ru 

li::,:,,:*;iji;]:5fl[fl:ij:,:,ffi:fjlffiJll.t*n
phase lll Glinical Trials seven patients lacked the largest vwF multimers and were

phase III trials evaluat \ng 2,932patients who received ticlo- severery deficient in ADAMTS-13 activity' Immunoglobulin c'

pidine in the setting oi .o.or..y artery sterit-pr"."-".,,, it:1159 from plasma samples of five patients' inhibited

oerioheral vascular disease, and stroke prevention identified ADAMTS-,3 "tii',ity 
in normal human plasma' These abnor-

one rrp case.15,18_20,22,31 The case deveroped in one of g02 malities resolved with remission that forowed plasma ex-

patients who received ticlopidine in the African American change 
"na 

ai"ontinuation of ticlopidine'l] Mauro et al

Anti_platelet stroke Study, which evaluated aspirin versus reported that plasma from patients with ticlopidine without

ticlopidine therapy.2l The patient, who developed thrombo- TTf or with ticlopidine-associated TTP induced apoptosis of

cytopenia earry after ticlopidine initiation, recovered after microvascular endothelial ce!1^s.10 However, clopidogrer did

drug discontinuation and plasma exchang". NoTIr."ses have not induce similar apoptosis'10

been identified among 27,g61 clopidogrel_treated and 1,76g Bennett et al reported that plasma from 2 of the first 11

prasugrer-treated pati-ents enroued in phase,,ffi#"';;;;;' 
::[::*,X;t;Jl"r:lT:[iffi::::"*H'"'nTr1ffi:['J
totheADAMTS-13.32Bothpatientsrespondedtoplasmasurveys ' r pittsburgh by exchange; however' each suffered a spontaneous relapse

t"-ffJrf[:1il:Tffiil,iil',,";:H',lol;il*-.;,";- withoul."-.*po,u,. ro a thienopvridine' ro date' these are

ated rrp among g,000 patients in the city *r,o underwent the only cases of thienopyridine-associated rrP reported to

coronary artery stent procedures at five interventional car- have developed a spontaneous relapse' raising concern that

diology centers.e ntf naa received ticlopidine following the these cases were not caused by clopidogrel'

procedure. This corresponds to an incidence of ticlopiiine- Updated clinical and laboratory f,ndings are available for 30

associared rrp of 1 per 1,600 ticlopidine-trJ; ;;;;;;.ih patients wirh ticlopidine-associated rrP and 8 patients with

1999, another survey of intervention"t .".aio-tijiri, lt nin. aopiaog."i-"tsociated rrP.7 None of these patients. experi-

cardiorogy raboratories reported nin" rrp 
-.]res 

among 
"n."d 

,"rpontaneous rerapse. These patients were similar in

45,000 ticlopidine-treated patients undergoing-.oron".y ,r- 
"g" 

(*"*, 68 vs. 58 years) and gender (male' 43 vs' 62%)' but

tery stenr piocedures.la iliJ;;f,I,,: J#::il"Ih ^"',. ,!&"'ri;:5rl'i?JJ

Administrative Databases-Estimating lncidence Rates ,"u"r. ADAMTS-13 deficiency (g0 vs' 0%), to have neutralizing

of ricropidine- and Gropidogrer-Arro.i"t"J rrp anribodies to ADAMTS-13 (100 vs. 0%), and to survive the TTP

Twostudiesestimatedratesofticlopidine-andclopidogrel-episode(87vs.50%;p<0.05foreachcomparison).
associated TTP cases based on identiflcation ofTTP diagnoses

in administrative databases merged with claims information Discussion
on pharmaceutical use' The first study' reported in 2004 and

funded by the manufacturer of clopidogret,-iJ*tin"a t*o Thienopyridines are prescribed widely to prevent stent

cases of ticropidine-associated rrp and one case ofcropiaog- thrombosis after coronary or peripheral vascular interven-

rel-associated rrp among 15 m,lion p".ron-f""r, or ouser- tions and for stroke prophylaxis' Ticlopidine use is a well-

vationofpersonswithprivatehealthinsurance(1998to'"tognZ"acauseofffpananeutropenia'andhenceithas
z00t) data.23 That study identifled 60 persons witt, rrp in t"rgiy u"", replaced by clopidogrel'33 Prasugrel is the new-

the databases, and an estimated rate of or" .iopiaogr.t- 
",ttf'Lnopy'idinederivativeanditsusecontinuestoincrease
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following FDA approval in 2009. There have been case reports
and case series published in this arena; however, this is the
first comprehensive review of ticlopidine-, clopidogrel-, and
prasugrel-associated TTP. In interpreting our findings, several
factors should be considered.

