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based on CYP2C19 genotype and platelet
function on the prognosis of patients after PCI
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Abstract. - OBJECTIVE: To evaluate the ef-
fect of individualized antiplatelet therapy based
on CYP2C19 genotype and platelet function on
the prognosis of patients after percutaneous
coronary intervention (PCIl) compared with con-
ventional antiplatelet therapy.

PATIENTS AND METHODS: Patients diag-
nosed with acute coronary syndromes (ACS) in
Shandong Provincial Qianfoshan Hospital from
December 2014 to December 2017 were includ-
ed in this prospective study and randomly divid-
ed into conventional (CA) and individualized an-
tiplatelet therapy group (l1A) at 1:1 ratio. Patients
in the CA group received clopidogrel 75 mg
once a day (QD). Group IA was divided into ex-
tensive, intermediate, and poor metabolizers ac-
cording to the results of the CYP2C19 gene test.
Three genotypes were given clopidogrel 75 mg
QD, 75 mg twice daily (BID) and ticagrelor 90 mg
BID respectively. After taking these medicines
for a period of time, platelet function was moni-
tored by thromboelastography (TEG) and MA,
values were recorded. MA _ indicates the ade-
nosine diphosphate (ADP) induced platelet func-
tion that not inhibited by medicine. High platelet
reactivity (HPR) was defined as MA, , > 47mm,
indicating a high risk of thrombus, and MA, _ =
31 mm indicates a high risk of hemorrhage. For
extensive metabolizers (EMs) and intermediate
metabolizers (IMs) patients with HPR, the an-
tiplatelet therapy would be changed by the cli-
nician according to the patient’s conditions.
Major adverse cardiovascular events (MACE)
and hemorrhage events were monitored during
1-year follow-up.

RESULTS: The patients with MA, , > 47 mm
were 89 (28.6%) in the IA group. There were
50 EMs patients with MA, . > 47 mm (33.3%).

Clinical Trial Registration Number
chictr-inc-17011550.

Of which, there were 2 cases which changed
the dosage of clopidogrel to 75 mg BID, 14
cases who changed clopidogrel to ticagrelor.
There were 36 IMs patients with MA, | > 47 mm
(30.8%). Of which, there were 19 cases who
changed clopidogrel to ticagrelor. There was no
significant difference in the value of MA . be-
tween EMs and IMs patients. Within 1 year af-
ter PCI, the occurrence of MACE in the IA group
was significantly lower than that in the CA group
(p=0.010).

CONCLUSIONS: (1) Patients with a CYP2C19
loss-of-function (LOF) gene who take double
doses of clopidogrel overcome the decreased
efficacy of clopidogrel which partly due to CY-
P2C19 LOF gene, without increasing the risk of
hemorrhage. (2) Individualized antiplatelet ther-
apy based on CYP2C19 genotype and plate-
let function can significantly reduce the occur-
rence of MACE (mainly acute non-fatal myocar-
dial infarction) after PCI without increasing the
risk of moderate or severe hemorrhage.
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Introduction

Percutaneous coronary intervention (PCI) is
an important treatment for patients with acute
coronary syndrome. However, stent thrombosis,
myocardial infarction and other adverse cardio-
vascular events still occurred on patients after
coronary stent implantation. Platelet activation
and aggregation is one of the main mechanisms
of ischemic event recurrence after PCI'?. Dual
antiplatelet therapy (DAPT) with aspirin in com-
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bination with a P2Y , receptor inhibitor (clopido-
grel or ticagrelor) is one of the standard therapies
for reducing ischemic events in patients with
coronary heart disease after PCI*®.

The antiplatelet effects of clopidogrel vary
widely among individuals and RACES. Many
patients receiving regular doses of clopidogrel
showed high on-treatment platelet reactivity
(HPR)’. HPR is an independent risk factor for
ischemic events after PCI>'°.

Clopidogrel is an inactive prodrug. After oral
administration, it is absorbed in the intestine and
mediated by different cytochrome P450 enzymes
in the liver. After two-step enzyme activation
and metabolism, it is transformed into active
substances. Then, it can inhibit the adenosine di-
phosphate (ADP) mediated platelet activation and
aggregation by irreversibly binding to P2Y  re-
ceptor coupled with ADP on the platelet surface'.
The gene polymorphism of CYP2C19, which is in-
volved in the activation and metabolism of clopi-
dogrel, is related to the individualized difference
in the efficacy of clopidogrel. Ticagrelor, a new
P2Y , receptor inhibitor, is not a precursor drug.
It has a strong anti platelet aggregation effect and
is not affected by the enzyme gene polymorphism
in the liver. However, due to higher hemorrhage
risks, side effects such as dyspnea, and social and
economic factors, the number of patients using
clopidogrel is still very large'?.

The first step of the activation of clopidogrel
in the liver produces the intermediate metabo-
lite 2-oxo-clopidogrel, which is mainly mediated
by CYP2C19, CYPIA2 and CYP2B6, and their
contribution rates are 19.4%, 35.8% and 44.9%,
respectively. The second step involves the partic-
ipation of CYP2C19, CYP2B6, CYP2C9, CYP344
and other enzymes, with the contribution rate of
20.6%, 32.9%, 6.76% and 39.8% respectively'"'3,
CYP2C19 is the only CYP450 enzyme that plays
an important role in the two-step activation and
metabolism of clopidogrel.

The gene encoding CYP2C19 is highly poly-
morphic*, CYP2CI19 loss of function (LOF)
allele was significantly correlated with HPR. In
patients with CYP2C19 LOF allele, the activation
and metabolism rate of clopidogrel decreased,
and the transformation of active substances was
limited, which led to the decrease of the ability of
clopidogrel to inhibit platelet aggregation in vivo.
Among patients receiving clopidogrel, the CY-
P2C19 LOF allele carriers had significantly higher
rates of HPR and ischemic events than non-carri-
ers'*!*. The most common CYP2C19 LOF allele is
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* 2 (c.681g > A; rs4244285). Its gene frequency is
about 12%-15% in Caucasians and Africans, and
29% - 35% in Asians. The less common CYP2CI9
LOF * 3 (rs4986893, ¢.636G>A;) allele frequency
in Asians is 2-9%''°. This means that 25-30%
of people of European and African descendant
and around 50% of Asians carry at least one
CYP2CI9 LOF allele. This significantly affects
their ability to metabolize drugs through the EN-
ZYME CYP2C1I9. This significantly affects their
ability to metabolize drugs through CYP2CI9.

