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Abstract

Selection of rational antagonists of P2Y, receptor for CAD patients who inherit
CYP2C19 LoF alleles remains still conflicting. This study compared the clini-
cal outcomes in CAD patients inheriting CYP2C19 LoF alleles undergoing PCI
and treated with clopidogrel against alternative antagonists of P2Y,, receptor. A
thorough literature search was performed across multiple scientific databases
following the PRISMA guidelines and PICO model. Setting the statistical sig-
nificance at p<0.05 and RevMan software was used to calculate the risk ratios
(RRs). Estimation of the pooled analysis revealed a significant 62% increased
risk of major adverse cardiovascular events (MACE) in CAD patients inherit-
ing CYP2C19 LoF alleles and treated with clopidogrel against those treated with
alternative P2Y,, receptor antagonists such as prasugrel or ticagrelor (RR 1.62;
95% CI 1.42-1.86; p<0.00001). In addition, Asian CAD patients were found at
a significantly higher risk of MACE (RR 1.93; 95% CI: 1.49-2.49; p <0.00001)
juxtaposed to CAD patients of other ethnicities (RR 1.51; 95% CI: 1.29-1.78;
p<0.00001). Conversely, between these two treatment groups, taking clopi-
dogrel against prasugrel/ticagrelor, who possess CYP2C19 LoF alleles, no sig-
nificant differences in bleeding events were observed (RR 0.94; 95% CI 0.79-1.11;
p=0.47). CAD patients undergoing PCI who inherited CYP2C19 LoF alleles and
treated with clopidogrel were associated with significantly higher risk of MACE
against those treated with alternative antagonists of P2Y, receptor, that is, pras-
ugrel or ticagrelor.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Although some meta-analyses reported the reduced aggregated risk in ACS pa-
tients undergoing PCI and taking alternative antiplatelets against clopidogrel in
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CYP2C19 LoF carriers, however, no study appears in the literature that has di-
rectly head to head compared the increased risk of MACE for the patients carry-
ing CYP2C19 LoF alleles treated with clopidogrel against alternative antiplatelets
such as prasugrel or ticagrelor.

WHAT QUESTION DID THIS STUDY ADDRESS?

What was the aggregated risk of MACE for the CAD patients underwent PCI and
inherited CYP2C19 LoF alleles treated with clopidogrel against alternative anti-
platelets, that is, prasugrel or ticagrelor?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This meta-analysis after pooled estimation found that CAD patients with PCI tak-
ing clopidogrel and inherited CYP2C19 LoF alleles were associated with a 62%
significantly increased risk of MACE compared to the patients taking prasugrel
or ticagrelor, also inherited CYP2C19 LoF alleles. This risk was driven by car-
diovascular death, MI, stroke, and stent thrombosis. Further, the increased risk
of MACE was considerably higher in Asian patients compared to other ethnic
patients.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

CYP2C19 genotype guided therapy of alternative antiplatelets, that is, prasugrel
or ticagrelor in CAD patients undergoing PCI may be beneficial to these patients
and may help to reduce MACE substantially. The findings of this analysis may
facilitate the rapid translation of precision antiplatelets from bench to bedsides.

BACKGROUND

Precision medicine considers regulatory genetic char-
acteristics of pharmacodynamics or pharmacokinet-
ics properties of many clinically significant medications
such as antiplatelets. For instance, genetic variability of
cytochrome P450 (CYP) in a subset of patients may be
considered for the optimization of effectiveness and the
safety of concerning medications."™ Multiple previous
studies have established a significantly higher risk of
major adverse cardiovascular events (MACE) in patients
with coronary artery disease (CAD) undergoing percuta-
neous coronary intervention (PCI) with clopidogrel inher-
iting CYP2C19 loss-of-function (LoF) alleles compared
to the patients carrying no CYP2C19 LoF alleles.”'° For
improved clinical outcomes of CAD patients, the use of
CYP2C19 genotype-guided alternative P2Y,, receptor an-
tagonists (antiplatelets) therapy was encouraged by these
studies. These studies suggested to administer alternative
antagonists of P2Y,, receptor (i.e., ticagrelor or prasugrel)
to the patients carrying one or two CYP2C19 LoF alleles
(CYP2C19*2, *3, *4, *5, *6 or *8) for the reduction of ad-
verse clinical effects. The use of ticagrelor or prasugrel
against clopidogrel in patients possessing LoF alleles of
CYP2C19 is advised in pharmacogenomics guidelines for
clopidogrel dosing by the clinical pharmacogenetics im-
plementation consortium (CPIC)."!