Although clopidogrel is the most common drug associated
with TTP in the FDA databases, the incidence of clopidogrel-
associated TTP is only four times as frequent ds that reported
for idiopathic TTP, therefore raising concern over a causal
relationship. Of note, since 2006, awareness of an association
of clopidogrel with TTP increased after the manufacturer
included descriptions ofthis association in the product label
and publicly disseminated safety information, which may
have led to decreased use and account in part for the lower
annual number ofcase reports since then.3a Causal relation-
ships between clopidogrel and, more recently, prasugrel and
thrombotic microangiopathy have been postulated primarily
based on time-course of onset (within 2 weeks of drug
initiation).and absence of relapse without re-exposure.3s
Moreover, these thrombotic microangiopathies differ from
drug-induced microangiopathies reported with mitomycin-
C, calcineurin inhibitors, and gemcitabine in that they are
dose-dependent, occur after weeks of drug use, and are
attributed to cumulative toxic effects on the endothelium.3s

Based on updated and previously unreported analyses,
ticlopidine is the only TTP-associated drug linked with neu-
tralizing autoantibodies to ADAMTS-13 metalloproteinase.
Over 90% of these cases occurred within 2 to '12 weeks of
ticlopidine initiation. Clinical and laboratory findings for
ticlopidine-associated TTP mirror those reported for idio-
pathic TTP with respect to neutralizing autoantibodies, severe
ADAMTS-13 deficiency, and rapid response to therapeutic
plasma exchange.36'37 The major difference is that no case of
ticlopidine-associated TTP has experienced a spontaneous
relapse, whereas between 30 and 5O% of idiopathic immu-
nologically mediated TTP cases experience spontaneous re-
lapse5.3z-:s Although TTP occurs at an estimated rate of 1 per
1,600 to 1 per 5,000 ticlopidine-treated patients, case reports
to the FDA of ticlopidine-associated TTP decreased after
1999.e'14 This change is likely related to increased awareness
of an association of ticlopidine with TTP and diminished use
of ticlopidine following FDA approval of clopidogrel in 1999.

Basic science considerations and revision ofthe conceptuali-
zation of idiopathic TTP and thrombotic microangiopathies

Table 3 Summary of differential pathophysiology

Thienopyridine-lnduced TTP Jacob et al. 851

help explain our findings for ticlopidine.a0 Prior pharmaco-

logic studies implicated metabolites of drugs, rather than the
parent drug, as being the cause of drug-associated TTP.36

None of the metabolites of ticlopidine, clopidogrel, and
prasugrel are the same. When ticlopidine-treated patients
have been noted to have TTP characterized by ADAMTS-13
deficiency and an inhibitor, there has never been documen-
tation that the inhibitor is a drug-dependent antibody, as

occurs with drug-induced immune thrombocytopenia as well
as with quinine-induced hemolytic uremic syndrome.4l po-

tential causal mechanisms of ticlopidine-associated TTP per-
haps include molecular mimicry if metabolites of ticlopidine
have structural similarity to ADAMTS-l3 or antigenicity,
ticlopidine may act as a hapten, or metabolites of ticlopidine
can form a complex with ADAMTS-13.

Package labels warn that TTP cases have occurred generally
within 2 weeks of drug initiation for clopidogrel and a "Boxed"

warning indicates that ticlopidine-associated TTP occurs with-
in2 to 72 weeks of drug initiation. These notifications include
estimates of incidence of 1 per 2,000 persons for ticlopidine
and 1 per 80,000 persons for clopidogrel. For the thienopyr-
idines, patients are advised to contact their physician imme-
diately if signs or symptoms of TTP develop. According to FDA

regulation, as soon as there is "reasonable evidence" of an

association of serious hazard relative to a drug, the warnings
section of product labels is revised to include descriptions of
serious adverse reactions and steps to take ifthey occur. Special
problems such as drug-associated TTP may be required by the
FDA to be described as a "Boxed" warning.a2

Conclusion

TTP occurs following administration of the thienopyridines,
with onset generally within 2 weeks of drug initiation for
clopidogrel and between 2 and 12 weeks for ticlopidine
(-Table 3). ADAMTS-13 deficiency is implicated in ticlopi-
dine-associated cases, ADAMTS-13 independence is implicat-
ed in clopidogrel-associated TTP cases, and ADAMTS-13

information for prasugrel-associated TTP is unknown. Clini-
cians and patients should be vigilant, understanding that this
syndrome could occur shortly after initiation of thienopyr-
idines and report all cases ofthienopyridine-associated TTP to
MedWatch, the FDAs safety information and adverse event
reporting program.

Ticlopidine Clopidogrel Prasugrel

Time to onset 2-1 2 weeks 0-2 weeks Not measured

ADAMTS-I3levels <5% Normal Not measured

Antibodies, ADAMTS-13 100% None Not measured

Treatment Emergency TPE TPE done, but not clear if helpful Not measured

Response to TPE 90% 50% Not measured

Relapse 0% 0% Not measured

Abbreviations: ADAMTS-I 3, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; TPE, therapeutic plasma exchange.
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