Therefore, to explore how to choose P2Y, re-
ceptor inhibitors to carry out individualized anti-
platelet therapy for CYP2C19 LOF allele carriers,
so that all patients can get sufficient and safe
antiplatelet therapy as far as possible, and achieve
the purpose of effectively preventing ischemic
events without increasing the risk of hemorrhage,
is a very meaningful work, and more and more
people pay attention to it. However, there is still
room for further research and Discussion on
which individualized treatment is safer and more
effective.

It was found that for patients carrying one
CYP2C19 * 2, increasing the dose of clopidogrel
could enhance the platelet inhibition system and
overcome the variation of antiplatelet reactivity
in these patients, but for patients carrying two
CYP2C19 * 2, increasing the dose of clopidogrel
has no evident effect'”'®. However, the results
of other studies found that doubling the dose of
clopidogrel could not overcome the variation of
antiplatelet reactivity of patients with one CY-
P2C19%2"%0,

This study evaluated the efficacy and safety of
individualized antiplatelet therapy based on CY-
P2C19 genotype and platelet function to explore
safe and effective individualized antiplatelet ther-
apy for patients after PCI.

Patients and Methods

Patients

This study is a prospective study. Acute cor-
onary syndromes (ACS) patients who received
PCI in Shandong Provincial Qianfoshan Hospital
from December 2014 to December 2017 were
included according to inclusion and exclusion
criteria. Inclusion criteria: (1) patients diagnosed
with ACS (including unstable angina, acute non-
ST-segment elevation myocardial infarction, and
acute ST-segment elevation myocardial infarc-
tion) according to guidelines*** and prepared
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for PCI; (2) agree to participate in the study and
sign the informed consent. Exclusion criteria: (1)
no coronary stent implantation; (2) people who
cannot take aspirin, clopidogrel or ticagrelor as
planned for any reason; (3) serious liver and
kidney function damage (glutamate transami-
nase more than 4 times normal, blood creatinine
>200 pumol/L); (4) platelet count >450x10° / L or
<100x10° / L; (5) Other anticoagulant or anti-
thrombotic drugs were applied within 24 hours
of thromboelastograph (TEG) test.

This study was approved by the Ethics Com-
mittee of Shangdong Provincial Qianfoshan Hos-
pital. The specific operation and significance of
the trial study, as well as the examination items
that need to be matched, are informed to all
subjects at the time of selection. The enrolled
subjects have signed informed consent before
participating in the study.

Antiplatelet Therapy

All patients were randomized to conventional
antiplatelet therapy (CA) and individualized an-
tiplatelet therapy (IA) at 1:1 ratio. Patients in the
IA group were immediately tested for CYP2C19
alleles, which were classified into the following
metabolic types: extensive metabolizers (EMs,
no LOF allele), intermediate metabolizers (IMs,
carrying one LOF allele), and poor metabolizers
(PMs, carrying two LOF alleles). All patients
took aspirin 100 mg once a day (QD) after en-
rolling. Patients in CA group were treated with
clopidogrel 75 mg QD. Patients with EMs, IMs
and PMs were treated with clopidogrel 75 mg
QD, clopidogrel 75 mg twice a day (BID) and
ticagrelor 90 mg BID respectively. Patients who
did not continuously take the routine mainte-
nance dose of the above drugs (aspirin 100 mg
QD, clopidogrel 75 mg QD, ticagrelor 90 mg BID)
for at least three days before the administration of
the above drugs were given the loading dose of
corresponding drug: Aspirin 300 mg, clopidogrel
300 mg or ticagrelor 180 mg. At least 6 hours
after taking 300 mg loading dose of clopidogrel,
at least 2 days after taking maintenance dose
clopidogrel, at least 2 hours after taking 180 mg
loading dose of ticagrelor, and at least 6 hours
after taking maintenance of ticagrelor, platelet
function was monitored by TEG and MA
values was recorded. MA | is the platelet-fibrin
blood clot strength induced by ADP, which can
respond to the ADP induced platelet function
that not inhibited by drugs. HPR was defined as
MA, . > 47 mm, indicating a high risk of throm-

bus, and MA . < 31 mm indicates a high risk
of hemorrhage. For EMs patients with HPR, the
antiplatelet treatment was changed or unchanged
by the clinicians according to the patient’s condi-
tions: changed the dosage of clopidogrel to 75 mg
BID, or changed clopidogrel to ticagrelor (90 mg
BID), or maintained the original treatment. For
IMs patients with HPR, the antiplatelet treatment
was changed or unchanged by the clinicians ac-
cording to the patient’s conditions: changed clopi-
dogrel to ticagrelor (90 mg BID), or maintained
the original treatment. The treatment regimen of
other patients remained unchanged. All patients
continued to take dual antiplatelet drugs for at
least 12 months, (Figure 1).

The interventional therapy and other drug
treatment of the patients in this study are decided
by clinicians according to the current guide-
lines™*** and clinical conditions.

At month 1, 6, and 12, outpatient or telephone
follow-up was conducted, and the readmission
patient medical records and examination data
were reviewed to monitor medication status, effi-
cacy end points, and safety end points.

Clinical End Point

The primary efficacy endpoint was a compos-
ite endpoint that included nonfatal myocardial
infarction®?2%, definite stent thrombosis®®, and
all-cause death. The primary safety endpoint was
moderate or severe hemorrhage, and the second-
ary safety endpoint was mild hemorrhage. Hem-
orrhage events were classified according to pre-
vious literature?’ (Type 1 was mild hemorrhage,
type 2, 3, 5 was moderate or severe hemorrhage).

