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Resistencia al clopidogrel

> Introduccion:

< El clopidogrel es wuna tienopiridina que Inhibe el
receptor P2Y12 de la Adenosina-di- fosfato (ADP).

< Su uso como antiagregante se ha extendido en los
ultimos anos asi como la publicacion de articulos
referentes a la resistencia al clopidogrel.

< En 2006 se describe que la resistencia al clopidogrel en
voluntarios sanos esta determinada por una variable
pre-existente.

JACC 2010;54(4):321-341
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> Introduccion:

< El objetivo es esclarecer los distintos formas de
resistencia y su correlacion con los eventos.

JACC 2010;54(4):321-341
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Mecanismo de accion del clopidogrel:

Figure 3: Binding of irreversible and reversible P2Y,, receptor antag-
onists. |, Il) ADP binds to the P2Y,, receptor, resulting in a conformational
change and G-protein-coupled activation. |ll) The active metabolites of clopi-
dogrel and prasugrel bind irreversibly to the P2Y,, receptor, deactivating it
for the life span of the platelet. IV) Ticagrelor and cangrelor bind reversibly to
P2Y,; at a site distinct from that occupied by ADP; reversible antagonism oc-
curs as these agents transform the receptor to an inactive state. Upon disso-
Ciation of the reversible agents from this site, the P2Y,, receptor regains its
function. Adapted with permission from Husted et al. (34).
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» Mecanismo de accion del clopidogrel:

NEJM2009:340(4):
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Tiene 2 pasos hepaticos para su activacion, con un 15-20% activo
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Figure 1. Schematlc Representatlon of the Metabollsm of Clopldogrel and Prasugrel
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Resistencia al clopidogrel
Relacion entre no respondedores y eventos clinicos

El registro francés de 1AM con ST y sin ST )FAST-MI
evaluo prospectivamente la relacion de los polimorfismos
geneticos que modulaban:

> la absorcion: ABCbl
»la activacion metabolica: CYP3AS5, CYP2C19
»La actividad biologica: P2RY12, 1TGB3

Y su relacion con muerte y eventos isquemicos en
pacientes post 1AM.

NEJM2009:340(4):




Resistencia al clopidogrel

"'l-!--?ﬁ”lh-_hﬂlﬂluiwm‘ﬂ-m'mgﬁcmw—]—-mﬂ“ Telde 1 [Commd |

Pasieerin Bl | - ) Patwarin wiihaui Pufiesin with
E'.u"!!-ﬂ_lrlﬂ'l C=rrems Evame Dlurnms By sk Cutroans 1 st
Mudeotds Changs asd Ganatrps* [T M= 228 P ket Miucastide Changs and Ganaty pa Pis 1914 M= 78] PValuaf
e EFPFILIY
e [ralRRERET])
ZERLA, CYPRCLNED | jaed J4ATRT) AT
Heo of patsrn wiss dals LET ]
G ——mn PG 1 <k B of pawisnes winh daw (15 5] 1
L LEEd [~ 58 B85 o DO AR = e ) +J {2 |l,l|;j_|
e ET irwhinchirn MG e () 500 j28) SR F ]
Ple A0 pakass w s dals P 147 71| 204 24
TP — e [
G, CTPOL LT | RG] a3
oy T ]
Gl e o | LTI §a B S Pl S pfwnfy with dits (81T ko ] |
CIAT TRy el 1 ) o]
Pho of patwrsy mes dale Ol =, W) (LETPL e ER L]
. 135, CYPRC194d (2R 5E50 ail
T ) He of punane wah dam LB o]
L= mb W) 1K1 (P9 I (W)
B B G . ) 17 {1} 1 (T
Pl af patirrdi wn dils LTI, ORI OR7
et | LLR R & 7] Mo ol patanty with Jats LER? i ]
s iap T ] BT Y B
AL e (% VL) Lkl o i, (58] 1383 [«88 % (100
@ o CVPRCTS Lot bt NI [43 91 'LD A A
CTATET v DO T Ll |
He af panerm woiy das LEsd L Ko of patamey wnh dat %14 ™
T mab (W Bl wwrang slen — no. M) LREE Ty 213 {74)
BT — i i £ Wuimr il = e W) 51¥ (2T B (124
T b ryvarsnd dllsles —na 4y a2 14 4
TPl
CMET PRI T [l 2340 1600 Ll
SRR, LAFRAITE s TR
Fio of patiee winh d s LEZE 244 K of pazanen with dam LT 147
Gl = . 1171 i 0 ] b IT —mfe [ [ s X1 11 i
ki i =13 CF = s [f 187 (12} FIan

Mol —— T8 [Thed ==k =L 5] 3 EH

LG = ni. (7] 191 (&3] 199 59

NEJM2009:;340(4):363-75



Resistencia al clopidogrel

Existen 3 polimorfismos de
CYP2C19

El CYP2C19*1 corresponde a la
funcion normal.

