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Introduction: Although oral P2Y12 inhibitors (P2Y12-Is) are one of the most commonly prescribed medi-

cation classes in patients with end stage kidney disease on dialysis (ESKD), scarce data exist regarding

their benefits and risks.

Methods: We compared effectiveness and safety of clopidogrel, prasugrel, and ticagrelor in a longitudinal

study using the United States Renal Data System registry of Medicare beneficiaries with ESKD. Individuals

who filled new P2Y12-I prescriptions between 2011 and 2015 were included and followed until death or

censoring. The primary exposure variable was P2Y12-I assignment. The primary outcome variable was

death. Secondary outcomes included cardiovascular (CV) death, coronary revascularization, and gastro-

intestinal (GI) hemorrhage. Survival analyses were performed after propensity matching.

Results: Of 44,619 patients with ESKD who received P2Y12-Is, 95% received clopidogrel (n ¼ 42,523), 3%

prasugrel (n ¼ 1205), and 2% ticagrelor (n ¼ 891). To balance baseline differences, propensity-matching

was performed: 1:6 for prasugrel (n ¼ 1189) versus clopidogrel (n ¼ 7134); 1:4 for ticagrelor (n ¼ 880)

versus clopidogrel (n ¼ 3520); and 1:1 for ticagrelor versus prasugrel (n ¼ 880). Prasugrel was associated

with a reduced risk for death versus clopidogrel and ticagrelor (adjusted hazard ratio [HR] ¼ 0.82; 95% CI:

0.73–0.93 and 0.78; 95% CI: 0.64–0.95). Compared with clopidogrel, prasugrel reduced risk for coronary

revascularization (HR ¼ 0.91; 95% CI: 0.86–0.96). There were no differences in GI hemorrhage between

P2Y12-Is.

Conclusion: In patients with ESKD, prasugrel compared with others reduced risk of death possibly by

reducing risk for coronary revascularizations and without worsening gastrointestinal hemorrhage. Future

trials are imperative to compare efficacy and safety of P2Y12-Is in patients with ESKD.
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M
ore than 600,000 patients in the United States are
affected with ESKD and dependent on chronic

dialysis.1 This population is at a $4-fold increased risk
of thrombotic CV events, such as acute myocardial
infarction (AMI), as compared with the general popu-
lation.2 Thrombotic events frequently lead to percuta-
neous coronary interventions and dual antiplatelet
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therapy with aspirin plus an oral P2Y12-I. Not sur-
prisingly, P2Y12-Is are one of the most often prescribed
drugs in patients with ESKD.1

Ticagrelor and prasugrel are approved by the United
States Food and Drug Administration in the AMI set-
tings, whereas clopidogrel is also indicated in non-AMI
settings, including for broader clinical use in periph-
eral arterial disease or stroke.3,4 Ticagrelor is an active
drug.5 Prasugrel is converted into a metabolite by es-
terases in the intestine to become active.6 Clopidogrel,
however, becomes active after multiple activation steps
by the cytochrome P450 system.7 Thus, ticagrelor and
prasugrel have greater antiplatelet effects than
clopidogrel,8,9 with reduced interindividual and
2381
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intraindividual variabilities, resulting in 15% lower CV
events and mortality in the general population.10,11

Nevertheless, no head-to-head randomized clinical
trials (RCTs) compared P2Y12-I treatments in patients
with ESKD, and scarce observational data exist to
support the use of prasugrel or ticagrelor over clopi-
dogrel.12,13 The proportion of patients with ESKD
receiving ticagrelor has increased, the proportion
receiving prasugrel remains unchanged, and clopi-
dogrel remains the most often prescribed P2Y12-I.14 On
one hand, ESKD may result in alterations of platelet
receptors and impairment in drug conformational
changes, which can potentially render newer P2Y12-Is
less efficacious.15 On the other hand, these patients are
at a disproportionately higher risk for bleeding that
might be worse with more potent antiplatelet ther-
apy.16,17 Therefore, comparative effectiveness and
safety data on P2Y12-I in ESKD would help fill a
knowledge gap that is less likely to be filled by a RCT
to guide evidence-based care and help clinicians bal-
ance between thrombotic and bleeding risks in these
patients.

To address these knowledge gaps, we used Medicare
claims data to compare the effectiveness and safety of
prasugrel, ticagrelor, and clopidogrel among in-
dividuals with ESKD newly prescribed a P2Y12-I, us-
ing propensity score matching to minimize bias by
indication. We hypothesized that patients with ESKD
on prasugrel and ticagrelor, compared with those on
clopidogrel, have a reduced risk of all-cause death and
CV events but an increased risk of GI hemorrhage.

