
Effect of P2Y12 Inhibitors on Survival Free of Organ Support
Among Non–Critically Ill Hospitalized Patients With COVID-19
A Randomized Clinical Trial
Jeffrey S. Berger, MD, MS; Lucy Z. Kornblith, MD; Michelle N. Gong, MD; Harmony R. Reynolds, MD; Mary Cushman, MD, MSc; Yu Cheng, PhD;
Bryan J. McVerry, MD; Keri S. Kim, PharmD; Renato D. Lopes, MD, PhD; Bassel Atassi, MD; Scott Berry, PhD; Grant Bochicchio, MD;
Murillo de Oliveira Antunes, MD; Michael E. Farkouh, MD; Yonatan Greenstein, MD; Erinn M. Hade, PhD; Kristin Hudock, MD, MSTR; Robert Hyzy, MD;
Pooja Khatri, MD; Andrei Kindzelski, MD, PhD; Bridget-Anne Kirwan, PhD; Lisa Baumann Kreuziger, MD; Patrick R. Lawler, MD, MPH; Eric Leifer, PhD;
Jose Lopez-Sendon Moreno, MD; Jose Lopez-Sendon, MD; James F. Luther, MA; Lilia Nigro Maia, MD; John Quigley, MD; Robert Sherwin, MD;
Lana Wahid, MD; Jennifer Wilson, MD; Judith S. Hochman, MD; Matthew D. Neal, MD; for the ACTIV-4a Investigators

IMPORTANCE Platelets represent a potential therapeutic target for improved clinical
outcomes in patients with COVID-19.

OBJECTIVE To evaluate the benefits and risks of adding a P2Y12 inhibitor to anticoagulant
therapy among non–critically ill patients hospitalized for COVID-19.

DESIGN, SETTING, AND PARTICIPANTS An open-label, bayesian, adaptive randomized clinical
trial including 562 non–critically ill patients hospitalized for COVID-19 was conducted
between February 2021 and June 2021 at 60 hospitals in Brazil, Italy, Spain, and the US.
The date of final 90-day follow-up was September 15, 2021.

INTERVENTIONS Patients were randomized to a therapeutic dose of heparin plus a P2Y12
inhibitor (n = 293) or a therapeutic dose of heparin only (usual care) (n = 269) in a 1:1 ratio
for 14 days or until hospital discharge, whichever was sooner. Ticagrelor was the preferred
P2Y12 inhibitor.

MAIN OUTCOMES AND MEASURES The composite primary outcome was organ support–free
days evaluated on an ordinal scale that combined in-hospital death (assigned a value of −1)
and, for those who survived to hospital discharge, the number of days free of respiratory
or cardiovascular organ support up to day 21 of the index hospitalization (range, −1 to 21 days;
higher scores indicate less organ support and better outcomes). The primary safety
outcome was major bleeding by 28 days as defined by the International Society on
Thrombosis and Hemostasis.

RESULTS Enrollment of non–critically ill patients was discontinued when the prespecified
criterion for futility was met. All 562 patients who were randomized (mean age, 52.7
[SD, 13.5] years; 41.5% women) completed the trial and 87% received a therapeutic dose
of heparin by the end of study day 1. In the P2Y12 inhibitor group, ticagrelor was used in 63%
of patients and clopidogrel in 37%. The median number of organ support–free days was 21
days (IQR, 20-21 days) among patients in the P2Y12 inhibitor group and was 21 days
(IQR, 21-21 days) in the usual care group (adjusted odds ratio, 0.83 [95% credible interval,
0.55-1.25]; posterior probability of futility [defined as an odds ratio <1.2], 96%). Major
bleeding occurred in 6 patients (2.0%) in the P2Y12 inhibitor group and in 2 patients (0.7%)
in the usual care group (adjusted odds ratio, 3.31 [95% CI, 0.64-17.2]; P = .15).