Los CYP2C19*2 y CYP2C19*3
pierden su funcion dando
pobre metabolizacion®
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se clasifican en:
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Pobres con 2 alelos e
intermedios con 1 alelo
mutado.
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1 Resumen: de los 2208 pacientes tratados con

clopidogrel se evalu6o Ila relacion entre las
determinantes genéticas a la respuesta del
clopidogrel y los eventos cardiovasculares.

® Las variantes genéticas del CYP2C19 que resultan en
la pérdida de su funcion, se asocian a muerte, 1AM o
stroke. 21.5vs 13.3 or 1.98 (IC 1.71-7.51)

NEJM2009:;340(4):363-75
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» Los polimorfismos de CYP2C19 justificarian el 12% de
la variabilidad de las respuesta y su valor predictivo
positivo de la péerdida de la funcion del polimorfismo
se estima entre 12-20%

» Los polimorfismos genéticos se relacionan con
distintas etnias ej. 50% Chinos, 34% Negros, 25%
blancos, 19% Mexicanos.

» En el estudio TRITON TIMI 38 Prasugrel vs
Clopidogrel y tromboliticos en 1AM, el 95% tenia el
polimorfismo CYP2C19*2.

» Los que presentan una variante alelica tienen 26-31
% menos del metabolito activo, los que presentan 2
variables 46-55%

JACC2010:56(4):321-41
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1 El metaanalisis de la relacion de los no respondedores
mediada por agregacion y eventos clinicos

Non-responders Responders Risk ratio Risk ratio
Study or Subgroup  Events Total Events Total Weight |V, Random, 95% Cl Year IV, Random, 95% CI

Gurbel 2003 0 29 63 Not estimatable 2003
Muller 2003 2 12 93 1.5% 36.15(1.84-36.15) 2003
Matetzky 2004 6 15 45  3.0% 18.00[2.35, 137.71] 2004
Mobley 2004 2 11 33 24% 6.00 [0.60, 59.93] 2004

7

9

7

4

Campo 2006 14 51 6.3%  8.50[2.52, 28.69] 2006
Cuisset 2006 23 83 6.3% 10.83[3.19, 36.75] 2006
Hochholzer 2006 199 603 7.9% 2.65 [0.97,7.22] 2006
Schwonberg 2007 14 37 714% 1.76 [0.58, 5.32] 2007
Frere 2007 11 54 127 6.2%  8.62[2.50,29.69] 2007
Angiolillo 2007 17 45 128 12.2% 2.84 [1.59, 5.08] 2007
Buonamici 2007 9 105 699 9.9% 3.74 [1.70, 8.25] 2007
Geisler 2008 15 312 638 10.5% 2.36 [1.14, 4.90] 2008
Gurbel 2008 54 101 196 14.3% 3.88 [2.62, 5.76] 2008
Liu 2008 1 13 26 2.4% 1.00[0.10, 10.04] 2008
Yong 2009 7 49 142 9.9% 0.97 [0.44,2.13] 2009

Total (95% CI) 996 2964 100.0% 3.53 [2.39, 5.20]
Total events 151 121

Heterogeneity: Tau® = 0.23; Chi# = 27.20, d.f. = 13 (P =0.01); /2 = 52%

Test for overall effect: Z=6.36 (P < 0.00001)

* . a correction of 0.5 patient was applied

J Throm Hemos 2010:8:923-33



Resistencia al clopidogrel y su relacion con
eventos

Table 1. CYP2C19*2 Polymorphisms and Cardiovascular Outcomes

Source, Year
[Region)

Patients, n

[Age, Years)

Disaase

Clopidogre! Dosage

Duration of

Follow-Up
{Months)

Ourtcome (n)

Frequency of Genotype, n (%)

/4

b W]

*2/%2

RR (85% Cl)

Adjustment

Trank et al., 2008
(Germany) (21)

Siman at al., 2009
{Francs) (22)

Collet at al., 2009
{(Francs) (2)

Mega et al,, 2000
{United States) (1T)

Sibbing et al., 2009
(Germany) (4)

Giusti atal, 2008
{itady) (3)

Shuldiner &t al., 2009
{United States) (15)

797
(mean: 66.4)
2178
{mean: 70.1)
258
{18-45)

1459
{mean: 60.1)

2485
(mean: 66.5)
772
{mean: 68.3)

23t
{mean: 65)

CAD

AMI

M

LD 600 mg

MD 75 mg day—1
LD 300 mg

MD 75 mg day 2
LD n.d.

