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ABSTRACT

BACKGROUND AND PURPOSE: Differing responses to clopidogrel following endovascular treatment of cerebrovascular diseases may
increase the risk of vascular complications. CYP2CI9 gene polymorphisms influence clopidogrel activity. We aimed to study the clinical
impact of CYP2CI19 gene polymorphisms in patients undergoing endovascular treatment.

MATERIALS AND METHODS: This was a prospective, longitudinal, observational study. Information on demographics and cerebrovas-
cular status was collected as baseline. Clopidogrel response was tested by the VerifyNow P2Y12 assay. CYP2CI9 genotyping was under-
taken by polymerase chain reaction—restriction fragment length polymorphism. Three-month follow-up data included vascular compli-
cations, mortality, and modified Rankin Scale score. Associations were investigated among CYP2C]9 genotypes, clopidogrel
responsiveness, and clinical outcomes.

RESULTS: One hundred and eight participants were included. Median age was 56 years (interquartile range, 48.8 —65.0 years), and 35 (32.4%)
were male. Forty-four participants were classified into group 1(homozygous CYP2C19*1/*1); 31, into group 2 (25 with CYP2C19*]/*2, two with
CYP2C19*1/*3, three with CYP2C19*3/%3, one with CYP2C19*2/%3); 28, into group 3 (24 with CYP2C19*1/*17, four with CYP2CI19*17/*17); and
5, into group 4 (CYP2C19*2/%17). A significantly higher proportion of participants in group 3 experienced ischemic events (9 of 28, 32.1%)
compared with group 1 (5 of 44, 11.4%; P = .04; odds ratio, 3.7; 95% confidence interval, 11-12.6). There was no significant difference in
clopidogrel response among the 4 genotype groups.

CONCLUSIONS: Individuals with CYP2CI19*17 may have increased risk of ischemic events following endovascular treatment, independent
of clopidogrel responsiveness. Larger studies are required to confirm the influence of CYP2C19*17 on clinical outcomes and to understand

the mechanisms for increased ischemic events.

ABBREVIATIONS: IQR = interquartile range; PRU = platelet reactivity unit

Endovascular treatment of cerebrovascular diseases, for exam-
ple intracranial aneurysms and large artery stenosis, involves
the placement of metallic coils or stents." These procedures are
followed by increased thrombotic activity and platelet aggrega-
tion, resulting in ischemic complications.””
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Clopidogrel is a commonly used antiplatelet drug to reduce
the rate of procedure-related thrombosis.*>

Clopidogrel is a prodrug and requires hepatic metabolism me-
diated by the cytochrome P450 2C19 (CYP2CI19) enzyme to pro-
duce the active R-130964 constituents.® Active R-130964 perma-
nently binds to P2Y12 G-protein-coupled platelet surface
receptors to block the effects of adenosine diphosphate, leading to
inhibition of platelet aggregation.”

The response to clopidogrel varies widely among individuals.
Up to 66% of patients with cerebrovascular disease have a reduced
response to clopidogrel,® "' placing them at higher risk of throm-
bosis,'> while 14.9%-38% of patients are hyper-responsive to
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clopidogrel.'*'* Differing responses to clopidogrel may be related
to CYP2C19 gene polymorphisms.®® Of particular clinical impor-
tance are the CYP2C19*2 and CYP2C19*3 alleles, more com-
monly seen in Asian descent than African and Caucasian descent,
which reduce enzyme activity and have been associated with an
increased incidence of stent thrombosis in coronary intervention
studies.®'? In contrast, CYP2C19%17 may increase hemorrhagic
complications,'* but its impact on ischemic events and clinical
outcome has not been definitively clarified.'*'?

The influence of CYP2CI19 polymorphisms on outcomes to
clopidogrel treatment has been poorly studied in patients with
cerebrovascular disease compared with cardiovascular disease.
Results from studies in coronary artery disease cannot be readily
extrapolated to cerebrovascular disease owing to their different
pathophysiology. Coronary artery studies focus mainly on clopi-
dogrel hyporesponsiveness and ischemia as phenotypic outcomes
because hemorrhagic complications are rare.'® However, both
ischemia and hemorrhage are considerable risks for patients un-
dergoing endovascular neurointervention.'”