CONCLUSIONS AND RELEVANCE Among non–critically ill patients hospitalized for COVID-19,
the use of a P2Y12 inhibitor in addition to a therapeutic dose of heparin, compared with
a therapeutic dose of heparin only, did not result in an increased odds of improvement
in organ support–free days within 21 days during hospitalization.
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S ARS-CoV-2, the virus responsible for COVID-19, results
in significant morbidity and mortality.1-3 The majority
of hospitalized patients are not critically ill and do not

require intensive care–level support. Although data from a mul-
tiplatform randomized clinical trial demonstrated that a thera-
peutic dose of heparin increased the number of days alive and
free of organ support in non–critically ill patients with COVID-
19, 24% of the patients (247/1048) died or received intensive
care–level support,4 highlighting the need for additional thera-
pies in this high-risk cohort.

Autopsy and clinical data highlighted the potential role of
platelets in the pathogenesis of COVID-19.5,6 Circulating bio-
markers reflecting platelet activity (eg, soluble CD40 ligand,
P-selectin, thromboxane B2) were found to be independently
associated with risk of severe disease, thrombosis, and death
in patients with COVID-19.7 Platelet × viral interactions have
induced a proinflammatory platelet phenotype in other viral
infections such as influenza.8,9 Platelets isolated from pa-
tients with COVID-19 were found to be hyperreactive and have
induced activation of myeloid and endothelial cells.10-12 Taken
together, these data suggest that activated platelets may rep-
resent a therapeutic target for improved clinical outcomes in
patients with COVID-19.

The P2Y12 receptor, a Gi-coupled adenosine diphosphate
receptor, plays a pivotal role in platelet activation and aggre-
gation. Platelet inhibition targeting the P2Y12 receptor was
effective for the prevention of thrombotic complications in
patients with acute coronary syndrome or undergoing percu-
taneous coronary intervention.13 In addition to their anti-
thrombotic properties, P2Y12 inhibitors, and ticagrelor in
particular, have reduced inflammation; other beneficial
effects have been reported in experimental models and in
clinical inflammatory diseases, including sepsis and acute
lung injury.14,15

Accelerating COVID-19 Therapeutic Interventions and Vac-
cines 4 Acute (ACTIV-4a) is an international, adaptive, ran-
domized clinical trial to evaluate whether P2Y12 inhibition in-
creases organ support–free days evaluated on an ordinal scale
that combined in-hospital death and the number of days free
of cardiovascular or respiratory organ support in patients hos-
pitalized for COVID-19.

Methods
Trial Design and Oversight
The ACTIV-4a trial was supported by the National Institutes
of Health and was designed to evaluate the effects of anti-
thrombotic therapies in patients hospitalized for COVID-19.
The trial, which was coordinated at the NYU Grossman
School of Medicine and the University of Pittsburgh, en-
rolled patients across clinical trial networks. The study
received central institutional review board approval for the
US sites coordinated by the University of Pittsburgh and cen-
tral ethics committee approvals in Brazil, Italy, and Spain.
After completion of testing anticoagulant therapy with
heparins in the initial groups,4,16 this trial randomized
patients to a therapeutic dose of heparin plus a P2Y12 inhibi-

tor or a therapeutic dose of heparin only (usual care). Based
on previously published data,4 it was strongly recommended
that a therapeutic dose with either unfractionated heparin or
low-molecular-weight heparin be used for non–critically ill
patients with COVID-19.

Written informed consent was obtained from the patient
or legal representative if the patient was unable to provide con-
sent. The trial was conducted in accordance with the prin-
ciples of the Good Clinical Practice guidelines of the Interna-
tional Conference on Harmonization. The trial protocol and
statistical analysis plan appear in Supplement 1 and Supple-
ment 2, respectively.

Patients
Patients were eligible for the trial if they had laboratory-
confirmed SARS-CoV-2 infection and were hospitalized for
COVID-19 (Figure 1). The investigators hypothesized that the
benefits and risks of a P2Y12 inhibitor may vary according to
disease severity. As such, the design of the ACTIV-4a trial
prospectively stratified patients into a critically ill (required
intensive care–level support) cohort and a non–critically ill
cohort (hospitalized but did not require intensive care–level
support) at enrollment. The results from the non–critically ill
cohort appear in this report.