CYP2C19 LOF Allele Detection

The presence of CYP2CI9 LOF allele CY-
P2C19*%2 (681G>A, 1s4244285) and CYP2CI19*3
(636G>A, 154986893) was detected by gene chip
immediately after the patients were enrolled in
the A group. Take the whole blood samples of
patients for DNA extraction. CYP2CI9 * 2 and
CYP2CI19 * 3 gene regions were amplified by
real-time polymerase chain reaction (PCR). Then,
the CYP2C1I9 allele was hybridized and analyzed.
The above procedures used the kit from Sinochips
Bioscience Co., Ltd. (Zhuhai, Guangdong, China)
in accordance with the manufacturer’s guidelines.

Platelet Function Test

After taking clopidogrel or ticagrelor for at
least 5 days, 4 ml whole blood of the patients
enrolled in this study was collected, inhaled into

10755



M. Zhang, J.-R. Wang, Y. Zhang, P. Zhang, M.-Y. Ren, X.-M. Jia, L.-P. Ma, M. Gao, Y.-L. Hou

‘ 639 ACS patients eligible for inclusion ‘

12 lost the interview,
3 terminated the trial due to surgery,
7 quit due to self-modification

‘ 617 included in statistical analysis ‘

306 in CA group

311 inTA group

—— CYP2C19 alleles were detected

¢ A 4 ‘
| 150 EMs ‘ 117 T™s ‘ ‘ 44 PMs ‘
v v v v

Aspirin 100 mg QD
Clopidogrel 75 mg QD

Aspirin 100 mg QD
Clopidogrel 75 mg QD

Aspirin 100 mg QD
Clopidogrel 75 mg BID

Aspirin 100 mg QD
Ticagrelor 90 mg BID

[

Detection of platelet function
by TEG

Platelet function tested by TEG
MAADP<31 mm, n=87
31 mm<<MAADP<47 mm, n=130
MAADP>47 mm, n=89

A
‘ Detection of platelet function
by TEG

Platelet function tested by TEG
MAADP<31 mm, n=97
31 mm<<MAADP<47 mm, n=125
MAADP>47 mm, n=89

EMs and TMs with MA ypp > 47mm adjusted,
the rest remained unchanged.

EMSs,MA spp>47mm, 50
clopidogrel—75mg,BID, 2
—ticagrelor, 15-1
unchanged, 33+1

IMs,MA z\pp>4Tmm, 36

clopidogrel—ticagrelor, 20-1

unchanged, 16+1

v

Follow-up for 1 year

Figure 1. Study profile. CA, conventional antiplatelet therapy group; 1A, individualized antiplatelet therapy group; EMs,
extensive metabolizers; IMs, intermediate metabolizers; PMs, poor metabolizers; QD, once a day; BID, twice a day.

citrate and heparin anticoagulant blood vessels
respectively, and sent to the blood laboratory
of Qianfoshan Hospital in Shandong Province.
Platelet function was measured by using throm-
boelastometer (TEG 5000, Haemoscope compa-
ny of the United States) according to the manu-
facturer’s instructions by trained technicians. All
reagents are provided by Haemoscope company,
including kaolin, activator F and ADP. The val-
ue of MA . which represents platelet function
that can be induced by ADP while has not been
inhibited by drugs, was recorded. When P2Y
receptor inhibitor was applied, MA,  values be-
tween 31 and 47 mm suggested that platelet inhi-
bition may be safe and effective; MA , |, >47 mm
was defined as HPR, suggesting that the residual
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platelet function that was not inhibited by drugs
was still strong and the risk of thrombosis was
higher. MA, |, <31 mm suggested that platelet
function was too low and hemorrhage risk was
higher?.

Statistical Analysis

SPSS 19.0 software (IBM Corp., Armonk, NY,
USA) was used in this study for statistical anal-
ysis. Measurement data consistent with normal
distribution were expressed as mean + standard
deviation, and comparison between groups was
conducted using independent sample #-test or
one-way analysis of variance (ANOVA). Mea-
surement data that did not conform to normal dis-
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Table I. Demographic and clinical characteristics of patients in the CA and IA groups.

UA, n (%) 434 (70.3%)
NSTEML, n (%) 84 (13.6%)
STEML, n (%) 99 (16.0)

Laboratory test results
PLT count, 109/L
FIB, g/L, M (Q1, Q3)
LDL-C, mmol/L, M (QI, Q3)
Cr, pmol/L, M (Q1, Q3)
ALT, IU/L, M (Ql, Q3)

215 (182,251)
2.67 (2.31,3.20)
2.08 (1.69,2.66)
72.60 (62.71,83.28)
20.80 (15.05,29.52)

Characteristics Total N = 617 CA N = 306 IAN = 311 P
Age, yr,x* s 64.1 +£10.6 64.6 £10.7 63.6 £10.7 0.893
Males, n (%) 434 (70.3%) 214 (69.9%) 220 (70.7%) 0.827
Risk factors

Smoking, n (%) 314 (50.9%) 152 (49.7%) 162 (52.1%) 0.548
Drinking, n (%) 259 (42.0%) 131 (42.8%) 128 (41.2%) 0.677
Hypertension, n (%) 514 (83.3%) 260 (85.0%) 254 (81.7%) 0.272
Diabetes mellitus, n (%) 261 (42.3%) 133 (43.5%) 128 (41.2%) 0.562
Diagnosis at admission 0.961

217 (70.9%)
39 (12.7%)

217 (69.8%)
45 (14.5%)

50 (16.3%) 49 (15.8%)
215 (179,255) 215 (184,246) 0.930
2.67 (2.28,3.15) 2.66 (2.33,3.26) 0.491
2.05 (1.69,2.52) 2.16 (1.67,2.73) 0.310

72.53 (62.25,83.26)
19.95 (14.80,29.00)

72.80 (63.00,83.40)  0.654
21.10 (15.75,30.40)  0.121

X £ s mean =+ standard deviation; M (Q1,Q3), median (interquartile range); UA, unstable angina pectoris; NSTEMI, non-ST-
segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction; PLT, platelet; FIB, fibrinogen
concentration; LDL-C, low-density lipoprotein cholesterol; Cr, creatinine; ALT, alanine aminotransferase.

tribution were expressed as M (Q1, Q3), and rank
sum test was used for inter-group comparison.
Enumeration data were expressed in proportion
(%), and chi-square test was used for inter-group
comparison. Univariate and multivariate Logis-
tic regression was used to analyze the factors
affecting the endpoint. When the p-value of the
bilateral test was less than 0.05, the difference
was statistically significant.