Thus far, no study in the literature was identified that
directly comparing the aggregated risk of MACE in CAD
patients inheriting CYP2C19 LoF alleles and treated with
clopidogrel against treatment with P2Y;, receptor antag-
onists like prasugrel or ticagrelor. Nonetheless, few meta-
analyses reveal a lower aggregated risk associated with
alternative antiplatelets (ticagrelor or prasugrel) com-
pared to clopidogrel in CYP2C19 LoF carrier patients.'*™">

However, in patients with CAD or acute coronary syn-
drome (ACS), the clinical advantages of implementing
CYP2C19 genotype-guided antiplatelet therapy with tica-
grelor or prasugrel rather with clopidogrel remain debated
and conflicted,'*"® hindering its use as a common clinical
practice. Some of these studies administered clopidogrel
as standard therapy while others used prasugrel/ticagrelor
as standard care; therefore, the findings were conflicting.
Without proper risk assessment associated with the stan-
dard antiplatelet therapy with clopidogrel against prasu-
grel or ticagrelor in CAD/ACS patients with CYP2C19 LoF
alleles, judging the aptitude of CYP2C19 genotype-guided
antiplatelets therapy renders impractical. Clinicians might
not prefer of using ticagrelor or prasugrel as first line ther-
apy over clopidogrel without considering CYP2CI9 ge-
netic impacts because of cost and the risk of bleeding as
well.

The current study therefore aimed to determine the
aggregated risk through estimation of pooled risk by
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performing meta-analyses of the published articles de-
tailing the adverse clinical effects of clopidogrel and al-
ternative antiplatelet therapy in CAD patients inherited
CYP2C19 LoF alleles.

METHODS

Literature search was conducted following PICO model
in Cochrane library and PubMed since the incep-
tion to 30 June, 2023 by using different keywords."
Table S1 lists the keywords used in identification of
the relevant studies. To track down additional studies
of interest, Scinapse and 1000 Genomes databases were
explored.”>?! In the current analysis, the studies that
met the following criteria were included; (i) two treat-
ment groups of CYP2C19 LoF alleles (*2, *3, *4, *5, *6,
*8) inherited in CAD patients (one received clopidogrel
while other was administered with alternative antago-
nists of P2Y,, receptor i.e. prasugrel or ticagrelor) must
report adverse clinical effects; (ii) minimum of one of
the adverse clinical outcome, that is, safety or efficacy
endpoints was reported in the study where MACE like
myocardial infarction (MI), cardiovascular (CV) death,
stent thrombosis (ST), stroke, unstable angina (UA),
or revascularization were represented by efficacy end-
points and safety endpoint demonstrated bleeding toxic-
ity where clinically significant bleeding events defined
bleeding as described by the Global Use of Strategies
to open Occluded Arteries (GUSTO) criteria.?* Studies
were omitted based on the following criteria (i) had poor
study design where either alternative antiplatelets or
clopidogrel was reported for clinical outcomes; (ii) if the
outcomes of the two treatment groups, where both pa-
tients inherited CYP2C19 LoF alleles were not reported
clearly; (iii) if the studies were case reports, reviews, or
letter to the editor.

For the selection of primary studies from searched
literatures, Rayyan QCRI, a systematic tool for review
was utilized.” Full texts of all primarily selected stud-
ies were then downloaded, and extensive checking was
conducted before selecting the final studies. Two inde-
pendent investigators selected the studies using Rayyan
QCRI software separately and to resolve any disagree-
ment interposed with the investigators in the selec-
tion process was eliminated by thorough discussion.
Complying with the Newcastle Ottawa Scale (NOS)
guidelines, the integrity of the observational studies
was determined as discussed in details elsewhere.**
Conversely, as outlined elsewhere, the quality of the in-
volved randomized control trials (RCTs) was assessed
by applying a 5-point Jadad scale.*® For the estimation
of the pooled relative risk (RR) and 95% confidence
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interval (CI), Review-Manager software was employed,
subsequently followed by random/fixed effect model in
accordance with the heterogeneity levels of the relevant
studies (I statistics). The distribution of RR of MACE
was visually inspected in the funnel plot for determining
the publication bias. All analyses considered a p-value
of <0.05 as indicative of statistical significance.