Intensive care–level support was defined as use of respi-
ratory or cardiovascular organ support (oxygen via high-flow
nasal cannula ≥20 L per minute, noninvasive or invasive me-
chanical ventilation, vasopressors, inotropes, or extracorpo-
real membrane oxygenation).16 This report describes the re-
sults of the analyses for non–critically ill patients hospitalized
for COVID-19. The ACTIV-4a trial continues to enroll critically
ill patients.

Patients were eligible to be enrolled if they met any 1 of
the following criteria: had a D-dimer level that was 2-fold or
greater than the upper limit of normal (determined at each
hospital site) or were 60 to 84 years of age. If a patient was
younger than 60 years of age, he or she could be enrolled if at
least 1 of the following criteria were met: had an oxygen
requirement greater than 2 L per minute or had hyperten-
sion, diabetes, chronic kidney disease (estimated glomerular

Key Points
Question What is the effect of a P2Y12 inhibitor added to
anticoagulant therapy on clinical outcomes in non–critically ill
patients hospitalized for COVID-19?

Findings In this bayesian, adaptive, randomized clinical trial that
included 562 patients, use of a therapeutic dose of heparin plus a
P2Y12 inhibitor, compared with a therapeutic dose of heparin only
(usual care), did not increase the odds of improvement in the
number of days alive and free of cardiovascular or respiratory
organ support within 21 days during the index hospitalization
(adjusted odds ratio, 0.83), and the posterior probability of futility
(defined as an odds ratio <1.2) was 96%.

Meaning These findings do not support the addition of a P2Y12
inhibitor to a therapeutic dose of heparin among non–critically ill
patients hospitalized for COVID-19.
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filtration rate <60 mL/min/1.73 m2), cardiovascular disease,
or a body mass index (calculated as weight in kilograms
divided by height in meters squared) of 35 or greater. These
criteria were chosen to enrich for events based on data from
non–critically ill patients.4,16

Patients were ineligible for enrollment if 72 hours or more
had elapsed from the hospital admission for COVID-19 or SARS-
CoV-2 infection confirmation, if hospital discharge was ex-
pected within 72 hours, or if they had a contraindication to
P2Y12 inhibitors or a clinical requirement for dual antiplate-
let therapy (see the trial protocol in Supplement 1 for detailed
eligibility criteria). To account for the differences in race and
ethnicity observed during the COVID-19 pandemic, this trial
collected self-reported race and ethnicity data from either the
patients or their surrogates via fixed categories appropriate to
their country and region of residence.

Randomization
Randomization was concealed via a secure IxRS system (World-
wide Clinical Trials). Patients were randomized to receive a
therapeutic dose of heparin plus a P2Y12 inhibitor or a thera-
peutic dose of heparin only (usual care) in an open-label fash-
ion using a 1:1 ratio and permuted block sizes of 2 or 4. Pa-
tients were stratified by hospital site and severity of illness
using a web-based system (eSocdat, Socar Research).

Ticagrelor was the preferred P2Y12 inhibitor; however,
clopidogrel and prasugrel were allowed. When clopidogrel was
used, a loading dose of 300 mg was encouraged. Additional
details of dosing appear in the trial protocol (Supplement 1).

The duration of P2Y12 inhibitor treatment was 14 days or un-
til hospital discharge, whichever came first. All non–critically
ill patients were recommended to receive a therapeutic dose
of heparin based on reported findings in patients with
COVID-19.4 This study followed the reporting guidelines of the
Consolidated Standards of Reporting Trials.