METHODS
Data Source

The United States Renal Data System (USRDS) is a na-
tional registry that tracks >93% of all adult patients on
dialysis from initiation of dialysis to kidney trans-
plantation or death and incorporates Medicare parts A,
B, and D claims. The registry includes demographic
and comorbidity for every patient documented on
initiation of dialysis in the Centers for Medicare and
Medicaid Services form 2728, tracks health updates,
and records date and cause(s) of death by extracting
patient-level claims.

Design and Cohort

We created a national cohort of patients with ESKD
who initiated P2Y12-I therapy from files dated January
1, 2011, to December 30, 2015. The cohort identification
period started on July 20, 2011, and ended on
September 30, 2015. The start date corresponds to
when ticagrelor became available on the market. The
end date is the last date when the International Clas-
sification for Diseases, Ninth Revision, Clinical
2382
Modification code was switched to the International
Classification for Diseases, Tenth Revision, Clinical
Modification. After applying exclusions, we identified
every patient who was continuously eligible for
Medicare and filled a new prescription. The following 2
steps identified new prescriptions: first, P2Y12-I was
identified by nonproprietary drug names, and, second,
any such prescription appearing after a 6-month period
without any previous patient exposure was flagged as
new. The index date was defined as the date of the first
prescription. The earliest and the latest possible index
dates were July 20, 2011, and September 29, 2015.
Comorbidities were assessed 6 months before the index
dates. Participants were followed from the index date
to death or censorship. Once individuals were
censored, they were not allowed back into the cohort.
Our final analysis was based on the intention-to-treat
approach in which we followed censored-at-switch
strategy.18

All prevalent patients undergoing chronic dialysis
including those on dialysis after failed transplantation
were considered if they survived $6 months from the
first recorded service. Continuous eligibility for
Medicare parts A, B, and D was confirmed during the
6-month period before the index dates and throughout
the follow-up period. Beneficiaries taking anticoagu-
lants before the index dates were included. Finally,
new prescription criterion was applied. Patients were
excluded if <18 years of age; had missing first service
date; initiated chronic dialysis after the study end date;
were not prescribed P2Y12-I; or new prescription cri-
terion was not met. Institutional Review Board
approval was obtained.

Variables

Comorbidities were collected from the Centers for
Medicare and Medicaid Services form 2728. In addi-
tion, we combined data obtained with codes appearing
on 2 different days in outpatient claims data or once in
hospital claims data before the index dates (see
Supplementary Table S1).19,20

Exposure

The primary exposure variable was assignment to a
P2Y12-I type. Date of outpatient fill and days’ supply
were used to flag dates covered by a prescription. This
allowed us to calculate time-dependent cumulative
drug exposure, which was defined as the number of
weeks covered by a P2Y12-I divided by the number of
weeks of follow-up and expressed as a percentage.
Adjustments in run-out dates and days’ supply for
overlapping prescriptions were made. If the strength of
the second overlapping prescription was similar to the
first one and was filled within 7 days of the run-out
Kidney International Reports (2021) 6, 2381–2391
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date of the first, the second prescription start date was
adjusted to 1 day after the run-out date of the first
prescription. Subsequently, the second prescription
run-out date was extended to account for the number
of overlapping days. If the second prescription was for
a different strength, the first prescription run-out date
was shortened to 1 day before the service date of the
second prescription. The first prescription day supply
was shortened accordingly. To account for length of
hospitalization, days’ supply and run-out dates were
extended by length of hospital stay for prescriptions
spanning hospitalization. We also measured time-
dependent cumulative drug exposure and “user
status” to account for medication adherence in the
sensitivity analysis.19 When there were gaps in
possession of drug for $2 weeks, “non-user” status
was flagged for a given week as antiplatelet effects of
P2Y12-I washout in 2 weeks; otherwise, “user” status
was flagged.

Outcomes

From the index date to the study end date, we flagged
outcomes in the hospitalization claims (see
Supplementary Table S2). The primary outcome was
all-cause death. Nephrologists are mandated to submit
to their regional network a Death Notification Form,
including time and cause of death, within 45 days of
the event. Each network then forwards the information
to the USRDS Coordinating Center, which then be-
comes part of the USRDS registry. The secondary
effectiveness outcomes were CV death and any occur-
rence of coronary revascularization during the survival
period.19 CV death was defined as death from cardiac
cause, including AMI, coronary artery disease, car-
diomyopathy, cardiac arrhythmia, and cardiac arrest.
The secondary safety outcome was any occurrence of
GI hemorrhage during the survival period.