Ethics statement

This is not required since it was a meta-analysis of pub-
lished results.

RESULTS

General characteristics and quality of
included studies

Figure 1 illustrates the whole identification process of
the studies included in the current analysis. This meta-
analysis included a total of 28,741 CAD patients under-
going PCI (mean age 63.6+11.2; 71.1% male), eight and
seven of the studies being observational and RCTs, re-
spectively. Outcomes data collection follow-up period in
the evaluated studies varied, ranging from 1 to 18 months.
Among CAD patientsinheriting CYP2C19 LoF alleles (e.g.,
CYP2C19%2, *3, *4, *5, *6, *8) a total of 13,195 patients were
treated with clopidogrel while 15,546 of them received al-
ternative antiplatelets, that is, ticagrelor or pl‘:':lsugrel.26'40
Table 1 illustrates the major baseline characteristics of the
assessed studies. Almost all of the included studies car-
ried two LoF alleles (CYP2C19*2 or *3) except two stud-
ies**** where patients carried more than two CYP2C19
LoF alleles.

The majority of the included observational studies as
assessed by the NOS criteria were high quality (NOS score
6-8), barring one with NOS score of 4, deemed as moder-
ate quality. Similarly, the Jaded scale determined all the
included RTCs as high quality.

Comparison of clinical outcomes for
CYP2C19 LoF genotype-guided therapy of
clopidogrel vs. alternative antiplatelets

Pooled estimation of this analysis demonstrated a 62%
significantly higher risk of MACE (RR 1.62;95% CI 1.42-
1.86; p<0.00001) in CAD patients inherited CYP2C19
LoF alleles taking clopidogrel compared to those who
administered alternative antiplatelets, that is, ticagrelor
or prasugrel (Figure 2). As illustrated in Figure 2, the
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s ot Satab - FIGURE 1 Flowchart for the
B ifferent databases searching . e e . .
ki and records identified (n=1085) identification of studies following
".;: PRISMA guidelines.
[+/]
= < I Removal of duplicates (n=379)
g
'g Records for screening (n=706)
[
3 Records excluded after title/abstract
- screening (n=635)
Full text articles reviewed for
primary eligibility (n=71)
Excluded full text due to
E < different study design (n=45)
:-°§° review and letter to the editor (n=5)
&
Full text articles assessed for
final eligibility (n=21)
P Excluded full text due to not reporting
= - clear outcomes data on both arms (n=6)
[}
3 Included studies for
E quantitative synthesis (n=15)

significantly elevated MACE risk was originated from
MI (RR 1.71; 95% CI: 1.31-2.24; p<0.0001), CV death
(RR 2.03; 95% CI: 1.36-3.03; p=0.0005), ST (RR 1.64;
95% CI: 1.08-2.48; p=0.02), and stroke (RR 1.72; 95% CI:
1.08-2.75; p=0.02).

Comparison of clinical outcomes in Asian
vs. other ethnicities for CYP2C19 LoF
genotype-guided therapy of clopidogrel
against alternative antiplatelets

The current study additionally investigated the impacts of
CYP2C19 LoF alleles affecting Asian CAD patients against
CAD patients of other ethnic groups, that is, Europeans
and Americans, and found a statistically significant higher
risk of MACE in Asian patients when compared with
other ethnicities (RR 1.93; 95% CI: 1.49-2.49; p <0.00001
vs. RR 1.51; 95% CI: 1.29-1.78; p < 0.00001), as highlighted
in Figure 3.

Bleeding events

Inheritance of CYP2C19 LoF alleles has been linked to
the bleeding events as assessed in 10 out of the 15 studies
considered for this analysis. However, no significant dif-
ference (RR 0.94; 95% CI 0.79-1.11; p=0.47) in bleeding
events were found between two treatment groups of CAD
patients (clopidogrel vs. ticagrelor/prasugrel), both inher-
ited CYP2C19 LoF alleles (Figure 4).