We prospectively investigated the relationship among com-
mon CYP2CI9 variants, clopidogrel response, and clinical out-
comes in patients following neurointerventional procedures. We
hypothesized that CYP2C19 variants were associated with clinical
outcomes.

MATERIALS AND METHODS
Subjects
This was a prospective cohort study. Consecutive patients who
underwent elective neurointervention for intracranial aneurysms
or intracranial stenosis were prospectively recruited from The
Royal Melbourne Hospital. The neurointervention procedures
included simple coiling, balloon-assisted coiling, stent-assisted
coiling, balloon and stent-assisted coiling, and Pipeline Emboli-
zation Device (Covidien, Irvine, California) flow-diversion stent
placement of intracranial aneurysms and intracranial stenosis.
Inclusion criteria were the following: age older than 18 years,
imaging evidence of intracranial aneurysms or intracranial steno-
sis intended for neurointervention, and ongoing use of clopi-
dogrel on recruitment. Participants were excluded if there was
significant coagulopathy, such as hemophilia, or other terminal
medical comorbidities. All participants provided written in-
formed consent in accordance with the Declaration of Helsinki.
The study was approved by the Royal Melbourne Hospital Hu-
man Research and Ethics Committee (HREC 2006.155).
Baseline demographic information for each participant included
the following: age, sex, ethnicity (African, Asian, Caucasian), cere-
brovascular risk factors (smoking history, diabetes, hypertension, hy-
percholesterolemia, atrial fibrillation, and peripheral vascular dis-
ease), size and location of the aneurysms, and indication for the
procedure (stent placement or coiling of aneurysm or stenosis). All
participants were prescribed clopidogrel, 75 mg/day, and aspirin, 150
mg/day, for atleast 3 days before the procedures. Concomitant use of
heparin, warfarin, and proton-pump inhibitors was noted.

Ex Vivo Clopidogrel Response Testing
Arterial blood samples were collected perioperatively through the
angiographic puncture site of the femoral artery. Samples col-

lected in sodium citrate tubes were rested at room temperature
(25°C) for 30 minutes to 4 hours. After resting, the samples were
tested for clopidogrel responsiveness by using the VerifyNow
P2Y12 assay (Accumetrics, San Diego, California) in accordance
with the manufacturer’s instructions. The assay produces a value
for inhibition of platelet activity in a percentage (percentage inhi-
bition). This value indicates the level of active clopidogrel metab-
olite-P2Y12 receptor interaction, which inhibits platelet aggrega-
tion.'® According to the manufacturer’s manual, percentage
inhibition is derived by the VerifyNow P2Y12 assay from the
platelet reactivity unit (PRU) and baseline platelet thrombosis
activity (BASE). The formula used to calculate percentage inhibi-
tion is Percentage Inhibition = (BASE — PRU) X 100/BASE.

CYP2C19 Genotyping

For each patient, a second blood sample was collected, from
which genomic DNA was extracted by using the Gentra Puregene
Blood Kit (Qiagen, Hilden, Germany) and suspended in DNA
Hydration Solution (Qiagen).

Genotyping for CYP2C19%2, *3, and *17 was performed by
using polymerase chain reaction—restriction fragment length
polymorphism as previously described (*2 and *3'%; *17°°). Each
polymerase chain reaction contained GoTaq Hot Start Mastermix
(Promega, Madison, Wisconsin; 400-umol/L deoxyadenosine
triphosphate, 400-umol/L deoxyguanosine triphosphate, 400-
umol/L deoxycytidine triphosphate, 400-umol/L deoxythymi-
dine triphosphate, and 4-mmol/L magnesium chloride), 20-uM
forward and reverse primers, nuclease-free water, and 50-ng DNA
for *2 and *17 and 100-ng DNA for *3.

For CYP2C19*2, the 169-bp polymerase chain reaction prod-
uct was digested by 200-U Smal (New England Biolabs, Ipswich,
Massachusetts) at 25°C overnight. The CYP2CI9 *1 (wild type)
yields a 120- and 49-bp product, whereas the CYP2C19*2 (681
G>A) variant is resistant to digestion."”