Censoring

Right censoring occurred during follow-up for
discontinuation of Medicare eligibility, transplantation
of kidney, switching from one P2Y12-I to another,
initiation of anticoagulant therapy, loss to USRDS
follow-up, or September 30, 2015.

Statistical Analyses

Comparisons across groups were performed with
Kruskal–Wallis test for continuous variables and
Cochran-Mantel-Haenszel c2 tests for categorical vari-
ables. Crude event rates were calculated per 1000 per-
son-years.

To compare all-cause death events based on each
P2Y12-I category, univariable survival analyses using
Kaplan–Meier curves were performed, with statistical
Kidney International Reports (2021) 6, 2381–2391
significance determined using a log-rank test. We,
subsequently, constructed semiparametric Cox pro-
portional hazards models to compare prasugrel with
clopidogrel, ticagrelor with clopidogrel, and ticagrelor
with prasugrel. Models included P2Y12-I exposure,
demographics, dialysis-related factors, comorbidities,
year of index date, concomitant medications, and
interim events. Because an individual having an
interim CV event (including AMI, ischemic stroke,
hospitalization for congestive heart failure, or coronary
revascularization) on P2Y12-I therapy may have a
higher risk of death as compared with those without
such events, “interim” event was added as a time-
dependent covariate to our model for all-cause death.
Specifically, our models allowed comparisons between
ticagrelor/clopidogrel, prasugrel/clopidogrel, and pra-
sugrel/ticagrelor expressed in terms of % hazard
reduction after Bonferroni multiplicity adjustment. Cox
proportional hazards model assumptions were evalu-
ated using log-log survival plots for categorical cova-
riates and a plot of Schoenfeld residuals versus time for
continuous covariates.

To minimize confounding by indication, we per-
formed propensity score matching. We initially
considered using the inverse probability of treatment
weighting method of propensity analysis but rejected
this approach because of concerns that it would assign
disproportionately higher weights for prasugrel and
ticagrelor over clopidogrel given disproportionately
higher use of clopidogrel and underutilization of pra-
sugrel and ticagrelor in the cohort. Instead, for gener-
ating propensity scores, we used polychotomous (3
drugs) logistic regression models to investigate associ-
ations between prescriptions to a P2Y12-I type and
various patient characteristics, including de-
mographics, dialysis-related factors, and comorbidities,
such as CV events within 6 months of index dates.
Predicted probabilities from these logistic regression
models were used to generate propensity scores. These
scores were generated based on the main effect, and,
subsequently modified the model to include higher
order interactions between risk factors until observed
versus expected differences were no longer significant
using a similar approach to the Hosmer-Lemeshow test
applied to the regression models. Subsequently, vari-
able optimal matching was performed for each patient
on prasugrel to 6 patients on clopidogrel, without
replacement for each prasugrel-treated patient, and
using an algorithm match with a caliper width of 0.25
SD of the logit of propensity score. For each patient on
ticagrelor therapy, there were 4 patients on clopidogrel
therapy and 1 patient on prasugrel therapy using a
similar approach. Finally, matched sets (prasugrel-clo-
pidogrel, prasugrel-ticagrelor, and ticagrelor-
2383



Patients on dialysis included in the 
study, N = 44,619

Patients on dialysis who survived first 6 
months from the first USRDS service 

date N =1,045,511 

Excluded
884,718 did not receive prescriptions for P2Y-I or were not 

continuously eligible

Patients on clopidogrel
n = 42,523 (95%)

Patients on prasugrel
n = 1205  (3%)

Patients on ticagrelor
n = 891  (2%)

53 weeks median follow-up time
14,329 (34%) died
972 (2%) kidney transplant
3,531 (8%) lost Medicare benefits
748 (2%) switched P2Y12-I
3,573 (8%) initiated anticoagulants
33 (0.1%) lost to USRDS follow-up
19,337 (45%) study end September 2015

49 weeks median follow-up time
290 (24%) died
34 (3%) kidney transplant
67 (6%) lost Medicare benefits
335 (28%) switched P2Y12-I
72 (6%) initiated anticoagulants
<11 lost to USRDS follow-up
407 (34%) study end September 2015

23 weeks median follow-up time
176 (20%) died
<11 (1%) kidney transplant
39 (4%) lost Medicare benefits
221 (25%) switched P2Y12-I
32 (4%) initiated anticoagulants
<11 lost to USRDS follow-up
412 (46%) study end September 2015

Patients on dialysis with P2Y12-I
N = 160,793 

Excluded 

116,155 did not meet criterion for new prescriptions for P2Y12-I

<11 age <18 or >101 at the index date

<11 received 2 different P2Y12-I’s at index date

Figure 1. Derivation of the study cohort. P2Y12-I, P2Y12 inhibitor; USRDS, United States Renal Data System.
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clopidogrel) were compared to ensure balance in
covariates, that is, a standardized difference for each
covariate to be <10%. After matching, associations
between P2Y12-I therapy and outcomes were analyzed
using Cox proportional hazards models stratified by
matched sets to estimate HRs and corresponding
95% CIs.