MD 75 mg day~2

LD 300 mg
MD 75 mg day 2

LD 600 mg
MD 75 mg day 2
LD 600 mg
MD 75 mg day 2

LD 300/600 mg day~*
MD 75 mg day—

12

1z

Dieath and MI (24)

Dieath from any cause
[225)

Death, MI,
urgent coranary
rewascularization (26)

Stent thrombosis (12)

Death from CV causes,
MI, stroke (129)
Stent thrombosis [18)

Stent thrombaosis (17)

Stent thrombosis +
cardiac mortality (29)
Stent thrombasis (24)

MI, unplanned targat
and nontarget lasion
revascularization,
hospitalization, death
fram CV causes
{n not reported)

552 (60.3)

1561 (71.7)

186 (T1.8)

1064 (72.9)

1805 (73)

525 (68)

86 (70.9)

228 (28.6)

564 (25.9)

£33 (25)

221 (28.6)

27(29.1)

17 (2.1

53 (24)

73(282)

305 (27.1)

47 (2)

26 (3.4)

0.67 (0.25-178t

0.89 (D.68-118)}

5.38 (2.32-12.4T)
6.04 (1.75-20.80)

153(1.07-2.19)
3.08 {1.19-8.00)

3.81 (145-10.02)

2.70 (1.00-8.42)
343(101-12.78)

340 (1.36-8.46)

MNone

None

BMI smoking,
diabetes, stent
implantation, STEMI,
use of proton-pump
inhibitars

None

Age, diabetes, ACS,
typ= of stent

Residual platalst
reactivity, traditional
CV risk factors,
clinical and
precedural risk
factors

Age, gender, race

JACC2010:;56(4):321-41




Advertencia de la FDA de resistencia al
clopidogrel

v A comienzo del 2009 la FDA recomienda el estudio genético y
probable considerar dosis altas de clopidogrel.

El 5 de Mayo 2009 se aclara que los pobres metabolizadores
tienen poca agregacion con clopidogrel y que la dosis 6ptima no se
conoce.

v' La 22 advertencia del 2009 sugiere abolir el uso de clopidogrel en
los pacientes con polimorfismo CYP2C19 con déficit funcional o por
inhibicion del CYP2C19 por drogas (Omeprazol).

v' La tercera advertencia Marzo 2010, sugiere al medico tratante
evaluar alternativas terapéuticas o estrategias terapéuticas para
los “pobres metabolizadores™

Asimismo se menciona el aumento de los eventos clinicos en esta
poblacion.

JACC 2010;54(4):321-341
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Alternativas desde el punto de vista clinico

La escasez de datos con respecto a los “pobres respondedores”
no avalan su uso solo de acuerdo a la genotipificacion.

El uso de 600mg de carga o doble carga mejoran la inhibicion
plaguetaria y el mantenimiento de 150mg tambien, algunos
pacientes no tienen respuestas. No se ha demostrado en los
eventos cardiovasculares mayores (MACE) en todas las
poblaciones.

Table 3. Effect of Different Clopidogrel Dosing Protocols on Patient Outcomes

Study Regimen Metric Results
ARMYDA-4 RELOAD {42)% GO0 mig load vs, placsbo 30-d MACE defined as cardiac death, No banafit in overall cohort. In noreSTEMI
503 stable AP or nor-STEMI ACS MI, or TVR reduced
patients on chronic C for more MACE {11 A%); no change in
than 10 d MACE in stable AP,
HORIZONS-AMI (43) GO g s, 300 mg C load 30-d MACE defined as allcause daath, GO0HME dosa was an indepandant
F3E02 STEMI patients stro infarction, unplannad predictor of lower 30-d MACE
zation for ischemia, or
or bleeding
CURREMT DASIS-T* 30-d MACE defined as cardiovascular No banafit in overall cohort. In subgroup
25,098 ACS patients (41a) dosa, then 150 mg for 7 d, death, MI, or stroke of 17,232 PC| patients, 15% reduction
then 75 mg daily to 30 d; in MACE in high-dese group with a
standard 300 mg 42% reduction in definite 5T, but
loading dosa, than 75 mg increased bleeding
daily to 30

JACC 2010;56:321-41
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Alternativas desde el punto de vista clinico

inhibe la plaqueta por vias diferentes a la aspirina y tienopiridinas.

Es un inhibidor selectivo de la fosfodiesterasa tipo 3 y altera la
recaptacion de ADP y la produccion de PGI, 6xido nitrico endotelial.