Outcome Measures
The composite primary outcome was organ support–free days
evaluated on an ordinal scale that combined in-hospital death
(assigned a value of −1) and, for those who survived to hospi-
tal discharge, the number of days free of respiratory or car-
diovascular organ support up to day 21 of the index hospital-
ization. Any death during the index hospitalization through
90 days was assigned the worst outcome (–1). This outcome
reflects both use of critical care therapies and survival with a
range of −1 to 21 days; higher values indicate less organ sup-
port and better outcomes. The primary safety outcome was ma-
jor bleeding by 28 days as defined by the International Soci-
ety on Thrombosis and Hemostasis.

A key secondary outcome was major thrombotic events
or death by 28 days (a composite outcome of myocardial
infarction, pulmonary embolism, ischemic stroke, systemic
arterial embolism, and in-hospital death). Secondary efficacy
outcomes included all thrombotic events (major thrombotic
events plus deep venous thrombosis) or death by 28 days.
The secondary safety outcome was a composite of major
bleeding or death by 28 days. All reported bleeding and
thrombotic events were adjudicated in a blinded fashion by

Figure 1. Eligibility, Randomization, and Follow-up in the ACTIV-4a Trial of P2Y12 Inhibitors in Non–Critically Ill
Patients Hospitalized for COVID-19

5676 Patients hospitalized for COVID-19
assessed for eligibility

5114 Excluded
4658 Ineligible

14 Provided consent but did not undergo randomization

442 Had severe disease at baseline (required intensive
care–level support)

7 No longer met inclusion criteria

7 Withdrew consent before randomization

3 At risk for bleeding
2 Did not have oxygen level >2 L
1 Not expected to be hospitalized >72 h
1 Aged >85 y

2510 Met unspecified exclusion criteria
888 ≥72 h since hospitalization or since

COVID-19 diagnosis
591 Anticipated hospitalization <72 h
484 Refused to participate
185 Had contraindication to anticoagulant therapy

or to a P2Y12 inhibitor

562 Randomizeda

293 Included in 21-d primary outcome analysis
293 Included in 28-d secondary analysis

293 Randomized to receive a therapeutic
dose of heparin plus a P2Y12 inhibitor

269 Randomized to receive a therapeutic
dose of heparin only (usual care)

269 Included in 21-d primary outcome analysis
269 Included in 28-d secondary analysis

ACTIV-4a indicates Accelerating
COVID-19 Therapeutic Interventions
and Vaccines 4 Acute.
a Randomization was stratified by

hospital site and severity of illness.
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the clinical end point committee using consensus definitions
(eMethods 1 in Supplement 3). The full list of the study out-
comes appears in eTable 1 in Supplement 3 and in the statisti-
cal analysis plan (Supplement 2).

Sample Size Calculation
The design was adaptive in sample size with a range of 200 to
2000 patients. Adaptive analyses were planned monthly with
a minimum of 200 patients enrolled between analyses. The
operating characteristics were determined through clinical trial
simulations. The adaptive sample size yields more than 80%
power for an odds ratio (OR) change of 1.25 in the organ sup-
port–free days outcome. There is approximately 90% power
for an OR of 1.5 with 400 patients per group in the adaptive
analyses. An OR of 2 results in more than 90% power for the
first interim analysis of 200 patients per group.

Statistical Analysis
The primary analysis population enrolled patients with con-
firmed COVID-19 randomized to either treatment strategy and
analyzed the patients according to the randomly assigned treat-
ment, irrespective of the actual treatment patients received.
The overall analysis used a bayesian modeling approach as de-
scribed in the statistical analysis plan (Supplement 2) and in
the trial protocol (Supplement 1). Monthly adaptive analyses
of the data were performed by an independent statistical analy-
sis committee using a hierarchical model to borrow informa-
tion between the critically ill patients and the non–critically
ill patients.