Analyses of random-effect recurrent events of cor-
onary revascularization and GI hemorrhage were per-
formed by maximizing a Weibull likelihood using a
nonlinear mixed model by incorporating a random
disturbance term that represents unobserved hetero-
geneity owing to recurrent events on an individual.21

To account for differences in indications for P2Y12-
Is, we created a prespecified subgroup of those with
AMI claims before the index dates and performed the
above-mentioned survival analyses. For sensitivity
analysis to account for drug adherence, we incorpo-
rated 2 different time-dependent covariates of drug
exposure in separate models.22

All CIs used a 2-sided a of 0.05. Analyses were
generated with SAS software, version 9.4, for Windows
(SAS Institute Inc., Cary, NC), and with R software,
version 3.6.0, for Windows.
2384
RESULTS

Baseline Characteristics

During the observation period, 160,793 patients with
ESKD received prescriptions for a P2Y12-I (Figure 1).
Our final cohort was 44,619 patients; 95% received
clopidogrel (n ¼ 42,523), 3% prasugrel (n ¼ 1205), and
2% ticagrelor (n ¼ 891). Overall, 56,851.5 person-years
follow-up accrued with median (interquartile range)
follow-up of 52 weeks (20 weeks, 101 weeks). After
censoring, 20,156 patients (45.2%) remained at the
study end (Figure 1).

Median age was 64.0 years, and 20% were $75
years of age; 53.9% were men, 36.0% African Amer-
ican, and 17.8% Hispanic. Furthermore, 93% were on
hemodialysis, and the remaining on peritoneal dialysis.
A total of 8% of the cohort was on oral anticoagulants.
There were between-group differences in baseline
characteristics which were successfully matched and
balanced—1189 patients on prasugrel with 7134 pa-
tients on clopidogrel; 880 patients on ticagrelor with
3520 patients on clopidogrel; and 880 patients on
ticagrelor with 880 patients on prasugrel (Table 1 and
Supplementary Table S3).
Kidney International Reports (2021) 6, 2381–2391



Table 1. Characteristics of the study cohort before and after propensity matching

Baseline characteristics

Before propensity score matching After propensity score matching P vs. C After propensity score matching T vs. C

C, n [ 42,523 P, n [ 1205 T, n [ 891 P, n [ 1189 C, n [ 7134 Std. diff (%) T, n [ 880 C, n [ 3520 Std. diff (%)

Demographics

Age in yra 64.0 (55.0, 73.0) 60.0 (52.0, 68.0)b 64.0 (56.0, 72.0)b 60.0 (52.0, 68.0) 60.0 (51.0, 68.0) �0.5 64.0 (56.0, 72.5) 64.0 (55.0, 72.0) 2.3

Male sex, n (%) 22,820 (53.7) 731 (60.7)b 490 (55.0)b 720 (60.6) 4,392 (61.6) �2.1 484 (55.0) 1931 (54.9) 0.3

Race, n (%)

African American 15,466 (36.4) 316 (26.2)b 274 (30.8)b 312 (26.2) 1852 (26.0) 1.2 273 (31.0) 1063 (30.2) 3.2

Caucasian 17,128 (40.3) 567 (47.1)b 423 (47.5)b 561 (47.2) 3,402 (47.7) 416 (47.3) 1656 (47.0)
Hispanics 7578 (17.8) 238 (19.8)b 133 (14.9)b 234 (19.7) 1392 (19.5) 131 (14.9) 540 (15.3)
Other races 1262 (5.3) 81 (6.7%)b 59 (6.6)b 80 (6.7) 478 (6.7) 59 (6.7) 255 (7.2)
Unknown race 89 (0.2) 3 (0.2)b 2 (0.2)b 2 (0.2) 10 (0.1) 1 (0.1%) 6 (0.2)

Dialysis-related factors

Dialysis modality

Hemodialysis, n (%) 39,636 (93.2) 1064 (88.3)b 808 (90.7)b 1051 (88.4) 6337 (88.8) �1.4 798 (90.7) 3,163 (89.9) 2.8