Heterogeneity, sensitivity analysis, and
publication bias

When MACE was compared between two treatment
groups, this study revealed a moderate level of heteroge-
neity (I*=48%), making the analysis sensitive. The sensi-
tivity analysis was conducted by removal of one by one
study in a chronological order, and no difference in clini-
cal outcomes was found. Inspecting the funnel plot visu-
ally, it was determined that there was no publication bias
affecting this study, as detailed in Figure 5.

To summarize the findings, CAD patients inherited
CYP2C19 LoF alleles underwent PCI showed a significant
risk of MACE following clopidogrel administration com-
pared to those treated with prasugrel/ticagrelor. Between
these two treatment groups, bleeding toxicity risk was
not significant. The results of this study recommend the
implementations of the CYP2C19 LoF genotype-guided
alternative antiplatelets like ticagrelor or prasugrel for
better optimization of the effectiveness of the antiplatelet
therapy in CAD patients following PCI to achieve preci-
sion medicine of antiplatelets.

DISCUSSION

The final outcomes of this study strongly reinforce
the medical significance of considering the appropri-
ate selection of antiplatelets based on the CYP2C19 LoF
genotype for the CAD patients following PCI. This anal-
ysis emphasizes the implementation of CYP2C19 LoF
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FIGURE 2 Forest plot of MACE for CAD patients inheriting CYP2C19 LoF alleles taking clopidogrel against the patients with
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LoF Clopidogrel  LoF Prasu or Ticag Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 MACE
Cavallari 2018 18 226 16 346 2.8% 1.72[0.90,3.31] T
Chen 2017 14 46 3 57 0.6% 878 1[1.77,18.91]
Claassens 2021 1" 82 54 590 2.9% 1.47 [0.80, 2.69] T
Deiman 2016 13 32 2 4 0.4% 8.33[2.02,34.29)
Dong 2016 37 58 13 38 3.4% 1.86[1.15,3.02] —_—
Lee 2018 18 68 13 165  1.7% 3.36[1.75, 6.47) I
Martin 2020 24 a7 12 90 2.6% 2.07[1.11,3.87] —
Ogawa 2016 el 248 22 237 49% 1.35[0.80, 2.26) T
Shen 2016 4 138 2 38 07% 0.55[0.10, 2.89] —
Sorich 2010 46 395 34 407 7.3% 1.39[0.91,212) —
Tuteja 2020 19 a0 10 52 2.8% 1.10[0.55, 2.18] T
Wallentin 2010 149 1388 118 1384 251% 1.29[1.02, 1.63] el
2020 24 319 14 313 31% 1.71[0.90, 3.29] e
Zhang 2016 18 a0 4 91 0.9% 4.55[1.60,12.92)
Zhang 2021 41 524 12 302 33% 1.97 [1.05, 3.64] —
Subtotal (95% CI) 3791 4157 62.3% 1.62[1.42, 1.86] ]
Total events 467 326
Heterogeneity: Chi®= 27.08, df=14 (P = 0.02); F= 48%
Testfor overall effect: Z=6.93 (P = 0.00001)
1.1.2 Death