Results

Demographic and Clinical Data

In this study, 639 patients were enrolled ac-
cording to inclusion and exclusion criteria, and
617 patients were finally included for analysis (7
patients dropped out due to self-changing medi-
cation regimen, 3 patients quit due to surgery, and
12 cases were lost to follow-up). Among them,
434 (70.3%) were males with a median age of
64 years. There were 306 patients in CA group
and 311 patients in IA group. The basic clinical
data of the patients in the two groups: age, sex,
smoking history, drinking history, hypertension,
diabetes mellitus, admitting diagnosis, platelet
count, fibrinogen, low density lipoprotein cho-
lesterol (LDL-C), creatinine, and alanine amino-
transferase showed no statistical difference (all
have p > 0.05, Table I).

CYP2C19 Genotype Distribution in
IA Group

There were 311 patients in IA group, 150
(48.2%), 117 (37.6%) and 44 (14.2%) of whom
were EMs, IMs, and PMs, respectively (Figure
2). The proportion of patients carrying CYP2C19

Figure 2. Phenotype distribution proportion of CYP2CI9
allele in TA group. 1A, individualized antiplatelet therapy
group; EMs, extensive metabolizers; IMs, intermediate
metabolizers; PMs, poor metabolizers.
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LOF alleles was 51.8%. The mutation rate of CY-
P2C19 * 2 and * 3 alleles was 33.2%, which was
similar to the previous reports on the mutation
rate of CYP2CI9*2 and *3 alleles in Chinese
Han population®.

Comparison of Platelet Function
Between CA and IA Groups

The patients with MA, . > 47mm were 89
(29.1%) in the CA group, 89 (28.6%) in the 1A
group, 50 (33.3%) in the EMs, 36 (30.8%) in the
IMs and 3 (6.8%) in the PMs. The patients with
MA . < 31 mm were 87 (28.4%) in the CA group,
97 (31.2%) in the LA group, 38 (25.3%) in the EMs,
28 (23.9%) in the IMs and 31 (70.5%) in the PMs.

There was no significant difference in
MA . classification (< 31 mm, 31 mm <
MA, . <47 mm, > 47 mm) between CA group
and TA group (p = 0.740). There was no sig-
nificant difference between EMs and IMs (p
= 0.808). There were significant differences
between PMs and EMs, PMs and IMs (p <
0.001), (Figure 3).

There was no significant difference in the val-
ue of MA _ between CA group and IA group
(p = 0.341). There was no significant difference
in the value of MA,  among the CA group,
IA group, EMs, IMs (all had p > 0.05). There

#MAADP<31mm =31mm<MAADP<47mm =MAADP>47mm
100% -

90% -

80% -

70% -

60% -

50% -

40% -

Percentage (%)

30% -

20%

10% -

0%

CA 1A EMS IMS PMS

Figure 3. Percentage of patients with MA, . > 47 mm, 31
mm <MA,  <47mmor MA, <31 mminCA,]IA groups,
EMs, IMs and PMs genotypes. MA ., ADP-induced
platelet-fibrin clot strength; CA, conventional antiplatelet
therapy group; IA, individualized antiplatelet therapy
group; EMs, extensive metabolizers; IMs, intermediate

metabolizers; PMs, poor metabolizers.

10758

100 P <0001

P=0355

d
P=10.778 P <0.001
r

r "
=0.3: =0.557 <
80| P=0.341 P=055 P <0.001

MA ,pp (mm)

0
(1}

T T T T T
CA TA EMs ™Ms PMs

Figure 4. MA  , of patients in CA, IA Groups, EMs, IMs
and PMs genotypes. MA, |, ADP-induced platelet-fibrin clot
strength; CA, conventional antiplatelet therapy group; IA,
individualized antiplatelet therapy group; EMs, extensive
metabolizers; IMs, intermediate metabolizers; PMs, poor
metabolizers; Lines at median with interquartile range.

were significant differences between PMs and
CA group, PMs and EMs, PMs and IMs (all had
p <0.001), (Figure 4).

In the [A group, there were 50 EMs patients
with MA > 47 mm (33.3%). Of which, there
were 2 cases who changed the dosage of clopido-
grel to 75 mg BID, 14 cases who changed clopido-
grel to ticagrelor, 1 case who changed clopidogrel
to ticagrelor then changed back to clopidogrel
because of the adverse effects of dyspnea of tica-
grelor, and the other 33 cases maintained the orig-
inal treatment. There were 36 IMs patients with
MA . > 47 mm (30.8%). Of which, there were
19 cases who changed clopidogrel to ticagrelor, 1
case who changed clopidogrel to ticagrelor then
changed back to clopidogrel because of outpatient
health insurance medication restrictions, and the
other 16 cases maintained the original treatment,
(Figures 1 and 5).

We compared the MA | values of Ca and 1A
groups. MA | is the strength of platelet fibrin
blood clot induced by cyclooxygenase. The larg-
er the value, the worse the response to aspirin.
The MA, , values of the two groups did not
conform to the normal distribution. By nonpara-
metric test, there was no significant statistical
difference in MA , value between Ca and 1A
groups (p = 0.402; Figure 6).
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MA spp stratification in the IA group

l\zln‘;;’i" MAapp<31 31<MAapp<47 MApp>47
EMs 38(25.3%) 62(41.3%) [50(33.3%)
IMs 28(23.9%) 53(45.3%) |36(30.8%)
PMs 31(70.5%) 10(22.7%)  3(6.8%)

2. clopidogrel—75mg,BID

14: clopidogrel—ticagrelor 90mg,BID
(One with dyspnea returned to clopid
ogrel)

the rest 33 remain unchanged

19: clopidogrel—ticagrelor 90mg,BID
(One changed back to clopidogrel be
cause of insurance medication restric
tions)

the rest 16. remain unchanged

Figure 5. Adjust medication according to platelet function MA

Aop ADP-induced platelet-fibrin clot strength; CA, conventional

antiplatelet therapy group; IA, individualized antiplatelet therapy group; EMs, extensive metabolizers; IMs, intermediate

metabolizers; PMs, poor metabolizers.