Randomization continued until a statistical threshold for
superiority (defined as >99% posterior probability of a pro-
portional OR >1, which implies improved outcomes on organ
support–free days) or futility (>95% posterior probability of a
proportional OR <1.2) was met for each group. An OR less than
1 implies worse outcomes on organ support–free days and in-
feriority of the new treatment compared with usual care. An
OR less than 1.20 was deemed an appropriate clinical thresh-
old for a small clinical effect and for determination of futility
by consensus among study leadership, investigators, and
funders (eMethods 2 in Supplement 3) and is consistent with
prior analyses using this outcome.4,16

The primary analysis used a bayesian cumulative logistic
regression model (described in the statistical analysis plan in
Supplement 2) that calculated the posterior probability dis-
tribution of organ support–free days with a proportional OR
for a therapeutic dose of heparin plus a P2Y12 inhibitor com-
pared with a therapeutic dose of heparin only (usual care). The
assumption of a proportional effect between treatment with
a P2Y12 inhibitor and usual care on the ordinal outcome was
not strictly tested in the bayesian analysis because the model
is clinically robust to slight variations and the effect on organ
support–free days and mortality was consistent.

The results are reported for non–critically ill patients, but
a hierarchical model was included that borrowed data from
critically ill patients. Specifically, the mean treatment effect
in each group was assumed to follow a hierarchical normal
distribution with the same mean, which created a dynamic
amount of borrowing depending on the similarity across

groups. When consistent effects were observed for the
groups, the posterior distribution for each intervention group
effect was shrunk toward the overall estimate. The primary
model adjusted for age, sex, hospital site, respiratory support
at enrollment, history of cardiovascular disease, and time (in
2-week intervals).

The primary analysis model incorporated a weakly infor-
mative Dirichlet prior distribution for the outcome of organ
support–free days. The model was fit using a Markov chain
Monte Carlo algorithm in R version 3.5.2 (R Foundation for
Statistical Computing) with 500 000 samples from the joint
posterior distribution, allowing calculation of the posterior
distributions for the proportional ORs, including medians
and 95% credible intervals (CrIs), and the posterior probabili-
ties of superiority and futility for a P2Y12 inhibitor compared
with usual care.

A post hoc sensitivity analysis was performed without use
of dynamic borrowing and after excluding patients who did not
receive a therapeutic dose of heparin. Similar bayesian analy-
ses were carried out for the 2-level (death vs survival to hos-
pital discharge), 3-level (death, organ support without death,
and no organ support without death), and 4-level (death, in-
vasive mechanical ventilation without death, organ support
without invasive mechanical ventilation and without death,
and no organ support without death) derivatives of the pri-
mary outcome with a cumulative logistic model and a flat
Dirichlet prior.

Assessment of the primary outcome, including the in-
terim adaptive analyses, used a bayesian framework. We used
a bayesian analysis for the primary outcome and its indi-
vidual components. Because the trial was stopped for futility
and the bayesian analysis is more onerous, we also used fre-
quentist logistic and cumulative logistic models for the out-
come of organ support–free days and its components. As noted
in eTable 2 in Supplement 3, the results obtained from the
bayesian and frequentist models were consistent. Thus, we de-
cided to use the frequentist approach for the secondary out-
comes and the subgroup analyses to speed up the dissemina-
tion process.

Logistic and cumulative logistic models were used for bi-
nary and ordinal outcomes in the secondary and subgroup
analyses. Odds ratios and 95% CIs were estimated through a
random-effects logistic regression model that accounted for
the same covariates in the primary analysis model. For time
remaining alive and time remaining alive and free of organ sup-
port (the latter as a post hoc analysis), hazard ratios and 95%
CIs were estimated through a frailty proportional hazards
model that accounted for the same covariates in the primary
analysis model.