Cavallari 2018 8 226 B 346 1.0% 2.04[0.72,581] =
Chen 2017 1 46 1) 57 0.1% 3.70[0.15,88.79] +
Claassens 2021 3 82 12 590 0.6% 1.80[0.52, 6.24] ]
Dang 2016 8 58 3 3| 0.8% 1.75[0.49,6.17) —
Lee 2018 5 69 4 165  0.5% 3.03[0.84,10.95) T
Sorich 2010 17 395 7 407 1.5% 2.50[1.05,5.97] —
2020 13 319 10 313 2.2% 1.30[0.58, 2.92] i —
Zhang 2016 2 an 1 a1 02%  2.02(0.19,21.91]
Zhang 2021 7 524 1 302 03% 4.03[0.50, 32.63] ]
Subtotal (95% CI) 1808 2315 7.3% 2.03[1.36, 3.03] L g
Total events 64 44
Heterogeneity: Chi*= 240, df=8 (P =0.97); F=0%
Testfor overall effect: Z= 3.46 (P = 0.0005)
1.1.3 Myocardial infarction
Cavallari 2018 1" 226 9 346 1.6% 1.87[0.79, 4.44] i
Chen 2017 2 46 1) 57 01% 6.17[0.30,125.42] S e —
Claassens 2021 B a2 kal 590 1.7% 1.39[0.60, 3.24] I e
Dang 2016 9 58 3 38 08% 1.97 [0.57, 6.80] —
Lee 2018 5 68 5 165  0.6% 2.43[0.73,8.11] =
Ogawa 2016 30 248 22 237 4.9% 1.30[0.77,2.19] T
Sorich 2010 4B 395 26 407 56% 1.82[1.15, 2.89] I
Xi2020 3 k] 4 319 0.9% 0.75[017,3.32] 7
Zhang 2016 11 90 3 91 0.7% 3.71[1.07,12.85)
Zhang 2021 524 1 302 0.3% 2.31[0.26, 20.53] —
Subtotal (95% CI) 2056 2552 17.0% 1.71[1.31,2.24] L
Total events 127 104
Heterogeneity: Chi*= 5.20, df=9 (P = 0.82); F= 0%
Test for overall effect: Z=3.98 (P < 0.0001)
1.1.4 Stroke
Cavallari 2018 3 226 2 346 0.3% 2.30[0.39,13.64] —
Claassens 2021 3 82 12 590 0.6% 1.80[0.52, 6.24] h—
Dong 2016 ] 58 4 | 11% 1.47 [0.49, 4.45] —_—t
Lee 2018 2 68 1 169 0.1% 4.85[0.45, 52.63] —
Ogawa 2016 1 248 1) 237 0.1% 2.87[012,70.04] +
Wallentin 2010 1" 1388 13 1384 2.8% 0.84 [0.38, 1.88] T
i 2020 8 19 1} 319 01% 17.00[0.99, 293.29] "
Zhang 2016 1 a0 1 91 0.2% 1.01 [0.06, 15.92]
Zhang 2021 B 524 1 302 0.3% 3.46 [0.42, 28.59] ]
Subtotal (95% CI) 3003 3472 5.7% 1.72[1.08, 2.75] -3
Total events 44 34
Heterogeneity: Chi*=7.11,df=8 (P=0.52); F= 0%
Test for overall effect: Z=2.28 (P=0.02)
1.1.5 Stent thrombosis
Cavallari 2018 4 226 4 346 0.7% 1.63[0.39, 6.08] —
Chen 2017 2 46 1 57 0.2% 2.481[0.23, 26.48] E—
Claassens 2021 1} a2 1 590 0.1% 2.37[0.10,57.78] +
Lee 2018 1 68 1 165  01% 243015, 38.24]
Ogawa 2016 2 248 1 237 0.2% 1.91[0.17,20.94]
Wallentin 2010 21 934 18 943 33% 1.41[0.73,272) T
2020 1" 19 11 319 24% 1.00[0.44,2.27] i m—
Zhang 2016 B 90 1) 91 0.1% 13.14[0.75,229.91] T
Zhang 2021 10 524 2 302 0.6% 2.88 [0.64, 13.06] -
Subtotal (95% CI) 2537 3050 7.6% 1.64 [1.08, 2.48] L 4
Total events 57 36
Heterogeneity: Chi*= 4.42, df=8(P=0.82); F=0%
Testfor overall effect Z=2.32 (P=0.02)
Total (95% CI) 13195 15546 100.0% 1.68 [1.50, 1.87] L]
Total events 759 544
Heterogeneity: Chi*= 47.33, df= 51 (P=0.62); F=0% iz oh I3 50