El subestudio de plaguetas se realizo en un pequefio subgrupo del
TRITON_TIMI 38 y mostrd mayor inhibicion comparado con 75/150mg
de Clopidogrel con reduccion de los eventos y un incremento del
sangrado MAYOR SOBRE TODO EN <60kG, >70anos y stroke o TIA
previos.

JACC 2010;56:321-41
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FUTUROIOGIA

Talzxle 4. Ongoirng Trials Evaluating Antfiplatelet Therapy Tailored by Genotyping arncd or Phenotyjpre Assessamrent
. No. of
Sty Dre=sign Patiesnts P ogpeul &t or Seelection Criterion O wrt o Foll owsLIs
Trials Evaluating Pharmscodymamic and or Pharmacokinetic Outcomes
CSIFT Dbsaervational, prospective Up to 20080 Stable CALD or Pati=nts with high residual Accociation of CYP2IC19 & mo

3 (N CTOOSSE 420 cohart study (GRAVITAS NSTE MI ACS platsl=t activity (HRPA) 12 to genotype with RPA

Fi: M. Prics

substudy)
(PD studwy)

und=rgoing DES

24d-h postDES randormizad to:
1y standard T mg
clopidogrel, or 2§ high-doss

ol opidogrel (additional SO
mg followsd by 150 mg dailwi

WerifyMNow ) on
standard dosa of
clop idogrel or
incremeantal change
RPA on high-doss
clop idogrel

Clopidogreal Randomized, opemn-labal, 2000 Stable TAD Screan for CYP2C1S+ 2 LOF CThange in RPA 20 o
Pharma cogenocmics crossowver, phass O allels: randomize eligible Werifylow, aoptical
Projet (PO PH studyd patisnts to copidogrel TS mg SEErSEorTEtry
(HCTOAOSTI43T) or 150 mg daily = 20 d and massuramant of
Fi: L Drharmavaram then crossowver active metabaolites
Fl: 1S5, Ro=ssi
CLOWIS 2 Randomizred. opern-labal, 120 Post-hI, Comparison of 2 loading Imhibition of RPA (IRPA) & h postdopidognel
(NCTOMB 22 6 ) phassa I, crossowar A5y and strategiss of clopidognsl (30O by optical loading doss
Pl: L. Coll=t (PO PR studyd snnzlled in &F111 mg ws. SE9E00 mgl in 2 gencetic ageregorTatry:
Pl: G. Montalsscot registry profiles: wild-type 201941 and meaasuramant of
carriers of active matabaolites
2519+ 2 (homozySous o
haterozygous)
Rols of CYP2:(C19 Dbsaervational, case- TE Heakhy vwoluntesrs  Subjscts with CYP2C1G#2 7 #3 Plat=sl=t inhibitory 3B owwk
Polymorphism in crossowver, phass 1W LOF allele, and ags and responss to
the Drug Interaction (PO PR studyd gender-matched wildtype clopidogn=l:
Batwesn control randomized o meassurarmant of
Clopidogrel and clopidogrel + amaprazols = active mastabolites
Omeprazcle clopidogrel = 1 wik, amd
(HCTOADSRA2TE) oSS oW ST
Fi: S. Madipgall
F: T. Dalao
ELEVATE-TIMI S5 Randomizaed treatment 275 Stable CAD Pati=nts on clopidograel 75 mg Change imn RPA B wis
Pl: LL. Mega (SBa) S LIS s and genctyped for CYP2IC1D WerifyMNow, WASP)
(PO studw) silleles will be treatsd with
biwesskly dose of clopidogrel
HTE mig to 200 mg daily,
depending on ganotyp=).”
PREDICT Pilot Study Dbsaervational prosps-otive 42 Stable TAD on Pati=nts with HRP& on CThange in RPA T od
(HCTOOTATESS) caohort clopidogral clopidogrel T5 mg and Werifyow )
Pl: ML) Prics (PD study) therapy genctyped for CYP2C1S
alleles treated with double-
dosa copidogns]
(150 migl
MACCEL-20C1 S Randomired. active- 134 Stable CADN, Pati=nts ganotyped for CYP2C1S  Inhibition of maximmuum 3o od
(HCTOAO1 21 @3] control, singls-blind =l ective PCI wariants randomized to high- platslst aggregation
Pl: Y.-H. Jlaocng (PO studw) doss copidogrs] (150 mgl + [optical
ASA 2200 mg ws. cilostamosl SEErES g TSIy ;
100 g bid + 75 mig Warif o
clopidogrel + AS&S 2080 Mg
(tripl= tharapy)
MACCTELAMIZCIS Randomired. active- =0 Moucs MI, Pati=nts ganotyped for CYP2C1S  Inhibition of maximmuum 3o od
(HCTOOD1 57 23) control, ops=ndabel po=t-PCl wariants randomized to high- platslst aggregation