The 636 G>A region for CYP2C19*3 identification was ana-
lyzed by digesting the 329-bp polymerase chain reaction product
with 16-U BamHI (New England Biolabs) at 37°C for 2 hours. The
CYP2C19*1 vyields a 233- and 96-bp product, while the
CYP2C19*3 variant was resistant to digestion."”

For the CYP2C19*17 variant, the 470-bp polymerase chain
reaction product (containing the 806 C>T region) was digested
with 40-U SfaNT (New England Biolabs) at 37°C for 3 hours fol-
lowed by enzyme inactivation at 65°C for 20 minutes. CYP2C19%1
yielded 3 products of 183, 142, and 113 bp. The CYP2C19*17
variant yielded 3 products of 217, 142, and 113 bp after diges-
tion.?® The digested patterns for each genotype were separated on
a 3% gel by electrophoresis.

To investigate the potential effect of different types of
CYP2C19 polymorphisms, we classified the participants into 4
mutually exclusive genotype groups based on their expected phe-
notypic behavior.

Clinical Outcomes

A neurologist (B.Y.) specializing in cerebrovascular disease as-
sessed the participants at 3 months after the procedure. Partici-
pants who were unable to attend clinics were contacted by
telephone.
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Clinical end points included cerebral ischemic events and in-
tracerebral hemorrhage periprocedurally and at 3 months post-
procedure, and 3-month postprocedural modified Rankin Scale
score and mortality. Periprocedural complications included in-
traoperative clot formations. Three-month ischemic end points
included transient ischemic attack (TIA) and symptomatic and
asymptomatic (without symptoms but evident on repeat imag-
ing) ischemic stroke. TIA was defined by an acute neurologic def-
icit that resolved within 1 hour without evidence of ischemia on
neuroimaging. Ischemic stroke was defined by an acute neuro-
logic deficit with evidence of ischemia on neuroimaging, without
hemorrhage. Hemorrhagic complications included intracranial
hemorrhages and any hemorrhage outside the cranium. Major
hemorrhagic complications were defined if the participant re-
quired surgical intervention. Brain CT and angiography were per-
formed as clinically indicated to identify vascular events.

The modified Rankin Scale score is a 6-scale score used to
describe functional status. mRS 0—1 is generally regarded as good
functional outcome, and mRS 26, poor functional outcome.”!

Statistical Analysis

Group 1 comprised wild type carriers (CYP2C19%1/*1), who also
acted as the control group. Group 2 comprised participants who
carried CYP2C19*2 or CYP2C19%3 (presumed hypofunctioning
alleles) in the absence of CYP2C19%17 (presumed hyperfunction-
ing allele). Group 3 comprised participants with CYP2C19%17 in
the absence of CYP2C19*2 and CYP2C19*3. Group 4 comprised
CYP2C19*2/*17 individuals (combination of hypo- and hyper-
functioning alleles). Group 1 was used as a reference group (be-
cause CYP2C19%1 is known to be the wild type variant) to facili-
tate the estimation of the effect of the inheritance of other
polymorphisms on individual clopidogrel response and clinical
outcome compared with the wild type.

Distribution of age and clopidogrel response among the 4 ge-
notype groups was examined by using the Kruskal-Wallis test
equality-of-population rank test. Imbalances in the proportion of
vascular risk factors in the 4 genotype groups were tested by the
Fisher exact test. Logistic regression analysis was used to investi-
gate the association between the group membership and the cat-
egoric outcomes (ischemia, hemorrhage, good functional out-
come [mRS 0-1]). The effect sizes for each outcome were
estimated as odds ratios by using group 1 as a reference.

The statistical analyses were conducted by using STATA, Ver-
sion 13 IC (StataCorp, College Station, Texas) and SPSS, Version
19 software (IBM, Armonk, New York). Due to the exploratory
nature of this study, no adjustment for multiplicity of compari-
sons was made, and the value of P = .05 was the threshold for
statistical significance for all the comparisons.

