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Abstract

Purpose Chronic kidney disease (CKD) is a risk factor for ischemic and bleeding events with dual antiplatelet therapy after
percutaneous coronary intervention (PCI). Whether the presence of CYP2C19 loss of function (LOF) alleles modifies this
risk, and whether a genotype-guided (GG) escalation of P2Y }, inhibitor therapy post PCI is safe in this population is unclear.
Methods This was a post hoc analysis of randomized patients in TAILOR PCI. Patients were divided into two groups based
on estimated glomerular filtration rate (¢GFR) threshold of < 60 ml/min/1.73 m? for CKD (n=539) and non-CKD (n=4276).
The aggregate of cardiovascular death, stroke, myocardial infarction, stent thrombosis, and severe recurrent coronary ischemia
at 12-months post-PCI was assessed as the primary endpoint. Secondary endpoint was major or minor bleeding.

Results Mean (standard deviation) eGFR among patients with CKD was 49.5 (8.4) ml/min/1.72 m?. Among all patients,
there was no significant interaction between randomized strategy and CKD status for any endpoint. Among LOF carriers,
the interaction between randomized strategy and CKD status on composite ischemic outcome was not significant (p =0.2).
GG strategy was not associated with an increased risk of bleeding in either CKD group.

Conclusions In this exploratory analysis, escalation of P2Y |, inhibitor therapy following a GG strategy did not reduce the
primary outcome in CKD. However, P2Y |, inhibitor escalation following a GG strategy was not associated with increased
bleeding risk in CKD. Larger studies in CKD are needed.

Clinical Trial Registration: https://clinicaltrials.gov/ct2/show/NCT01742117?term=TAILOR-PCl&draw=2&rank=1.
NCTO01742117.

Keywords Antiplatelet therapy - Chronic kidney disease - Coronary artery disease - CYP2C19 - Percutaneous coronary
intervention - Pharmacogenomics

Introduction

Patients with chronic kidney disease (CKD) are at a higher
risk of adverse outcomes following percutaneous coronary
intervention (PCI) [1]. Multiple observational studies have
demonstrated a 1.5-twofold increased relative risk of mor-
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tality post-PCI among patients with CKD versus no CKD [2,
3]. Patients with CKD also experience higher rates of car-
diovascular death, repeat revascularization, definite/probable
stent thrombosis (ST), and, paradoxically, bleeding [2-5].
Nonetheless, patients with CKD have been found to have
improved outcomes with the use of dual anti-platelet ther-
apy (DAPT), including with prolonged duration of DAPT
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[6]. Clopidogrel, the most widely used P2Y, inhibitor, is a
prodrug that requires conversion to the active form by the
cytochrome P450 system, specifically by CYP2C19. The
presence of CYP2C19 loss of function (LOF) alleles renders
affected individuals exposed to ongoing thrombotic risk due
to overall lower active clopidogrel levels; this combined with
a higher on treatment platelet reactivity in CKD could lead
to greater risk of thrombotic events despite treatment [7, 8].
Ticagrelor does not require the initial activation or conver-
sion; additionally, ticagrelor has pleiotropic cardioprotec-
tive effects that may provide short and long-term benefits
[9]. On the other hand, ticagrelor has evidence of increased
bleeding risk and some unique side effects such as dysp-
nea, as compared to clopidogrel, as well as currently being
more expensive than clopidogrel in most settings. Given the
genetically determined variation in response to clopidogrel,
a pharmacogenetic approach may allow targeting of the
newer P2Y |, inhibitors to patients who are slow metaboliz-
ers of clopidogrel [10].

The Tailored Antiplatelet Initiation to Lessen Outcomes
Due To Decreased Clopidogrel Response after Percutane-
ous Coronary Intervention (TAILOR-PCI) trial is the larg-
est study to date to utilize a prospective genotyping-guided
(GG) strategy to select a P2Y |, inhibitor post-PCI as com-
pared to a conventional clopidogrel therapy (CT). There was
no statistically significant benefit of a GG therapy over CT in
CYP2C19 LOF carriers after 12 months of follow-up [11].
Whether the effect of GG therapy was modified by CKD
status on individual ischemic or bleeding outcomes has not
been fully explored. Additionally, it is unknown whether
the presence of CYP2C19 LOF status affects ischemic and
bleeding outcomes in patients with CKD.