Fl: L-S. Kim

(PO studw)

doss copidogrs] (150 mgl +
ASA 100 g ws. cilostamos]
100 g bid + T5 mg
clopidogrel + AS& 1000 Mg
(tripl= tharapy)

[optical
aggregormatry:
Werifetdow)
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Alternativas desde el punto de vista clinico

Pharmacodynami

tudies of Platelet Responsiveness to Different Clopidogrel Dosing Protocols

Study

Regimen

Metric

Results

ISAR-CHOICE (33)
60 elective PCI patients; C-naive

von Beckerath et al. (34)
60 patients after successful PCIL; 600 mg C load
OPTIMUS study (25)
40 patients with type 2 DM and documented
suboptimal response to C
Fontana et al. (36)
81 patients with recent PCI and documented
suboptimal platelet inhibition on C 75 mg daily
PRINC trial {27)
60 patients undergoing PCI; C, 600 mg LD

VASP-02 (38)
153 patients undergoing elective PCI

Price et al. (40)
45 volunteers

Montalescot et al. (ALEION) (41)
103 patients with NSTEMI

C.

C.

C.

C.

300, 600, 900 mg LD

150 mg daily vs.
75 mg daily {MD)

150 mg daily vs.
75 mg daily {MD)

increased to 150 mg
daily C (MD)

h after initial C-load,
either 600 mg C

or placebo, then
second randomization
o 150 mg C vs.

TH mg C daily

. 150 mg versus TS mg

daily for 4 wk; after 2 wk,
platelet inhibition
checked and low
responders increased to
150 mg dally

300, 600, 900 mg LD

C, 200, 600, 900 mg LD

Platelet aggre gometry,
active thiol
metabolite of C

30-d platelet function

Repeat platelet
function testing
after 30 d

Repeat platelet
function testing
after 15 d

Platelet inhibition at
2. 4 and 7 h, and
1wk

Platelet inhibition at
2 and 4 wk

Platelet inhibition at
baseline and
1 through 7 h

ADP-induced IPA at
24 h

600 mg dose had highest active drug metabolite
level and platelet suppression compared with
the 300 mg dose.

C, 150 mg daily had more intense platelet
inhibition.

150 mg dose improved rates of platelet inhibition,
but 60% of patients still had suboptimal C
aeffect.

C, 150 mg daily improved platelet inhibition.

600 mg load = 2 at 2 h apart produced better
inhibition than 600 mg acutely;

150 mg daily results in better inhibition than
75 mg after 1 whk.

At 2 wk, 150 mg C produced better platelet
inhibition.

In low responders, 150 mg C improved platelet
inhibition.

600 mg and 200 mg had more intense platelet
inhibition than 300 mg, no difference between
800 mg and 900 mg.

LDs greater than 300 mg provided greater
antiplatelet effect than 300 mg

ADP indicates adenosing diphosphate; ALEION, Assassment of the Best Loading Doss of Clopidogral to Blunt Platelet Activation, Inflammation and Ongoing Mecrosis; C. clopidogrel; DM, diabetas
mellitus; IPA, inhibition of platelet aggregation: ISAR-CHOICE, Intracoranary Stenting and Antithrombotic Regimen: Choose Batween 2 Higher Oral Dosas for Immediate Clopidogrel Efect: LD, loading
dosea: MD, mairtenance dose; NSTEMI, non-ST-sagment elevation myccardial infarction: OPTIMUS, Optimizing Antiplatelet Therapy in Diabetes Mellitus; PCIL pereutansous coranary intervantion; PRING
Plavix Response in Coronary Intervention: and VASPO2, VasodilatorStimulated Phosphoprotein 02 Randomized Study.
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Conclusiones

‘sExisten multiples variabilidades individuales de respuestas al
clopidogrel.

“sEstas variables incluyen factores genéticos y clinicos.

“+Algunos genotipos podrian asociarse a hiporeactividad plaguetaria
tanto a nivel biolégico como clinico.

% Los polimorfismos genéeticos de CYP2C19*2 con las 2 variantes
alelicas pierden su funcion pero su impacto clinico gueda aun por
confirmarse.

**El valor predictivo del estudio genético queda por confirmarse.

“*Hasta la actualidad no parece ser razonable el estudio genotipico
para la toma de decisiones.