RESULTS

Baseline Characteristics

A total of 108 participants recruited from 2010 to 2013 were in-
cluded in this study. Among them, 93 (86.1%) underwent endo-
vascular treatment for unruptured aneurysms; 13, (12.0%) for
intracranial stenosis; and 2 (1.9%), for venous sinus stenosis.
Eleven (10.2%) participants underwent coiling alone, 26 (24.1%)
underwent balloon-assisted coiling, and 13 (12.0%) underwent
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Table 1: Clopidogrel response by genotype groups®

Fisher
Group1 Group2 Group3 Group4 Exact Test,
(n=38) (n=25) (n=25) (n=5) P Value
Percentage
inhibition®
Median 375 17.0 30.0 30.0 32
IQR 17.0-70.0 6.0-47.0 12.0-47.0 24.0-54.0

#Group 1. CYP2CI9*)/*I; Group 2. CYP2CI9*|/*2,*1/*3, *2/*2, *2/*3; Group 3:
CYP2C19*1/*17,%17/*17; Group 4: CYP2C19*2/*17.
© Percentage inhibition = (BASE — PRU) X 100/BASE.

concurrent stent placement and coiling, while 7 (6.5%) required
balloon-assisted stent placement and coiling. The median age was
56 years (interquartile range [IQR], 48.8—65.0), and 35 partici-
pants (32.4%) were men. Most (91.7%) were of white descent.
There was no significant difference in the age distribution
among the 4 groups (Kruskal-Wallis, P = .93). There was also no
significant difference in the distribution of sex in the genotype
groups (Fisher exact test, P = .06). No significant difference was
found among the 4 genotype groups for cerebrovascular risk fac-
tors, such as history of cerebrovascular disease (transient ischemic
attack, ischemic and hemorrhagic stroke), cigarette smoking, di-
abetes, hypertension, hypercholesterolemia, and atrial fibrillation
or peripheral vascular disease (Fisher exact test P = .13, P = .73,
P=.72,P=.61,P = .96, P = 91, P = .12, respectively).

CYP2C19 Genotypes

On the basis of the CYP2CI9 genotypes, 44 participants were clas-
sified into group 1 (homozygous CYP2C19*1/%1);31, into group 2
(25 with CYP2C19*1/*2, two with CYP2C19*1/*3, three with
CYP2C19*3/*3, one with CYP2C19*2/*3; none had CYP2C19*2/
*2). Twenty-eight were classified into group 3 (24 with
CYP2C19*1/*17, four with CYP2C19*17/*17); and 5, into group 4
(CYP2C19*2/*17; none had CYP2C19*3/*17). There was no sig-
nificant difference in the distribution of age, sex, and other cere-
brovascular risk factors among the 4 CYP2C19 genotype groups.

CYP2C19 Genotypes and Outcomes

At 3 months postprocedure, 18 of 108 (16.7%) participants had
experienced ischemic events, 16 (14.8%) had hemorrhagic com-
plications (5 major and 11 minor), and 4 (3.7%) had complica-
tions of both a hemorrhagic and ischemic nature. Two of the
ischemic complications occurred in the periprocedural period.
Ninety-nine of 108 (91.7%) participants had good functional out-
come at 3 months. One participant, who carried CYP2C19%1/*1,
died (Tables 1 and 2).

A significantly higher proportion of participants in group 3
(CYP2C19*1/*17 or *17/*17) experienced ischemic events (9 of
28, 32.1%) compared with group 1 (CYP2C19*1/%1) individuals
(5 of 44, 11.4%; P = .04; odds ratio, 3.7; 95% confidence interval,
1.1-12.6). The difference remained significant after adjustment
for age (P = .03; OR, 4.0; 95% CI, 1.1-14.3) and ex vivo clopi-
dogrel response (P = .04; OR, 4.5; 95% CI, 1.1-17.9). No signif-
icant differences between group 1 (5 of 44, 11.4%) and the other
genotype groups, groups 2 (3 of 25, 9.7%) and 4 (1 of 5, 20%),
were identified in the incidence of ischemia. Other adjustments
for sex, history of cerebrovascular disease, and peripheral vascular
disease did not have a significant influence on the results.