Methods

The design and rationale for the TAILOR-PCI study have
been previously published [10, 11]. Briefly, TAILOR-PCI
(NCT 01,742,117) was an investigator-initiated multi-center,
open label, randomized trial testing the hypothesis that a GG
choice of post-PCI P2Y,, inhibitor type for DAPT accord-
ing to CYP2C19 LOF (*2 or *3 alleles) status will improve
ischemic outcomes in CYP2C19 LOF carriers versus CT.
Those randomized to GG therapy underwent prospective
point-of-care genotyping for CYP2C19 LOF alleles (Spar-
tan Biosciences, Ottawa, Canada); ticagrelor 90 mg twice
daily for 12 months was prescribed for CYP2C19 LOF car-
riers, and non-carriers received clopidogrel 75 mg daily.
Patients in the CT arm did not undergo prospective geno-
typing and received clopidogrel 75 mg daily. All patients
underwent laboratory-based genotyping (ABI TagMan
assay) after completion of the duration of anti-platelet ther-
apy (12 months) to enable uniform comparisons between
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the 2 randomized arms, with the primary goal to compare
outcomes in the LOF subset [10]. The ischemic outcomes
assessed were cardiovascular death, myocardial infarction,
stroke, stent thrombosis, and severe recurrent ischemia dur-
ing the first year after PCI. The safety endpoints were major
or minor bleeding. All randomized patients were followed up
by medical record review and telephone calls at 30 days and
6 and 12 months after PCI. The institutional review boards at
each site approved the study, and patients provided informed
consent prior to study enrollment.

As part of the exclusion criteria, patients were not eli-
gible for enrollment if serum creatinine was > 2.5 mg/dl
within 7 days of the index procedure. The last serum creati-
nine value pre-randomization was utilized, along with age,
gender, and race in the Modification of Diet in Renal Dis-
ease equation [12] to estimate the glomerular filtration rate
(eGFR). Herein, we provide a detailed analysis of patients
with CKD (eGFR < 60 ml/min/1.73 mz), as compared to No
CKD (eGFR > 60 ml/min/1.73 m?). In addition, the trial’s
primary hypothesis (GG vs. CT in LOF carriers) was evalu-
ated separately for CKD and no CKD.

Statistical Analysis

Continuous variables are summarized as mean (standard
deviation). Discrete variables are presented as frequency
(percentage of those with data available). The rank sum
test is used to compare continuous and ordinal variables
between groups. Pearson’s chi-squared test is used to test
categorical variables. Kaplan—Meier estimates are used to
calculate event rates in the first year post-PCI with group
comparisons tested via log rank test. Cox proportional haz-
ards models were used to estimate the effects of a genotype
guided approach as well as CKD status, summarized as
hazard ratios and 95% confidence intervals. All Cox mod-
els were adjusted for the covariates age group, sex, hospital
presentation, and enrollment site. The model was adjusted
as a random effect. To test the GG vs CT effect within CKD
groups, a single model was fit including the interaction of
the randomized group and CKD group, enabling a formal
test of the interaction. Within the analysis of the LOF sub-
group, Firth’s correction for monotone likelihood was used
for the stent thrombosis and stroke endpoints due to the
small number of events [13]. The effect of kidney function
was modeled using eGFR as a continuous variable, employ-
ing a 3 degrees of freedom natural cubic spline in the Cox
regression model. Given the variation in the effect of GG
therapy during the early (3 months) versus late (12 months)
phase of the trial reported in the main findings, a similar
analysis at 3 months was performed based on CKD status.
All analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC).
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Results
Patient Characteristics

Of the 5276 patients in TAILOR-PCI who were eligible for
analysis, 4815 patients (91%) had a creatinine value for eGFR
estimation at baseline. Table S1 displays differences in base-
line characteristics of patients with (n=4815) and without
(n=461) baseline creatinine for eGFR calculation. Subjects
without eGFR available were similar in age and gender distri-
bution but were more likely to have been enrolled at sites in
the USA, have higher BMI, and more likely of Caucasian race.
Additionally, those without eGFR measures were more likely
to have dyslipidemia, a history of PCI and multivessel disease
but less likely to have a history of heart failure.