Comparison of Main Efficacy Endpoints
Between CA and IA Groups

Within one year after PCI, 23 (7.5%) cases of
MACE occurred in the CA Group which include
16 cases (5.2%) of non-fatal myocardial infarc-
tion, 2 (0.7%) cases of stent thrombosis, and 6
(2.0%) cases of all-cause death. Among them, 1

80- P=0.402

60+

290
o
G
&
S
2
55
00¢ oo
02008
°gou
2

20

o

Figure 6. MA,, of patients in CA, TA Groups. MA,,
cyclooxygenase-induced platelet-fibrin clot strength; CA,
conventional antiplatelet therapy group; IA, individualized
antiplatelet therapy group.

case of myocardial infarction was caused by stent
thrombosis, which was counted as 1 MACE to
ensure no repeat count.

There were 9 (2.9%) cases of MACE in [A
group which include 5 (1.6%) cases of non-fatal
myocardial infarction, 1 (0.3%) case of in-stent
thrombosis, 4 (1.3%) cases of all-cause death.
Among them, 1 case died after stent thrombosis,
which was counted as 1 MACE to ensure no re-
peat count (Figure 7).

The occurrence of MACE in TA group was
significantly lower than that in CA Group (° =

Percentage (%)

MACE AMI ST Death

Figure 7. Comparison of primary efficacy endpoints
between CA and IA groups. CA, conventional antiplatelet
therapy group; IA, individualized antiplatelet therapy
group; MACE, major adverse cardiac events; AMI, acute
myocardial infarction; ST, stent thrombosis.
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6.702, p = 0.010). The occurrence of non-fatal
myocardial infarction in [A group was signifi-
cantly lower than that in CA Group ()¢ = 6.151,
p = 0.013). There was no significant difference
in the occurrence of in-stent thrombosis between
CA and TA Group ()° = 0.351, p = 0.553). There
was no significant difference in the occurrence of
all-cause death between CA Group and A group
() = 0.440, p = 0.507) (Figure 7).

Comparison of Safety Endpoints
Between CA and IA Groups

Within one year after PCI, 7 patients in CA
Group and 9 patients in IA group had moderate
or severe hemorrhage events. There was no sig-
nificant difference between the two groups ()° =
0.224, p = 0.636). Within one year after PCI, 7 pa-
tients (2.3%) in CA Group and 25 patients (8.0%)
in IA group had mild hemorrhage. The rate of
slight hemorrhage in IA group was significantly
higher than that in CA Group. () = 10.374, p =
0.001) (Figure ).

Logistic Regression Analysis

According to the common risk factors of car-
diovascular disease reported in the literature and
the distribution characteristics of the population
in this study, we took the occurrence of MACE
as the dependent variable, selected sex, age,
hypertension, diabetes, history of smoking, and
MA, ., value as independent variables for uni-
variate logistic regression analysis. The results
showed that age (p = 0.003) and diabetes (p =
0.075) may be related to the prevalence of MACE
(Table I1). Then, with the prevalence of MACE as
the dependent variable, age was included in Mul-
tivariate Logistic regression analysis (method:
forward, likelihood ratio test of conditional pa-
rameter estimation). The results showed that age
(p = 0.001) was risk factor for MACE in patients
with ACS within 1 year after PCI (Table I11I).
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Figure 8. Comparison of safe endpoints between CA and
IA groups. CA, conventional antiplatelet therapy group; IA,
individualized antiplatelet therapy group.

According to the common risk factors of cardio-
vascular disease reported in the literature and the
distribution characteristics of the population in this
study, we took the occurrence of non-fatal myocar-
dial infarction as the dependent variable and select-
ed sex, age, hypertension, diabetes, smoking histo-
ry and MA . value as independent variables for
univariate logistic regression analysis. The results
showed that diabetes (p = 0.016) and MA ,  value
(p = 0.081) may be related to the occurrence of
non-fatal myocardial infarction (Table 1V). Taking
whether non-fatal myocardial infarction occurred
as the dependent variable, diabetes and the value of
MA  , were included in the multivariate logistic
regression analysis (method: forward, likelihood
ratio test of conditional parameter estimation). The
results showed that diabetes (p = 0.011) and the
value of MA, . (p = 0.003) were the risk factors of

non-fatal myocardial infarction (Table V).

Table II. Univariate Logistic regression analysis of influencing factors for MACE in patients post PCI within one year.

Factors i} S.E, \Xals df P OR (95% Cl)
Sex 0.428 487 73 1 0.379 1.534 (0.591, 3.983)
Age 0.058 .020 8.626 1 0.003 1.06 (1.019, 1.101)
Hypertension 0.159 .558 .081 1 0.776 1.172 (0.393, 3.499)
DM 0.669 375 3.179 1 0.075 1.953 (0.936, 4.076)
Smoking 0.386 474 .665 1 0.415 1.472 (0.581, 3.726)
MA, ., 0.003 .032 .010 1 0.92 1.003 (0.943, 1.067)

MACE, major adverse cardiac events; PCI, percutaneous coronary intervention; DM, Diabetes mellitus; MA

platelet-fibrin clot strength.
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Table Ill. Multivariate Logistic regression analysis of influencing factors for MACE in patients post PCI within one year.

Factors B S.E, \Xals df P OR (95% Cl)

Age .060 .019 10.227 1 .001 1.062 (1.024, 1.102)

MACE, major adverse cardiac events; PCI, percutaneous coronary intervention; DM, Diabetes mellitus; MA, _ ADP-induced

platelet-fibrin clot strength.

ADP?

Table IV. Multivariate Logistic regression analysis of influencing factors for MACE in patients post PCI within one year.

Factors B S.E, \Xals df P OR (95% CI)
Sex .525 .633 .687 1 407 1.69 (0.489, 5.842)
Age .033 .024 1.925 1 .165 1.034 (0.986, 1.083)
Hypertension -.051 .656 .006 1 939 0.951 (0.263, 3.440)
DM 1.197 497 5.789 1 .016 3.309 (1.248, 8.773)
Smoking .598 .616 .940 1 332 1.818 (0.543, 6.083)
MA, . .067 .038 3.035 1 .081 1.069 (0.992, 1.153)

AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; DM, Diabetes mellitus; MA ADP-induced

platelet-fibrin clot strength.