Peritoneal dialysis, n (%) 1887 (6.8) 141 (11.7)b 83 (9.3)b 138 (11.6) 797 (11.2) 82 (9.3) 357 (10.1)

Weeks on dialysis 201 (100, 351) 185 (89, 326)b 192 (97, 324)b 186 (89, 328) 187 (95, 325) �0.5c 192 (97, 322) 183 (94, 318) 2.4c

Comorbidities, n (%)

AMI 9555 (22.5) 461 (38.3)b 411 (46.1)b 451 (37.9) 3,207 (45.0) 0.1d 404 (45.9) 1778 (50.5) 0.1d

Coronary revascularization 10,782 (25.4) 931 (77.3)b 727 (81.6)b 915 (77.0) 4088 (57.3) 0.1d 717 (81.5) 1115 (60.1) 0.1d

Hypertension 38,203 (89.8) 1077 (89.4) 799 (89.7) NA NA NA NA NA NA

Diabetes mellitus 33,378 (78.5) 953 (79.1) 725 (81.4) 942 (79.2) 5631 (78.9) 0.7 717 (81.5) 1874 (81.6) �0.4

Cancer 3,900 (9.2) 89 (7.4%) 84 (9.4%) 87 (7.3%) 524 (7.3%) �0.1 83 (9.4%) 314 (8.9%) 1.8

Liver disease 3,339 (7.9%) 93 (7.7) 53 (5.9) 93 (7.8) 545 (7.6) 0.7 53 (6.0) 219 (6.2) �0.8

GI bleed 3,374 (7.9) 75 (6.2) 61 (6.8) 74 (6.2) 434 (6.1) 0.6 60 (6.8) 224 (6.4) 1.8

COPD 13,304 (31.3) 324 (26.9)b 269 (30.2)b 320 (26.9) 1919 (26.9) 0.0 264 (30.0) 1048 (29.8) 0.5

Atrial fibrillation 8682 (20.4) 190 (15.8)b 154 (17.3)b 184 (15.5) 1075 (15.1) 1.1 150 (17.0) 589 (16.7) 0.8

CHF 26,303 (61.9) 763 (63.3) 575 (64.5) 755 (63.5) 4568 (64.0) �1.1 570 (64.8) 1304 (65.5) �1.4

PVD 18,548 (43.6) 399 (33.1)b 286 (32.1)b 394 (33.1) 1351 (33.0) 0.4 283 (32.2) 1154 (32.8) �1.3

Ischemic stroke 5330 (12.5) 43 (3.6)b 51 (5.7)b 43 (3.6) 254 (3.6) 0.3 51 (5.8) 211 (6.0) �0.8

Intracranial hemorrhage 426 (1.0) <11e <11e NA NA NA NA NA NA

Antihypertensive medicine 31,123 (73.2) 961 (79.8)b 718 (80.6)b 954 (80.2) 5710 (80.0) 0.5 713 (81.0) 1881 (81.8) �2.1

Satins 21,499 (50.6) 723 (60.0)b 555 (62.3)b 717 (60.3) 4280 (60.0) 0.6 551 (62.6) 1185 (62.1) 1.1

Proton pump inhibitor 13,157 (30.9) 387 (32.1) 271 (30.4) 386 (32.5) 1215 (31.0) 3.0 269 (30.6) 1120 (31.8) �2.7

AMI, acute myocardial infarction; C, clopidogrel; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; NA, not applicable; P, prasugrel; PVD, peripheral vascular disease; Std. diff., standardized difference; T,
ticagrelor.
aAges were calculated on index date and reported as mean (range).
bP < 0.01 comparing C, P, and T before propensity score matching.
cStd. diff was calculated based on natural log of weeks on dialysis.
dEither presence of baseline AMI or coronary revascularization was used for propensity score matching.
eThe number was masked as it was <11, in accordance with the USRDS policy.
Hypertension and intracranial hemorrhage were not used for propensity score matching.
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Outcomes

In the prasugrel/clopidogrel, ticagrelor/clopidogrel,
and prasugrel/ticagrelor propensity-matched cohorts,
2555 (30.7%), 1370 (31.1%), and 404 (23.0%),
respectively, died during the follow-up (Table 2).
Kaplan–Meier analyses revealed fewer all-cause deaths
among prasugrel users than clopidogrel or ticagrelor
users and no differences among ticagrelor and clopi-
dogrel users (Figure 2). Table 2 reveals the crude
event rates for the secondary outcomes. There were
1266 (15.2%), 667 (15.1%), and 210 (11.9%) CV
deaths in the prasugrel/clopidogrel, ticagrelor/clopi-
dogrel, and prasugrel/ticagrelor propensity-matched
cohorts. Of all coronary revascularizations, 21.7%
were first, 11.9% second, and the remaining subse-
quent occurrences. Of all GI hemorrhages, 70.2%
were first, 17.4% second, and the remaining subse-
quent occurrences.
Effect of P2Y12-I
All-Cause Death