Of the patients with baseline creatinine, 539 (11.2%) had
CKD, and 4276 (88.6%) no CKD. At baseline, CKD patients
were older (70.6 [10] vs. 61.4 [10.7] years, p <0.001), more
likely female (40.8% v 22.7%, p <0.001), had higher body
mass index (29.7 [6.4] vs. 27.8 [6.1] kg/mz, p<0.001), less
likely African American/Black (1.3% vs. 2.5%) and more often
Caucasian (73.3% vs. 61.2%) (p <0.001 for the overall ethnic-
ity comparison between CKD and no CKD), and with gener-
ally greater proportion of comorbid conditions versus no CKD
patients (all comorbidities presented were p <0.05 between
CKD and no CKD) (Table 1). Mean eGFR in patients with
CKD was 49.5 (8.4) ml/min/1.73 m? and in patients with no
CKD was 92.1 (25.7) ml/min/1.73 m?, p <0.01. There was bal-
anced study assignment of P2Y |, inhibitor between CKD and
no CKD. The CYP2C19*17, so-called gain of function allele,
appeared to be more frequent among patients with CKD vs.
no CKD (1 or 2 alleles 32.1% vs. 26.2%, p=0.002), whereas
distribution of *1, *2, and *3 was similar between CKD and
no CKD (Table S2).

Patients with CKD were being evaluated for chronic coro-
nary disease more frequently (24.3% vs. 16.2%, p <0.001)
(Tablel). Patients with CKD also were more likely to have
multivessel coronary disease than those without CKD (51.2%
vs. 40.6%, p<0.001) (Table S2). More stents were deployed
in patients with CKD vs. no CKD (mean 1.6 (0.9) vs. 1.5 (0.9),
p=0.024). Peri-procedurally, a higher proportion of CKD
patients received clopidogrel as the loading thienopyridine
versus no CKD (72.5% vs. 67.8%, p=0.002). Patients with
CKD were less likely to be discharged on statin therapy (91.5%
vs 96%, p<0.001) or on an angiotensin converting enzyme
inhibitor (37.8% vs. 45.2%, p=0.001).

Outcomes in CKD Patients and Interaction Between
CKD Status and Overall Randomized Groups

Unadjusted Kaplan—Meier estimates for the primary outcome
and the sub-components, as well as for all-cause mortality

are displayed in Table 2 and supplemental Fig. Sla-g. Fig-
ure 1a demonstrates the proportional increase in the primary
outcome by decreasing eGFR; the increase in risk appears
to occur around 60 ml/min/1.73 m2. After adjustments for
covariates (including age, gender, CAD presentation, and
study arm randomization), patients with CKD had a higher
adjusted hazard for the primary outcome (adjusted hazard
ratio (aHR), 1.55; 95% confidence interval [CI] 1.09-2.20),
all-cause mortality (aHR 2.72, 95% CI 1.46-5.06), CV mor-
tality (aHR 3.47, 95% CI 1.75-6.88), and stent thrombosis
(aHR 3.14, 95% CI 1.40-7.00) (Table 3). There were no
significant interactions between the overall strategy arms
and CKD status for any endpoint (Fig. 2a).

CKD Interaction with Treatment Strategy
in CYP2C19 LOF Carriers

Among the CYP2C19 LOF carriers (n=1894; 1706 with
eGFR), there were 194 (11.4%) patients with CKD and 1512
(88.6%) with no CKD. Differences in baseline characteristics
were like those seen in the overall cohort (Table S3). Table 4
displays Kaplan—Meier estimates for outcomes at 12 months
for the CYP2C19 LOF cohort by CKD status and randomiza-
tion arm; consistent with the smaller size of the CYP2C19
LOF cohort, an overall number of events were lower as well.
There was a significantly lower risk for the primary out-
come among patients with no CKD who were randomized
to GG therapy, but the test for interaction was not signifi-
cant (p =0.20) (Fig. 2b). For severe recurrent ischemia, GG
therapy resulted in lower events among those with no CKD
(1.7% vs. 3.3%, p=0.043; aHR 0.49, 95% CI 0.24-0.98) as
opposed to those with CKD (6.4% vs. 2.2%, p=0.17) and
p value for interaction 0.026 (Fig. 2b). No differences were
seen at 3 months (Figure S2).