ADP?

Discussion MACE within 1 year after PCI in ACS patients,

while history of diabetes (p = 0.011) and MA

Our results showed that: There was no signifi- value (p = 0.015) were risk factors for non-fatal

cant difference in MA ,  classification (< 31 mm, myocardial infarction within 1 year after PCI in
31 mm < MA <47 mm, > 47 mm) between ACS patients.

CA group and IA group (p = 0.740). There was

no significant difference in MA, , classification Individualized Antiplatelet Therapy and
between EMs and IMs (p = 0.808). There were Platelet Function

significant differences in MA _ classification In this study, there was no significant differ-
between PMs and EMs, PMs and IMs (p < 0.001) ence in the MA,  grades between EMs and
(Figures 3 and 4). (2) The occurrence of MACE, IMs patients. This suggests that individualized
non-fatal myocardial infarction in the IA group treatment with a double dose of clopidogrel in
were significantly lower than those in the CA IMs patients achieved similar antiplatelet ef-
group (p = 0.010; p = 0.013). There was no sig- fects as the regular dose of clopidogrel in EMs
nificant difference in the occurrence of in-stent patients. This confirmed that a patient with CY-
thrombosis and all-cause death between the CA P2CI19 LOF allele taking double dose of clopi-
group and the TA group (p = 0.553; p = 0.507) dogrel could overcome the decreased efficacy of
(Figure 7). (3) Within 1 year after PCI, there was clopidogrel associated with CYP2CI19 LOF al-

no statistically significant difference in the inci- lele and did not increase the risk of hemorrhage.
dence of moderate or severe hemorrhage between This is consistent with the results of Mega et al'®
the CA group and the [A group (p = 0.636) (Fig- and Collet et al’'.

ure 8). (4) Multiple Logiatic regression analysis Clopidogrel CYP2C19 LOF allele has a gene

showed that age (p = 0.001) was the risk factor for dose effect: patients with two CYP2C19 LOF al-

Table V. Multivariate Logistic regression analysis of influencing factors for AMI in patients post PCI within one year.

Factors i} S.E, \Xals df P OR (95% Cl)
DM 1.255 494 6.451 1 .011 3.507 (1.332, 9.234)
MA, . .055 .018 8.861 1 .003 1.056 (1.019, 1.095)

AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; DM, Diabetes mellitus; MA ADP-induced

platelet-fibrin clot strength.

ADP
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leles have a higher incidence of HPR than patients
with one CYP2CI19 LOF allele®>*. Moreover, pa-
tients with different numbers of CYP2CI9 LOF al-
leles also had different responses to the increase of
clopidogrel: Mega et al'® and Collet et al*' showed
that increasing the dose of clopidogrel could in-
crease the platelet inhibition of patients with one
CYP2CI19 LOF allele and overcome clopidogrel
resistance, but for patients with two CYP2C19 LOF
alleles, the effect of increasing the dose of clopido-
grel was not obvious. Based on this, we estimated
that increasing the dose of clopidogrel is less likely
to overcome the resistance to clopidogrel in PMs
patients. So, in this study, we gave ticagrelor com-
bined with aspirin to PMs patients, not clopidogrel.
The results showed that the platelet inhibition
effect in PMs patients was significantly stronger
than that in CA group, EMs and IMs patients tak-
ing double dose of clopidogrel. While at the same
time, the proportion of patients with lower platelet
function also increased significantly in PMs pa-
tients. This suggests that the risk of hemorrhage
may also increase. However, this is only a conclu-
sion drawn from the detection of platelet function
after medication. Further studies are needed to
determine whether the risk of clinical hemorrhage
will be affected.