After adjusting for covariates, prasugrel was associated
with a reduced risk of all-cause death (adjusted HRs ¼
0.82, 95% CI: 0.73–0.93 versus clopidogrel, Figure 3a,
and 0.83, 95% CI: 0.69–0.99 versus ticagrelor,
Figure 3c). This association remained unchanged after
matching for propensity of receiving prasugrel to clo-
pidogrel or ticagrelor (HRs 0.80, 95% CI: 0.70–0.90 and
0.75, 95% CI: 0.57–0.98; Figure 3a and c). There were
no significant differences in all-cause death between
ticagrelor and clopidogrel users (Figure 3b).

Secondary Outcomes

We found no differences for reduced risk of CV death
among prasugrel versus clopidogrel users (HR ¼ 0.85;
95% CI: 0.72–1.01) (Figure 3a) or prasugrel versus
ticagrelor users (HR ¼ 0.80; 95% CI: 0.60–1.07)
(Figure 3c) during follow-up and no difference between
ticagrelor versus clopidogrel users (HR ¼ 1.08; 95% CI:
0.86–1.35) (Figure 3b). There was reduced risk of cor-
onary revascularization with prasugrel use over clopi-
dogrel use (HR ¼ 0.91; 95% CI: 0.86–0.96; Figure 3a)
but not over ticagrelor use (HR ¼ 0.92; 95% CI: 0.88–
1.01; Figure 3c). GI hemorrhages were also not signif-
icantly different (Figure 3a–c).

Subgroup Analysis

A total of 451 prasugrel users and 404 ticagrelor users
were retained and matched to clopidogrel users in ra-
tios of 1:3 and 1:5. Similarly, 404 prasugrel users were
retained and matched to ticagrelor users in 1:1 ratio.
Propensity-matched analyses in the subgroups
confirmed that risk associated with all-cause death was
lower for prasugrel than for clopidogrel or ticagrelor
Kidney International Reports (2021) 6, 2381–2391



Figure 2. Kaplan–Meir curve representing survival probability of patients on chronic dialysis (ESKD) who were prescribed clopidogrel, pra-
sugrel, and ticagrelor. ESKD, end-stage kidney disease.
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(HRs ¼ 0.83; 95% CI: 0.69–1.00 and 0.66; 95% CI:
0.50–0.86) (Figure 3a and c).

Sensitivity Analysis

After adding time-dependent cumulative drug expo-
sure, the prasugrel effect persisted (HR ¼ 0.81; 95% CI:
0.72–0.91) in reducing all-cause death. When we
Figure 3. Forest plot for the entire cohort and the subgroup with AMI repre
in covariate-adjusted and propensity-matched cohorts. Panels represent r
ticagrelor versus clopidogrel, and (c) prasugrel versus ticagrelor. For the
ondary effectiveness outcomes, CV death and coronary revascularization
prasugrel versus clopidogrel, (b) ticagrelor versus clopidogrel, and (c)
cardiovascular; GI, gastrointestinal.
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adjusted for time-dependent “user” status, the prasu-
grel effect persisted (HR ¼ 0.75; 95% CI: 0.63–0.90).
DISCUSSION
Our important finding is that dialysis-dependent pa-
tients with ESKD who were treated with prasugrel, as
senting hazard ratio with its CI for primary outcome (all-cause death)
esults for comparison between (a) prasugrel versus clopidogrel, (b)
propensity-matched cohort, it also reveals comparison of the sec-
, and the secondary safety outcome, GI hemorrhage, between (a)
prasugrel versus ticagrelor. AMI, acute myocardial infarction; CV,
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compared with those treated with clopidogrel or tica-
grelor, had a reduced risk of all-cause death and no
added risk for GI hemorrhage, possibly by reducing
risk for CV deaths and coronary revascularizations.
These findings suggest that prasugrel may be more
effective than clopidogrel or ticagrelor for reducing
risk of death, primarily CV death, and of coronary
revascularization among dialysis-dependent patients
with ESKD. These findings can not only help guide
future research in this field but importantly fill a
knowledge gap that has not been filled by a trial to
guide evidence-based care in this vulnerable patient
population.