Bleeding Events

For safety outcomes, patients with CKD demonstrated > two-
fold increase in the risk for major or minor bleeding as
compared to patients without CKD (Table S3, Figure S3).
Figure 1b demonstrates the continuous increase in risk for
major or minor bleeding as eGFR decreases below 60 ml/
min/1.73 m%. No significant interaction between the treat-
ment strategy and CKD status was found for major or minor
bleeding in the overall cohort (Fig. 2a) nor among CYP2C19
LOF carriers (Fig. 2b).

Discussion
This is the largest genetic based study exploring the effect

of CKD on a prospective GG therapy as opposed to CT
strategy, and whether CYP2C19 LOF status attenuates the
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Table 1 Baseline characteristics in all subjects (number of patients per columns not equaling 100% due to missing values)

Patient characteristics

CKD (N=539) No CKD (N=4276) Total (N=4815) p Value
Study arm
Conventional therapy 296 (54.9%) 2105 (49.2%) 2401 (49.9%)
Genotype-guided therapy 243 (45.1%) 2171 (50.8%) 2414 (50.1%)
Age at PCI (years; mean (SD)) 70.6 (10.0) 61.4 (10.7) 62.4 (11.0) <0.001
Creatinine (mg/dl; mean (SD)) 1.4 (0.3) 0.9 (0.2) 0.9 (0.3) <0.001
Estimated GFR (ml/min/1.73 m?; mean (SD)) 49.5 (8.4) 92.1 (25.7) 87.3 (27.8) <0.01
Sex (female; N (%)) 220 (40.8%) 970 (22.7%) 1190 (24.7%) <0.001
Body mass index (kg/mQ; mean (SD)) 29.7 (6.4) 28.8 (6.1) 28.9 (6.1) <0.001
Ethnicity <0.001
Caucasian 395 (73.3%) 2615 (61.2%) 3010 (62.5%)
East Asian 75 (13.9%) 1060 (24.8%) 1135 (23.6%)
South Asian 24 (4.5%) 202 (4.7%) 226 (4.7%)
African-American/Black 7 (1.3%) 107 (2.5%) 114 (2.4%)
Hispanic or Latino 18 (3.3%) 121 (2.8%) 139 (2.9%)
Other 20 (3.7%) 171 (1.9%) 191 (3.9%)
Country of enrollment <0.001
USA 340 (63.1%) 2063 (48.2%) 2403 (49.9%)
Canada 94 (17.4%) 978 (22.9%) 1072 (22.3%)
S. Korea 93 (17.3%) 1154 (27.0%) 1247 (25.9%)
Mexico 12 2.2%) 81 (1.9%) 93 (1.9%)
Comorbidities
Hypertension 439 (81.4%) 2590 (60.6%) 3029 (62.9%) <0.001
Diabetes 227 (42.1%) 1091 (25.5%) 1318 (27.4%) <0.001
History of MI (excluding index event) 104 (19.3%) 581 (13.6%) 685 (14.2%) <0.001
Any history of heart failure 63 (11.7%) 367 (8.6%) 430 (8.9%) 0.018
Stroke/TIA 25 (4.6%) 112 (2.6%) 137 (2.8%) 0.008
Dyslipidemia 338 (62.7%) 2157 (50.4%) 2495 (51.8%) <0.001
History of PCI 169 (31.4%) 933 (21.8%) 1102 (22.9%) <0.001
History of CABG 82 (15.2%) 268 (6.3%) 350 (7.3%) <0.001
Peripheral artery disease 27 (5.0%) 97 2.3%) 124 (2.6%) <0.001
Cigarette use (current/recent use) 75 (13.9%) 1192 (27.9%) 1267 (26.3%) <0.001
CAD subtype <0.001
Stable CAD 131 (24.3%) 694 (16.2%) 825 (17.1%)
Unstable angina/non-STEMI 328 (60.9%) 2658 (62.2%) 2986 (62.0%)
STEMI 80 (14.8%) 924 (21.6%) 1004 (20.9%)