Individualized Antiplatelet
Therapy and Prognosis

Comparison of efficacy endpoints in this
study showed that within 1 year after PCI, the
incidence of MACE and non-fatal myocardial
infarction in the IA group was significantly
lower than that in the CA group. This is con-
sistent with the following findings: Xie et al**
(prospective randomized study) conducted in-
dividualized antiplatelet therapy based on CY-
P2C19 phenotype. The EMs patients and the
conventional group received the conventional
dose of clopidogrel. The IMs patients took a
600 mg clopidogrel load before PCI and a clopi-
dogrel 150 mg/day maintenance dose after PCI
for at least 6 months. The PMs patients received
600 mg clopidogrel and 200 mg cilostazol load
before PCI, followed by 100 mg cilotazol bid and
clopidogrel 150 mg/day maintenance dose for at
least 6 months after PCI. After 6 months, the
occurrence of major adverse cardiac or cerebro-
vascular events in the individualized treatment
group was significantly lower than that in the
conventional group. Cavallari et al* (retrospec-
tive) found that the occurrence of MACE within
1 year after PCI in CYP2C19 LOF carriers treat-
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ed with clopidogrel was significantly higher than
that in patients with alternative therapy (ticagre-
lor or prasugrel), while in non-CYP2C19 LOF
carriers, there was no significant difference in
the occurrence of adverse events between clopi-
dogrel and replacement therapy. In the PHARM-
CLO* study (prospective randomized study),
clinicians in the pharmacogenomics group chose
P2Y | receptor antagonists (clopidogrel, prasu-
grel, ticagrelor) base on both the patient’s clini-
cal characteristics and genotyping results, while
clinicians in the standard treatment group only
based on the clinical characteristics of the pa-
tients. Analysis of the clinical outcomes of 12 +
1 month of patients included in the trial showed
that the prevalence of ischemic and hemorrhage
events in the pharmacogenomics group was
significantly lower than that in the standard
treatment group. These findings suggest that it is
valuable and feasible to adjust the individualized
antiplatelet therapy of ACS patients according to
the CYP2C19 genotype to reduce the prevalence
of adverse events. Bonello et al’”*, Siller-Matula
et al*” and Christ et al*” suggest that patients tak-
ing clopidogrel can overcome the increase of the
prevalence of ischemic adverse events associated
with CYP2C19 LOF allele through individualized
antiplatelet therapy guided by platelet function.
However, some studies have not found that ad-
justing antiplatelet therapy according to platelet
reactivity can reduce the occurrence of cardio-
vascular adverse events. In the GRAVITAS study
of Price et al*!, 2214 patients with stable angina
or non ST elevation acute coronary syndrome
after PCI detected as HPR by VerifyNow were
randomly assigned to take the standard dose of
clopidogrel (75 mg/day, n = 1105) or high dose
of clopidogrel (150 mg/day, n = 1109). After 6
months of follow-up, it was found that for patients
with HPR after PCI, double dose of clopidogrel
could reduce the platelet reactivity in patients
taking clopidogrel, but could not reduce the oc-
currence of death due to cardiovascular disease,
non fatal myocardial infarction and stent throm-
bosis. Researchers analyzed that the reasons for
not obtaining a positive result include: 1. Com-
pared with the standard dose of clopidogrel, high-
dose clopidogrel only reduced platelet reactivity
and the ratio of HPR after treatment to an insuf-
ficient level. Inadequate treatment may explain
the negative results of the study. High-dose clopi-
dogrel may have only a slight pharmacodynamic
effect in CYP2C19 LOF allele carriers, especially
in homozygous patients. Application of other
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more potent platelet inhibitors such as prasugrel
may be more beneficial. 2. The relative benefit of
high-dose clopidogrel may also be attenuated by
the decrease in the occurrence of HPR in the first
30 days after PCI in both groups. Thirty-eight
percent of patients in the standard-dose group
who tested as HPR 12 to 24 hours after PCI did
not show HPR during 30-day follow-up. In some
patients, platelet activation after stent implanta-
tion resulted in HPR, which may be the reason
for the decrease of platelet reactivity in the early
stage after PCI. There is a dynamic change in
platelet reactivity itself in patients after PCI,
which suggests the importance of timing for mea-
suring platelet reactivity and its relationship with
adverse outcomes. The researchers believe that
repeated platelet function testing may be more
valuable. Because the number of events observed
is significantly less than expected, which reduces
the effectiveness of the test, the researchers be-
lieve that negative test results cannot negate the
effect of high-dose clopidogrel. We agree with the
author’s analysis. The ARCTIC study of Collet
et al* included 2440 patients who intended to
undergo PCI (except acute ST segment elevation
myocardial infarction) and were randomly divid-
ed into adjustment treatment group and control
group. Platelet reactivity was detected by Veri-
fyNow before stent implantation in the treatment
group. Patients with aspirin-related HPR were
given intravenous aspirin. Patients with clopido-
grel-related HPR were given glycoprotein I1b/I11a
inhibitor and additional load dose of clopidogrel
(> 600 mg) or prasugrel (loading dose 60 mg)
before operation, and the daily maintenance dose
postoperatively was 150 mg clopidogrel or 10
mg prasugrel. Non-HPR patients and the control
group were routinely treated with aspirin, clopi-
dogrel or prasugrel. Platelet activity was mea-
sured again 14 to 30 days after stent implantation.
Patients with HPR associated with clopidogrel
switched to 10 mg of prasugrel or increased
the maintenance of clopidogrel by 75 mg. Pa-
tients with low platelet reactivity (platelet inhibi-
tion rate >90%) during thienopyridine treatment
switched to a maintenance dose of 75 mg clopi-
dogrel if they were receiving 10 mg prasugrel or
150 mg clopidogrel. After 1 year of follow-up, the
adjustment of antiplatelet therapy according to
platelet function monitoring before and after stent
implantation failed to reduce the incidence of car-
diovascular events compared with conventional
treatment strategies that did not monitor the ef-
fects of antiplatelet drugs. In the ARCTIC study,

platelet reactivity was monitored before and 2 to
4 weeks after PCI, and antiplatelet therapy was
adjusted twice. In this trial, the P2Y , receptor
inhibitor was mainly clopidogrel, and prasugrel
was rarely used (9.3% in adjustment treatment
group at the first adjustment and 12.1% after the
second adjustment). We think that the reasons for
the negative results of the ARCTIC study may
be related to the following two points: (1) The
HPR patients carrying two CYP2C19 LOF alleles
may not be able to overcome the CYP2C19 LOF
allele-related decrease in the antiplatelet efficacy
of clopidogrel by simply increasing the dose of
clopidogrel; (2) The patients who took prasugrel
and showed low platelet reactivity at the 2nd
platelet test may not obtain sufficient platelet in-
hibition after switching to clopidogrel.

There are many clinical factors that affect
the effectiveness of individualized antiplatelet
therapy. The effect of individualized treatment
is related to the choice of specific individualized
treatment options, the choice of patient popu-
lation, and the choice of prognostic indicators.
The interpretation of relevant research should
comprehensively analyze the specific research
content, methods and the results of each study.

Due to the low prevalence of stent thrombosis
and death after PCI, the sample size needed to
meet the statistical efficacy of 80% or more is
very large. The sample size of this study is in-
sufficient.

This study failed to find the difference in the
prevalence of in-stent thrombosis and all-cause
death between the CA group and the TA group,
which could not be ruled out to be related to the
relative insufficient sample size. More trials are
needed to confirm the effect of individualized
antiplatelet therapy on in-stent thrombosis and
the incidence of all-cause death.

Formulation of Individualized
Antiplatelet Therapy

Several studies have shown that the inhibition
of platelet aggregation of clopidogrel can be en-
hanced by increasing the loading or maintenance
dose of clopidogrel. Clopidogrel with a mainte-
nance dose of 150 mg had a stronger inhibitory
effect on platelet aggregation in most patients
than with a maintenance dose of 75 mg**. In-
dividualized treatment with up to four repeated
loading doses of clopidogrel or single reloading
and double maintenance doses of clopidogrel
overcomes the HPR when taking conventional
doses of clopidogrel®™.
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Clopidogrel CYP2CI19 LOF allele has gene
dose effect: patients with two CYP2CI19 LOF
alleles have higher HPR occurrence than patients
with one CYP2CI19 LOF allele*>. Moreover, pa-
tients with different amounts of CYP2C19 LOF
gene responded differently to the increase of
clopidogrel dose®. Increasing the dose of clopido-
grel can increase the platelet inhibition of patients
carrying one CYP2CI9 LOF gene and overcome
the resistance of clopidogrel; but for patients car-
rying two CYP2CI19 LOF genes, the effect of in-
creasing the dose of clopidogrel is not evident'®-*'.