To date, there are no RCTs to guide P2Y12-I treat-
ment specifically in patients with ESKD. Our findings,
therefore, become important in that, in a large,
propensity-matched national cohort, risk associated
with all-cause death was lower with prasugrel than
with clopidogrel or ticagrelor, as they extend the re-
sults of landmark trials in patients with non-ESKD with
AMI.23,24 In the Platelet Inhibition and Patient Out-
comes trial, ticagrelor was found to be superior to
clopidogrel in patients with AMI.10 In 2 separate trials,
prasugrel was found to be superior to clopidogrel only
in those with AMI who underwent percutaneous cor-
onary intervention23 but not without percutaneous
coronary intervention.25 In the most recent Intra-
coronary Stenting and Antithrombotic Regimen: Rapid
Early Action for Coronary Treatment 5 trial, prasugrel
was superior to ticagrelor in patients with AMI un-
dergoing percutaneous coronary intervention.22 These
trials excluded patients with ESKD.10,20–25 Finally, a
recent analysis of patients with ESKD receiving drug-
eluting stents revealed no benefit of prasugrel or tica-
grelor over clopidogrel in reducing a composite of CV
death, AMI, or stroke.13 In the scarcity of previous
evidence and systematic exclusion of patients with
ESKD from landmark trials, our results highlight
important findings regarding better effectiveness of
prasugrel over others. It also lays groundwork for
future trials to compare efficacy and safety of P2Y12-I
use in patients with ESKD.

In our analysis, the risk of GI hemorrhage was not
different among patients treated with each of the
P2Y12-I drugs studied. Previous RCTs comparing pra-
sugrel or ticagrelor with clopidogrel reported no
increased risk of bleeding in patients without kidney
disease, and a subgroup analysis of individuals with
creatinine clearance < 60 ml/min revealed similar re-
sults.20–23 In addition, an RCT that followed patients
with ESKD for 6 weeks investigated the efficacy of
clopidogrel versus placebo in reducing arteriovenous
fistula thrombosis and revealed no increased risk of
bleeding with clopidogrel.26 The overall bleeding rate
2388
of 16% was higher in our study than aforementioned
studies, in which it was 2% to 4%, possibly owing to
the presence of higher prevalence of comorbidities, and
much longer follow-up.26 Our findings are contrary to
the current belief that prasugrel may be more harmful
than others based on postmarketing data reporting
higher risk of GI hemorrhage in patients with non-
ESKD treated with prasugrel.27 Given that patients
with ESKD are at a significantly higher risk of GI
hemorrhage than the general population, and anti-
platelet therapy potentially worsens this risk, patients
with ESKD were generally not well represented in RCTs
of antiplatelet therapy, and questions surrounding
safety of these newer P2Y12-Is in the setting of ESKD
remain unanswered. Our results suggest that P2Y12-I
type may not result in differential bleeding risk in
this high-risk patient population.

We also reveal that treatment with ticagrelor was not
associated with a mortality benefit over clopidogrel. In
the subgroup analyses of the Platelet Inhibition and
Patient Outcomes trial, the mortality benefit of tica-
grelor over clopidogrel observed in patients with a
creatinine clearance < 60 ml/min was lost in the sub-
group with clearance < 30 ml/min.28 This trial
included only 15 participants with clearance < 15 ml/
min not on chronic dialysis, and patients with ESKD
were excluded. Higher death rates were reported in
participants with clearance < 15 ml/min in the tica-
grelor arm as compared with the clopidogrel arm.14 A
similar trend was reported from another registry, in
which ticagrelor lost mortality benefit over clopidogrel
as severity of kidney disease worsened from
clearance <60 ml/min to <30 ml/min.29 A Taiwanese
study revealed that ticagrelor had no mortality benefit
over clopidogrel in patients with ESKD with AMI.30

Our results extend these findings to reveal no mortal-
ity benefit for ticagrelor in patients with the most se-
vere kidney disease—ESKD—with clearance typically
at <15 ml/min.