Table 2: Postprocedural clinical outcomes by genotype groups®

DISCUSSION

Fisher Clopidogrel is a common antiplatelet pre-

Group1 Group2 Group3 Group4 ExactTest,  scribed to prevent secondary ischemia for

‘ — fwecal) eel] (Wepd) ed] P Value patients with cerebrovascular conditions

Ischemic complication (No.) (%) 5(11.4) 3(97)  9(321)  1(20.0) .08 treated by endovascular techniques.
Hemorrhagic complication (No.) (%)  8(18.2) 13.2) 5(17.9)  2(40.0) .06 - . 1 clobidorel

MRS =2 (No.) (%) 5M4) 1320 2(7)  1(200) 35 owever, variations In- clopidogrel re-

2 Group 1: CYP2CI9*/*1; Group 2: CYP2CI9*l/*2,*1/*3, *2/*2, *2/*3; Group 3: CYP2CI9*|/*17,*17/*17; Group 4:

CYP2C19*2/*17.

No significant differences between group 1 and the other ge-
notype groups were identified in the incidence of hemorrhage.
Age is a known influencing factor on mRS. However, there was no
significant difference in age-adjusted mRS between group 1 and
the other genotype groups.

CYP2C19 Genotypes and Ex Vivo Clopidogrel Response
Clopidogrel response was available in 93 participants. Of these
participants, 38 of 44 (86.4%) were from group 1; 25 of 31
(80.1%), from group 2; 25 of 28 (89.3%), from group 3; and 5 of
5 (100%), from group 4. The median clopidogrel response was
37.5% inhibition (IQR, 12.0%-70.0%) for group 1, 17.0% (IQR,
6.0%—47.0%) for group 2, 30.0% (IQR, 12.0%—47.0%) for group
3, and 30.0% (IQR, 24.0%-54.0%) for group 4. Overall, there was
no significant difference in clopidogrel response in terms of per-
centage inhibition among the 4 genotype groups (Kruskal-Wallis,
P = .32). There was no significant difference in percentage inhi-
bition among patients with no complications (26.0%; IQR,
12.0%-53.0%) compared with ischemic events (30.6%; IQR,
2.75%-51.0%; P = .5) and hemorrhagic events (47.9%;
IQR, 31.5%-70.8%; P = .9).

PRU values were also compared between the genotype groups
2, 3, and 4 and group 1. The median PRU between group 1 and
group 2 was not significant (237; IQR, 105-291 versus 261; IQR,
184-316; P = .78). Similarly, no significance was found between
group 1 and group 4 (237; IQR, 105-291 versus 246; IQR, 195—
281; P = .88). There appeared to be a significant difference be-
tween the median PRUs of group 1 and group 3 (237; IQR, 105—
291 versus 232; IQR, 209-245; P = .03).

Ex Vivo Clopidogrel Response and Clinical Outcomes
Among the 93 participants with clopidogrel-response testing, 16
(17.2%) experienced ischemic events. There was no significant
difference between the median clopidogrel response of partici-
pants who developed ischemic events ([n = 16] 15.5%; IQR,
2.5%-55.0%) compared with participants without ischemic
events ([n = 77] 30.0%; IQR, 13.0%—65.0%) (P = .3).

Of the 93 participants with clopidogrel-response results, 14
(15.1%) experienced hemorrhagic events. The median clopi-
dogrel response of participants who experienced hemorrhagic
events was significantly higher ([n = 14] 46.0%; IQR, 30.0%—
72.0%) compared with those who did not experience hemor-
rhages ([n = 22] 22.0%; IQR, 1.0%-53.0%) (P = .03).

There was no significance between the median PRU values for
the ischemic-versus-nonischemic participants (253; IQR, 151.75—
313.75 versus 244; IQR, 172-295; P = .44). Similarly, the median
PRU evaluation was made for hemorrhagic-versus-nonhemor-
rhagic participants (211; IQR, 100-242 versus 249; IQR, 172.5—
306.5; P = .60). These results showed no statistical significance.

sponse associated with CYP2CI19 poly-
morphisms may have a negative impact
on treatment results.

Our investigation suggests increased risk of ischemic events in
individuals carrying the CYP2C19%17 allele (group 3) compared
with homozygous CYP2C19%1/*1 wild type carriers (group 1).
CYP2C19*17 is generally thought to be hyperfunctioning™; this
feature should suggest an increased risk of hemorrhage. However,
our study shows CYP2C19*17 to be significantly associated with
ischemic events, despite no significant association with platelet
activity. This novel finding is unexpected and leads us to suspect
involvement of other pathways in the association between the
CYP2C19 gene and clinical outcomes. Our study did not obtain
data from imaging sources to interpret clinical outcomes but, in-
stead, defined ischemic events evidenced by stroke or transient
ischemic attacks in clinical follow-up only.