Therefore, in this study, IMs patients with one
CYP2C19 LOF allele and PMs patients with two
CYP2C19 LOF alleles were given different indi-
vidualized antiplatelet therapy.

Current research on individualized antiplate-
let therapy is either based on CYP2CI9 pheno-
type or platelet reactivity. Most of them adjust
individualized antiplatelet therapy based on a
single basis. In this study, according to CY-
P2C19 genotyping and platelet function, two
pieces of information were applied to the ad-
justment of antiplatelet therapy, and the positive
results were obtained. Although there is a good
correlation between CYP2CI9 LOF allele car-
rying and platelet reactivity when treated with
clopidogrel, they do not completely overlap.
CYP2CI19%*2 carrier status explained only 12%
of platelet aggregation variation after medica-
tion, while other factors accounted for more
than 80% of the variation®. If antiplatelet drugs
are adjusted solely on the basis of genotyping,
a considerable number of clopidogrel non-re-
sponders will be missed®. Adjusting antiplatelet
therapy based on genotyping alone is not the
best strategy. If antiplatelet therapy is only guid-
ed by platelet function, due to the dose effect
of the CYP2CI19 LOF allele, patients who are
detected as HPR will have different responses
to the adjusted treatment plan according to their
genotyping, which will weaken the effect of in-
dividualized therapy to a great extent. Moreover,
ACS patients need to get effective and sufficient
antiplatelet therapy as soon as possible. When
adjusting the treatment according to the platelet
reactivity, it is necessary for the patients to take
antiplatelet drugs to reach the steady state and
then detect the platelet function. In this way, for
patients who have not taken the related antiplate-
let drugs before, if the treatment plan is only
adjusted according to the platelet reactivity, the
time for adjusting the plan shall be at least hours
after taking the medicine. Due to the develop-
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ment and progress of detection technology, rapid
bedside genotyping has been able to provide
genotypic results within 70 minutes after blood
sampling. Individual antiplatelet therapy based
on genotyping can adjust the drug of CYP2C19
LOF gene carriers who are more likely to have
HPR as soon as the results of genotyping are
returned. The combination of genotyping and
platelet function to guide individualized anti-
platelet therapy should be a better choice.

We designed two steps to adjust antiplatelet
treatment to achieve adequate and safe antiplate-
let therapy: first, immediately after the patients
entered the [A group, we conducted individ-
ualized antiplatelet therapy according to CY-
P2C19 genotype. Then, after the drug reached
a relatively stable blood concentration in vivo,
we measured the residual platelet activity with
antiplatelet therapy using TEG and adjusted the
antiplatelet therapy in patients showed HPR. In
this study, individualized treatment was start-
ed immediately after CYP2CI9 genotype was
detected, rather than after the administration
of antiplatelet medicine and platelet function
detection. Thus, the time point to start indi-
vidualized intervention is advanced, and the
second adjustment fulfilled further optimization
of antiplatelet therapy. At the same time, in this
study, the patients with one or two LOF alleles
were given different individualized antiplatelet
therapy in view of their different response to the
enhanced antiplatelet therapy. It not only helps
patients with two CYP2CI9 LOF alleles to have
sufficient antiplatelet therapy, but also avoids the
increase of hemorrhage risk in patients with one
CYP2C19 LOF allele.

Our results suggest that individualized anti-
platelet therapy can significantly reduce the prev-
alence of MACE (mainly the prevalence of acute
non-fatal myocardial infarction) after PCI, while
the prevalence of moderate to severe hemorrhage
has no significant change.

In this study, logistic regression analysis indi-
cated that the value of MA . was a risk factor
of non fatal myocardial infarction. It is verified
that the inhibition of platelet function after an-
tiplatelet therapy is related to the occurrence of
myocardial infarction after PCI. It provides the
basis for adjusting antiplatelet therapy according
to MA ..

The results of this study failed to find that the
value of MA . is related to the occurrence of
MACE. The reason may be that MACE defined in
this study includes stent thrombosis and all-cause
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death, except for fatal myocardial infarction: stent
thrombosis is not only related to platelet function,
but also related to factors such as too large or
too small stent, poor stent attachment, mechan-
ical damage to the vessel wall during interven-
tion, and all-cause death is associated with many
non-cardiovascular factors.

In summary, our results indicate that: I.
Patients with a CYP2C19 LOF gene who take
double doses of clopidogrel overcome the de-
creased efficacy of clopidogrel which partly
due to CYP2CI9 LOF gene, without increasing
the risk of hemorrhage 2. Individualized anti-
platelet therapy based on CYP2CI9 genotype
and platelet function significantly reduced the
occurrence of MACE after PCI without in-
creasing the risk of moderate or severe hem-
orrhage. For ACS patients who cannot tolerate
tegregrel or choose clopidogrel for social and
economic reasons, especially for ACS patients
after PCI, this study provides a more effective
and safe individualized treatment scheme for
the selection and application of P2Y, receptor
inhibitors and provides a theoretical basis for
further optimization of antiplatelet therapy.

Due to the low occurrence of stent thrombo-
sis and death after PCI, the sample size needed
is very large, so the sample size of this test is
relatively insufficient when the two factors are
statistically analyzed, and the exact conclusions
related to these two factors cannot be obtained.
The CA Group in this study did not carry out
CYP219 genotype test and the genotype could not
be included in the risk factor analysis, which may
lead to some errors in the statistical results.

Conclusions

Shortly, patients with a CYP2CI9 LOF gene
who take double doses of clopidogrel overcome
the decreased efficacy of clopidogrel which partly
due to CYP2CI19 LOF gene, without increasing
the risk of hemorrhage. 2. Individualized anti-
platelet therapy based on CYP2CI9 genotype
and platelet function can significantly reduce the
occurrence of MACE (mainly acute non-fatal
myocardial infarction) after PCI without increas-
ing the risk of moderate and severe hemorrhage.
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