Testing was performed for the proportional hazards as-
sumption using 2 approaches: (1) comparison of survival curves
and log[-log] curves by treatment and (2) including param-
eters for covariate × log(time) interaction. Both approaches
supported the proportional hazards assumption. There were
no missing data for the outcomes. Only the covariate for base-
line oxygen had missing values when the missing values were
treated as a separate class. For the subgroup analyses, we in-
cluded a treatment × group interaction in the model and set
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Table 1. Baseline Characteristics of the Patients

Characteristic

Therapeutic dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic dose of heparin only
(usual care)
(n = 269)

Age, mean (SD), y 53.1 (14.1) 52.3 (12.9)

Sex, No. (%)

Female 124 (42.3) 109 (40.5)

Male 169 (57.7) 160 (59.5)

Race, No. (%)a (n = 269) (n = 246)

American Indian or Alaska Native 10 (3.7) 8 (3.3)

Asian 7 (2.6) 9 (3.7)

Black 68 (25.3) 67 (27.2)

Multiple races 3 (1.1) 0

Native Hawaiian or Pacific Islander 2 (0.7) 2 (0.8)

White 167 (62.1) 152 (61.8)

Other 12 (4.5) 8 (3.3)

Hispanic, No./total (%)b 69/214 (32.2) 48/193 (24.9)

Hospital site location, No. (%)

Brazil 67 (22.9) 70 (26.0)

Italy 1 (0.3) 1 (0.4)

Spain 44 (15.0) 41 (15.2)

US 181 (61.8) 157 (58.4)

Enrichment criteriac

D-dimer level ≥2-fold the ULN, No./total (%) 105/262 (40.1) 100/234 (42.7)

Age, No. (%)

≥60 y 96 (32.8) 73 (27.1)

<60 y with an oxygen level >2 L/min or ≥1 comorbidityd 178 (60.8) 180 (66.9)

Body mass indexe (n = 283) (n = 265)

Median (IQR) 31.4 (27.1-36.8) 31.6 (27.5-37.9)

>30, No. (%) 164 (58.0) 152 (57.4)

Cardiovascular disease, No. (%)f 128 (43.7) 150 (55.8)

Hypertension 125 (42.7) 147 (54.9)g

Heart failure 12 (4.1) 11 (4.1)g

Coronary artery disease 15 (5.1) 17 (6.3)g

Peripheral arterial disease 1 (0.3) 2 (0.7)

Cerebrovascular disease 1 (0.3) 3 (1.1)g

Other diseases and chronic conditions, No. (%)

Diabetes 72 (24.6) 73 (27.1)

Chronic kidney disease 11 (3.8) 11 (4.1)

Liver disease 4 (1.4) 8 (3.0)

Respiratory disease 56 (19.1) 37 (13.8)

Asthma 39 (13.3) 24 (8.9)

COPD 17 (5.8) 13 (4.8)

Baseline treatment, No. (%)

Glucocorticoids 192 (65.5) 168 (62.5)

Remdesivir 164 (56.0) 128 (47.6)

Aspirin 44 (15.0) 36 (13.4)

Anticoagulant therapy 31 (10.6) 39 (14.5)

IL-6 inhibitors 8 (2.7) 8 (3.0)

Respiratory support, No. (%)h (n = 262) (n = 238)

None 32 (12.2) 26 (10.9)

Low-flow nasal cannula, L/min

0-2 80 (30.5) 77 (32.4)

2-4 91 (34.7) 95 (39.9)

>4 57 (21.8) 39 (16.4)

High-flow nasal cannula (20-40 L/min) 2 (0.8) 1 (0.4)

(continued)
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up contrasts to compare use of a P2Y12 inhibitor with usual care
within each subgroup.

All frequentist analyses were run in SAS version 9.4 (SAS
Institute Inc) with 2-sided tests at the significance level of .05.
Because of the potential for type I error due to multiple com-
parisons, the findings for the secondary and subgroup analy-
ses should be interpreted as exploratory.

Results
Enrollment
The first patient was randomized on February 26, 2021. En-
rollment was discontinued for non–critically ill patients on June
19, 2021, after a planned adaptive analysis demonstrated that
the statistical criterion for futility was met (eTable 3 in Supple-
ment 3). At that time, 562 non–critically ill patients were re-
cruited from 60 hospital sites (4 sites in Brazil, 2 sites in Italy,
6 sites in Spain, and 48 sites in the US) and randomized. The
primary analysis population consisted of these 562 patients
(Figure 1). The date of final 90-day follow-up was September
15, 2021. Randomization in the ACTIV-4a trial continues for
critically ill patients with COVID-19.