Testfor overall effect: Z= 9.26 (P < 0.00001)

Testfor subgroup differences: Chi*=1.12, df=4 (P = 0.88), F= 0%

alternative antiplatelets.

LoF Alternatives  LoF Clopidogrel

genotype-guided precision antiplatelets therapy with
prasugrel or ticagrelor in clinical practice, as the admin-
istration of clopidogrel substantially elevates the risk of
MACE by over 60% in patients inheriting CYP2C19 LoF

alleles over those treated with alternative antiplatelets,

that is, prasugrel/ticagrelor.

So far, no studies have been identified in the literature
directly assessing the aggregated risk for the safety and
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FIGURE 3 Forest plot of MACE for Asian CAD patients against CAD patients of other ethnicities, both inheriting CYP2C19 LoF alleles.
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Lee 2018 2 68 7 165 1.7% 0.69[0.15, 3.25] e
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Tuteja 2020 4 90 1 52 08% 2.31[0.27,2013]
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Testfor overall effect Z=073(FP=0.47)
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Heterogeneity: Chi*=11.04, df=9(P=0.27); F=18% 6 0z 051 150 56
Testfor overall effect Z2=073(FP=047) ’ Loi: Alternatives LoF Clopidogrel
Testfor subgroup differences: Mot applicable

FIGURE 4 Forest plot of bleeding events for CAD patients inheriting CYP2C19 LoF alleles taking clopidogrel against alternative
antiplatelets.

efficacy endpoints of clopidogrel with alternative anti- This is the supportive evidence of existing literature which
platelets (i.e., ticagrelor/prasugrel) in a side by side com- indicates an over 60% substantially increased risk of MACE
parison for CAD patients inheriting CYP2C19 LoF alleles. associated with clopidogrel in comparison with prasugrel
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or ticagrelor for CAD patients following PCI who inherited
CYP2C19 LoF alleles. As between two treatment groups,
no significant risk of bleeding was found, and the overall
findings of current analysis encourage the clinical imple-
mentation of alternative antiplatelets, that is, ticagrelor or
prasugrel for CAD patients undergoing PCI. Genotype-
guided clinical implementation of alternative antiplatelets
might be even more practical and effective for Asian pa-
tients since the risk of MACE was striking in Asian CAD
patients compared to other ethnic patients (RR: 93% vs.
51%). Higher risk of MACE in Asian CAD patients was ob-
served which might be due the carrying of high percent-
age of CYP2C19 LoF alleles in these patients (~50-65%)
compared to other ethnic patients (~25-30%). However,
it is important to note that the comparison groups in the
included studies in the current meta-analysis had unequal
number of CYP2C19 LoF alleles between the clopidogrel
and prasugrel/ticagrelor groups, which might have af-
fected the accurate estimation of RR. It is assumed that
patients carrying two CYP2C19 LoF alleles, that is, poor
metabolizers may be associated with higher estimation of
RR. In contrast, patients carrying one CYP2C19 LoF al-
lele, that is, intermediate metabolizers may be associated
with lower estimation of RR. Higher or lower estimation
of RR may need further consideration about the changes
in the dosing of clopidogrel or alternative antiplatelets
based on the metabolizer status, that is, intermediate or
poor metabolizers.

Few studies comparing clinical effects of clopidogrel
against prasugrel or ticagrelor without the consideration of
the CYP2C19 genotypes effects, were identified in the lit-
erature which were also indicative of prasugrel/ticagrelor
being better clinical option than clopidogrel.*'~* The find-
ings of the current analysis serve as a supplement to those
well-established evidence along with numerous other
studies illustrating an elevated risk of MACE associated

with clopidogrel therapy in patients possessing CYP2C19
LoF alleles and were suggestive of the implementation
of alternative antiplatelets like prasugrel or ticagrelor
for these patients.”'® As in comparison with alternative
antiplatelets like prasugrel or ticagrelor, clopidogrel was
found to be associated with a significantly higher MACE
risk in CYP2C19 LoF alleles carrying patients, it should
not be considered a rational treatment choice of using
clopidogrel for CAD patients undergoing PCI. Clopidogrel
is a pro-drug which needs bio-activation mainly by the
CYP2C19 enzyme. Patients inheriting CYP2C19 LoF al-
leles may not convert clopidogrel to its pharmacologically
active metabolite, which may in turn lead to therapeutic
ineffectiveness and subsequently may lead to higher risk
of MACE. Instead, prasugrel and ticagrelor are preferable
alternative treatment options since there was no safety
concern associated with using these drugs and they can
reduce MACE significantly as evidenced in other stud-
ies.’**> For the selection of rational and precise anti-
platelets taking both efficacy and safety endpoints into
consideration for CAD patients following PCI inheriting
CYP2C19 LoF alleles, the robust findings of the present
study could be viewed as the gold standard since this anal-
ysis estimated the aggregated risk from ~29,000 CAD pa-
tients in a head-to-head comparison, where one arm was
treated with clopidogrel inherited CYP2C19 LoF alleles
and the other arm was treated with prasugrel/ticagrelor
and also inheriting CYP2C19 LoF alleles.