Correlation between CYP2C19*17 and secondary ischemic
events following endovascular treatment of cerebrovascular dis-
ease has not been reported previously, to our knowledge. How-
ever, studies investigating the phenotypic effects of CYP2C19*17
are limited, and the influence of this polymorphism on the activity
of clopidogrel, and hence clinical outcomes, remains controver-
sial. Although a recent study in patients with myocardial infarc-
tion has suggested a significantly increased incidence of bleeding
events and 1-year mortality rate among CYP2C19*17 carriers,"”
others have found that CYP2C19%17 has minimal influence on
clopidogrel response.”’ The lack of association between
CYP2C19*17 and the ex vivo clopidogrel response in the present
study, along with conflicting findings in previous studies, suggests
that the polymorphism may influence clinical outcomes via
mechanisms independent of measured clopidogrel response in
this patient population. This influence has not been previously
investigated and deserves further exploration in future studies.

Compared with CYP2C19%17, CYP2C19*2 and CYP2C19*3
are well-documented as hypofunctioning alleles in healthy sub-
jects and patients with coronary artery and cerebrovascular dis-
eases.”'>?** These alleles have also been reported to be signifi-
cantly associated with subacute stent thrombosis and myocardial
infarction following percutaneous coronary intervention.**
This correlation is understood to be a leading cause for increased
risk of ischemic complications.”® Our results did not find
CYP2C19*2 or CYP2CI19*3 to be significantly associated with
clinical outcome and clopidogrel response. However, the trends
indicated in our results are reflective of those in previous
literature.

In this study, CYP2C19 polymorphism was not associated sig-
nificantly with mRS, a commonly used functional outcome in
interventional studies of cerebrovascular disease. The inclusion of
primarily participants undergoing elective procedures may ex-
plain the small number of poor functional outcomes recorded,
with mRS =2 recorded in only 8.5% (7 of 106). This low incidence
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of poor clinical outcome limited our ability to draw conclusions
concerning the influence of CYP2CI19 genotypes on functional
outcomes. Further studies to validate the association between
CYP2C19 polymorphisms and functional outcomes are needed
because cerebrovascular complications (ischemia and hemor-
rhage) are major contributors of morbidity.

Our results did not show a significant association between
clopidogrel response and CYP2C19 polymorphisms and clinical
outcome. Point-of-care clopidogrel response testing platforms
such as the VerifyNow P2Y12 assay could add clinical benefits for
patients receiving endovascular neurointervention, provided that
standardized values predicting response (ischemia and hemor-
rhage) can be defined. However, there is currently no standard
definition for VerifyNow P2Y12 assay values. Values assigned to
define clopidogrel hyporesponsiveness in previous studies vary
widely between 15%"® and 40%,>” though the cutoff value of 20%
is commonly used.'**® Likewise, there is no standard VerifyNow
P2Y12 value to define clopidogrel hyperresponsiveness. The rare
occurrence of hemorrhagic complications in coronary artery dis-
ease may have resulted in limited research being conducted on
clopidogrel hyper-responsiveness. PRU values are also useful in
defining clopidogrel responsiveness. However, the PRU values
were not found to be statistically significant for the clinical out-
comes of our study, ischemia and hemorrhage, compared to no
complications. Similarly, no significance was found in PRU values
of CYP2C19*2 and CYP2C19*3 compared with the wild type.
However, the PRU values in CYP2CI19*17 carriers were signifi-
cantly lower compared with the wild type. The influence of
CYP2C19*17 on platelet reactivity is an area that requires more
research.

The findings in our study were novel. However, the mecha-
nism by which CYP2C19%17 influenced clinical outcomes re-
mains undefined because we did not find a significant correlation
between the CYP2C19%17 genotype and platelet activity. The
main limitation of the present study was the small sample size,
and the elective nature of the endovascular treatments was likely a
contributing factor to low rates of poor functional outcomes.

CONCLUSIONS

Our results suggest an increased risk of ischemic events in carriers
of CYP2C19*17 who undergo neurointervention. Further re-
search to validate the association and to understand the underly-
ing biologic mechanisms is warranted.
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