CABG, coronary artery bypass graft; CAD, coronary artery disease; CKD, chronic kidney disease; GFR, glomerular filtration rate; LOF, loss
of function; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; TIA, transient

ischemic attack

effect of CKD on clinical outcomes. As seen in prior stud-
ies, CKD patients remain at higher risk of ischemic and
bleeding outcomes in the modern era of newer generation
coronary stenting. We demonstrate that this risk is not modi-
fied by the presence of CYP2C19 LOF alleles. In contrast
to other studies of cardiovascular therapeutics in which
patients with CKD appear to garner a greater benefit from
therapeutic interventions [14, 15], GG therapy was more
effective among CYP2CI19 LOF carriers with no CKD,
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specifically by reducing severe recurrent coronary ischemia
events without an increased bleeding risk. These findings
suggest that patients with CKD, who are traditionally under-
represented in cardiovascular trials [16], may be resistant to
implementation strategies, the primary focus of TAILOR-
PCI, for escalation of anti-platelet therapy; further study is
needed to understand the mechanisms behind this resistance.
GG therapy did not lead to an increase in bleeding events
among those with CKD, suggesting that further studies of
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Table 2 Kaplan—Meier
estimates for outcomes and

Chronic kidney disease

No chronic kidney disease Interaction

i i p Value®
bleeding events at 365 days in
full analytic cohort: All data GG cT p* GG CT P
presented as number of events N 243 296 2171 2015
(event rate %)
QOutcomes
Primary outcome 19@8.1%) 2609.1%) 0.7 90(4.3%) 96 4. 7%) 0.48 0.92
Cardiovascular death 62.6%) 9@B.1%) 0.69 14(0.7%) 12(0.6%) 0.76 0.66
Mpyocardial infarction 62.6%) 93B2%) 070 26(1.2%) 33(1.6%) 0.29 0.88
Stroke 2(0.9%) 3(1%) 081 8(04%) 9(04%) 0.76 0.98
Severe recurrent ischemia 7 (3%) 8(129%) 09 47Q22% 4723%) 0.86 0.86
Stent thrombosis 3(1.3%) 7Q25%) 034 11(0.5%) 11(0.5%) 094 0.44
All-cause mortality 6(2.6%) 113.8%) 042 18(0.8%) 16(0.8%) 0.8 0.46
Bleeding events
Major/minor bleeding 10 @3%) 7Q6%) 025 20(1%) 21(1%) 079 024
Major bleeding 6(2.6%) 4(1.5%) 034 14(0.7%) 16(0.8%) 0.64 026
Minor bleeding 4(17%) 4(14%) 078 6(03%) 6(03% 095 0.84
BARC 2,3,5 bleeding 15(6.6%) 9@3.3%) 008 36(1.7%) 34(1.7%) 0.92 0.13

“Log rank p values

fInteraction p values from Cox models adjusting for age group, sex, hospital presentation, and site

BARC: Bleeding Academic Research Consortium

genotype-guided escalation or de-escalation post-PCI are not
precluded by safety concerns.

Phenotypic methods of identifying poor response to plate-
let inhibitors have been suggested as useful for improving
outcomes in patients with CKD. Liang et al. described a
novel approach of utilizing a non-specific assay of platelet
aggregation testing and instituting a high-dose clopidogrel
(150 mg versus standard 75 mg) in those with high clopi-
dogrel resistance [17]. They found a significant reduction
of definite or probable stent thrombosis using high-dose
clopidogrel in patients with CKD who demonstrated clopi-
dogrel resistance (1.1% vs. 4.9%, p=0.030). The rates of
major or minor bleeding were higher in the high-dose arm
(7.0% vs. 3.3%), though not statistically significant. Such a
strategy of changing treatment based on platelet aggregation
assays has not proven to be of benefit in larger randomized
clinical trials [18, 19], but has not specifically been studied
in CKD patients. Genotyping enables an evaluation of risk
for clopidogrel non-responsiveness preemptively without a
functional assessment on-treatment [20].

The importance of personalizing drug selection in
patients with CKD has been highlighted in previous stud-
ies of CYP2C19 LOF alleles and clopidogrel use but
have provided conflicting results. Viviani Anselmi et al.
examined the association of LOF alleles and outcomes in
patients post-PCI (n=1432) treated with clopidogrel and
aspirin and performed sub-analysis among those with high
risk features—diabetes, CKD, and older age [21]. In this
analysis, CYP2C19 LOF alleles were most associated with
major adverse cardiovascular events among patients with