Our findings that patients with ESKD treated with
prasugrel, as compared with those treated with clopi-
dogrel or ticagrelor, had a reduced risk of all-cause
death, CV death, and coronary revascularization
without increasing risk of GI hemorrhage also reveal
how little we understand on the use of these drugs in
patients with ESKD. Prasugrel and ticagrelor are more
potent antiplatelet drugs and achieve greater platelet
inhibition than clopidogrel.6,31 This may be particu-
larly beneficial for patients with ESKD because platelet
activation in these patients is greater than in those
without kidney disease.32 Nevertheless, pharmacologic
properties of prasugrel and ticagrelor might be
different in the ESKD milieu than that in the general
population, thus altering their efficacy in patients with
Kidney International Reports (2021) 6, 2381–2391
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ESKD. First, prasugrel binds to the P2Y12 receptor
directly and irreversibly, whereas ticagrelor binds
reversibly to a site on the receptor remote from the
adenosine diphosphate binding site and blocks adeno-
sine diphosphate binding to the receptor by allosteric
modulation.6,31 This direct and irreversible inhibition
of the P2Y12 receptor by prasugrel may be more effi-
cacious than the remote and reversible binding of
ticagrelor owing to the presence of middle molecules in
the ESKD milieu that may interfere with binding.
Second, medication adherence may also be better with
once-daily prasugrel in patients with ESKD on poly-
pharmacy than with twice-daily ticagrelor.12 Our re-
sults are, therefore, a significant first step to drive
future research in this field of inquiry.

We observed significant association of prasugrel
over clopidogrel with reduction in coronary re-
vascularizations but not for CV deaths. One explana-
tion could be that a proportion of CV events may have
not been readily captured in the USRDS registry. As
compared with the general population, patients with
ESKD are known to experience a higher burden of
sudden cardiac death and often die at home without
even a chance for being diagnosed with a CV event or
undergoing revascularization.33 In addition, a large
proportion have baseline elevated levels of circulating
cardiac troponins.34 This leads to possible underdiag-
nosis and undertreatment of CV events in patients with
ESKD.35 Therefore, CV events were probably
undercaptured.

Several limitations deserve mentioning. First,
because aspirin is available over-the-counter, data on
its long-term use were not available in the registry. It
would bias the study if concurrent aspirin users
identified by prescriptions only were included because
it would leave out a large proportion of patients who
purchase aspirin over the counter. Nevertheless, our
effect sizes may fail to capture aspirin effect. On one
hand, aspirin alone may have some efficacy in reducing
CV events in patients with ESKD. On the other hand,
patients may be prescribed a P2Y12-I as monotherapy
without (or instead of) aspirin owing to the bleeding
risks associated with dual antiplatelet therapy in
ESKD.16,17 Second, prasugrel and ticagrelor were un-
derused in ESKD because ticagrelor was approved by
the US Food and Drug Administration on the study
start date and prasugrel was approved in 2009.14

Owing to lack of data related to the use of P2Y12-Is
in patients with ESKD, there may be reluctance
among prescribers to use prasugrel in ESKD given its
greater reported risk for bleeding than clopidogrel or
ticagrelor in the general population. Although we
minimized presence of selection bias using a rigorous
statistical approach, residual confounding could still
Kidney International Reports (2021) 6, 2381–2391
exist. Third, we used data sets before the transition
from the International Classification for Diseases, Ninth
Revision, Clinical Modification, to the International
Classification for Diseases, Tenth Revision, Clinical
Modification, codes. Trends for use of P2Y12-Is could
change with time, and future work could use more
recent data sets to confirm our results. Fourth,
switching between P2Y12-Is could be informative.36

For instance, if P2Y12-Is were stopped, or changed to
another P2Y12-I during follow-up, the reason for that
decision may not be available in a study of this nature.
Therefore, lack of an increase in GI hemorrhage may be
hidden as administrative claims data are not granular
enough to capture such occurrences. Finally, P2Y12-Is
could be prescribed for various clinical indications,
including AMI, stroke, or PVD. Although we per-
formed subgroup analysis by indication for AMI, drug
effects may not be uniform for other clinical indications
that were not analyzed in this study. Despite these
limitations, our study is strengthened by use of a large,
national, multiethnic cohort of an understudied, high-
risk patient population—precisely those who were
systematically excluded from previous RCTs. Because
of lack of evidence regarding P2Y12-I use in ESKD, our
results will become even more relevant only when a
large RCT in this patient population can be undertaken.

CONCLUSION
In patients with ESKD, treatment with prasugrel, as
compared with clopidogrel or ticagrelor, may be more
effective at reducing all-cause death without increasing
risk for GI hemorrhage, possibly by reducing risk for
CV deaths and coronary revascularizations. This is
important because these patients are at a dispropor-
tionately higher risk than the general population not
only for thrombotic events but also for bleeding. An
RCT is imperative to investigate comparative effec-
tiveness and safety of P2Y12-Is to guide evidence-based
care and balance efforts to reduce thrombotic risks
with those to minimize adverse bleeding events.
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