Despite few studies not favoring the CYP2CI19
genotype-guided antiplatelets therapy against the stan-
dard treatment care, their findings may not be deemed
as robust evidence due to the inadequacies in study
design.'®* These studies administered both arms with
clopidogrel and/or alternative antiplatelets, however,
most importantly these studies did not provide any clear
information of the number of CYP2CI19 LoF alleles
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carrying patients treating with clopidogrel versus al-
ternative antiplatelets, for example, ticagrelor or prasu-
grel. Some studies offered this information in a limited
perspective, but none presented the clinical outcomes
associated with CYP2C19 LoF allele carriers treating
with clopidogrel against alternative antiplatelets, that is,
ticagrelor or prasugrel and therefore, it was not possi-
ble to compare their findings with the current analysis.
However, a recent trial conducted by Claassens et al.
study'’ showed non-inferiority of genotype guided ther-
apy (patients with CYP2C19 LoF alleles were adminis-
tered prasugrel/ticagrelor and non-carriers of CYP2C19
LoF allele were administered clopidogrel) compared to
the standard treatment group (patients received pras-
ugrel/ticagrelor) in respect to reducing the thrombotic
events (5.1% vs. 5.9%; p <0.001 for noninferiority). As it
is assumed that the CYP2C19 genetics may not affect the
clinical effectiveness of prasugrel/ticagrelor since these
drugs are not primarily metabolized by the CYP2C19,
therefore, may reduce net adverse clinical effects as
found with the genotype-guided therapy. The inconsis-
tencies in results as found in our analysis could be due
to inconsistencies in the standard treatment group being
considered in the study.

Without considering the genetic effects of CYP2C19,
the bleeding toxicity risk among patients administering
clopidogrel against alternative antiplatelets remains
conflicted and hence may not be considered as conclu-
sive evidence. Some studies reported an elevated bleed-
ing risk in patients treated with alternative antiplatelets
like ticagrelor or prasugrel against those administered
with clopidogrel without consideration the genetic ef-
fects of CYP2C19.*'™* Conversely, certain studies ob-
serve no notable differences in bleeding events within
these two treatment groups.* ™’ Nonetheless, the pres-
ent study did not find any statistically significant bleed-
ing events between two treatment groups of CYP2C19
LoF alleles carrying patients treating with clopidogrel
against alternative antiplatelets, that is, ticagrelor or
prasugrel. The mechanism for this no difference bleed-
ing outcome is not clear which warranted further in-
vestigation to be elucidated. This finding of the present
study recommends the clinical implications of alterna-
tive antiplatelets, that is, prasugrel or ticagrelor instead
of clopidogrel for CAD patients following PCI inherit-
ing CYP2C19 LoF alleles as it imposes no safety concern.
The findings of the current analysis can be served as
supporting evidence for the utility of genotype guided
antiplatelet dosing in these patients.

Considering the comprehensive findings of this study,
cardiologists are expected to rationalize the CYP2CI9
genotype-guided precision antiplatelets therapy using
the robust evidence of the present analysis derived from

ASCPT

a comparatively large sample size as well as considering
other clinical conditions of the patients to fully implement
precision antiplatelet therapy in clinical use.

Limitations

The findings of this study are likely to be limited for CAD
patients undergoing PCI inheriting CYP2C19 LoF allele
due to a lack of studies regarding the effects of adminis-
tering clopidogrel against alternative antiplatelets such
as prasugrel or ticagrelor in other clinical conditions like
CAD patients without PCI or stroke patients inheriting
CYP2C19 LoF alleles.

Future directions

For accurate assessment of the clinical outcomes, future
RCTs or longitudinal studies are necessary for CAD pa-
tients, specifically for the ACS patients with or without
PCI or for stroke patients inheriting CYP2C19 LoF alleles
treating with clopidogrel against alternative antiplatelets,
that is, prasugrel/ticagrelor.

CONCLUSIONS

A significant higher risk of MACE was found in CAD pa-
tients undergoing PCI, inherited CYP2C19 LoF alleles, and
treated with clopidogrel compared to those treated with
ticagrelor or prasugrel. In these two treatment groups,
both inheriting CYP2C19 LoF alleles, no significantly
different bleeding events were observed. Key findings of
the current study suggest the clinical implementations of
alternative antiplatelets (ticagrelor or prasugrel) for the
optimization of the effectiveness of antiplatelets in CAD
patients undergoing PCI and inheriting CYP2C19 LoF
alleles to expedite precision medicine in routine clinical
practice.
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