high-risk features including CKD. Wu et al. found similar
results, greater effect of CYP2C19 LOF status in CKD, in
patients with minor stroke/transient ischemic attacks who
were treated with clopidogrel for subsequent stroke preven-
tion [22]. On the other hand, two prospective cohort studies
of the association between CYP2CI9 LOF alleles and out-
comes post-PCI clopidogrel use demonstrated no associa-
tion of CYP2C19 LOF status and outcomes in CKD. Tabata
et al. and Wang et al. found that patients without CKD
(eGFR > 60 ml/min/1.73 m?) had higher risk of adverse car-
diovascular events with LOF alleles and clopidogrel treat-
ment post-PCI, whereas those with CKD demonstrated no
association between presence of LOF alleles and cardiovas-
cular outcomes [23, 24]. Our analysis would be aligned with
these latter studies, in that patients without CKD derived
some benefit from GG strategy to P2Y, inhibitor selection,
whereas patients with CKD did not. In addition, the current
analysis adds to this literature by providing the first rand-
omized allocation of P2Y |, inhibitor post-PCI based on a
GG strategy using CYP2C19 LOF status including patients
with CKD.

The reason for the lack of benefit of GG therapy in the
CKD population cannot be easily explained. One possi-
ble explanation is the high on-treatment platelet reactivity
(HPR) exhibited by patients with CKD as compared to those
without CKD [8]. This meta-analysis identified that on aver-
age, there was a greater proportion of HPR in patients with
CKD than non-CKD, HPR was more likely as kidney func-
tion worsened, and HPR was associated with 1.5—threefold
increased risk of adverse cardiovascular events (including
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Fig. 1 a Spline curve for

primary outcome by baseline
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post-procedural MI, and in-stent thrombosis) in patients with
CKD. In a single-center study looking at both CYP2C19
LOF status and on-treatment reactivity, Tabata et al. identi-
fied that residual platelet reactivity on clopidogrel, even in
the setting of CYP2C19 LOF non-carrier, was higher among
patients with CKD (21.7%) than in non-CKD patients (3.7%)
[23]. Prior studies on platelet reactivity in the setting of tica-
grelor use have demonstrated sufficient suppression of plate-
let activity in CKD as compared to non-CKD patients [25,
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26]; however, in CKD patients on hemodialysis, persistent
high platelet reactivity was seen despite prolonged duration
of ticagrelor therapy [27, 28]. It is therefore possible that
factors other than genotype are involved in thrombotic risk
in patients with CKD that are not fully amenable to P2Y,,
inhibition [7]. Studies in animals and humans have demon-
strated the role of uremic retention toxins (indoxyl sulfate) as
a potential mediator of platelet hyperactivation, independent
of pathways inhibited by P2Y, inhibitors and aspirin [29,
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Fig.2 a Interaction between
randomized study arm and CKD
status for various outcomes/
safety parameters in all rand-
omized subjects. b Outcomes
and interaction of treatment
strategy by CKD status in those
with CYP2C19 LOF mutation

Limitations

The current analysis should be considered in the context
of some limitations. This was a post hoc analysis within
the cohort of a randomized controlled trial; thus, residual
confounding cannot be fully eliminated. Some findings of
statistical significance may be related to multiple compari-
sons; the current analyses were not adjusted for multiple

@ Springer

comparisons and therefore are only hypothesis generating.
The small number with CKD patients limits more detailed
exploration of subgroups within the CKD population. The
current CKD population consisted primarily of mild to
moderate renal function decline (eGFR of approximately
48-50 ml/min/1.73 m?); extrapolation to patients with more
advanced CKD, requiring dialysis therapy, or have a kid-
ney transplant is not possible. Missing values for serum
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creatinine concentration possibly resulted in reduced power
to detect differences in the subgroups. The mix of CKD
patients with stable and acute coronary syndromes, and
inability to distinguish relative merits or harms within either
group, necessitates more comprehensive evaluation within
each sub-group.

Conclusion

This secondary analysis of the TAILOR-PCI cohort of
patients with and without CKD suggested no interaction
between CKD status and GG strategy for the primary out-
come. Patients with CKD demonstrate persistent thrombotic
risk despite dual antiplatelet therapy, and rates of throm-
botic events and bleeding remain higher than seen in patients
without CKD. However, when a GG strategy is employed
to escalate P2Y |, inhibitor therapy post-PCI (ticagrelor in
CYP2C19 loss of function carriers) among patients with
CKD, there was no evidence of an increased risk of bleed-
ing as compared to standard therapy with clopidogrel. Thus,
based on this finding, larger studies in the CKD population
are not precluded by safety concerns.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10557-022-07392-2.
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