Patients
The mean age of the patients was 52.7 years (SD, 13.5 years),
41.5% were women, 38.1% were a race other than White, and
46.0% reported Hispanic ethnicity (Table 1). At randomiza-
tion, 88.4% had been receiving supplemental oxygen (57.0%
of whom received >2 L per minute). Concomitant baseline
therapies included corticosteroids (64.1%), remdesivir (52.0%),
and IL-6 receptor antagonists (2.8%). The 2 randomized groups
were well balanced across most characteristics. However, a
lower percentage of patients in the P2Y12 inhibitor group than
in the usual care group had a history of hypertension. The use

of aspirin at baseline was comparable between groups (15.0%
in the P2Y12 inhibitor group vs 13.4% in the usual care group).
Eighty-seven percent of patients in the P2Y12 inhibitor group
and 88% of patients in the usual care group initially received
a therapeutic dose of heparin by the end of study day 1.

Initial adherence to the protocol-assigned P2Y12 inhibi-
tor was observed in 285 of 293 patients (98.3%) receiving at
least 1 dose of either ticagrelor (63%) or clopidogrel (37%) by
the end of study day 1 (eTable 2 in Supplement 3). Of patients
receiving clopidogrel, 89.5% received a loading dose in accor-
dance with the trial protocol recommendations. The median
duration of study drug treatment was 6 days (IQR, 4-8 days).
The median percentage of index hospital days during which
patients received a study drug after randomization was 100%
(IQR, 86%-100%). In the usual care group, no patient re-
ceived a P2Y12 inhibitor.

Primary Outcome and Individual Components
Among the 562 patients, the median number of organ support–
free days was 21 days (IQR, 20-21 days) in the P2Y12 inhibitor
group and 21 days (IQR, 21-21 days) in the usual care group. The
adjusted OR for the effect of a P2Y12 inhibitor on organ support–
free days was 0.83 (95% CrI, 0.55-1.25; yielding a posterior prob-
ability of futility of 96% and a posterior probability of inferi-
ority of 81%; Figure 2 and Table 2). Compared with usual care,
the posterior probability that P2Y12 inhibitors increased sur-
vival to hospital discharge was 23% (estimated OR, 0.75 [95%
CrI, 0.33-1.56]). There was an 89% probability of futility that
use of a P2Y12 inhibitor led to a higher probability of survival
to hospital discharge. The frequentist cumulative logistic model
showed similar results to the bayesian analysis (eTable 4 in
Supplement 3).

Overall, 75 patients (26%) in the P2Y12 inhibitor group
and 58 patients (22%) in the usual care group died or required
respiratory or cardiovascular organ support during the first

Table 1. Baseline Characteristics of the Patients (continued)

Characteristic

Therapeutic dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic dose of heparin only
(usual care)
(n = 269)

Laboratory values, median (IQR)i

D-dimer, μg/mL (n = 262); 1.017 (0.598-1.780) (n = 234); 1.060 (0.640-2.080)

C-reactive protein, mg/L (n = 237); 93.8 (50.4-153) (n = 224); 93.0 (57.5-139)

Creatinine, mg/dL (n = 288); 0.84 (0.71-1.00) (n = 265); 0.85 (0.71-1.07)

Hemoglobin, g/dL (n = 292); 13.6 (12.6-14.6) (n = 268); 13.7 (12.6-14.9)

White blood cell count, ×109/L (n = 269); 0.86 (0.62-1.20) (n = 247); 0.91 (0.67-1.30)

Platelet count, ×103/μL (n = 291); 211 (163-274) (n = 268); 217 (170-281)

Abbreviations: COPD, chronic obstructive pulmonary disease; ULN, upper limit
of normal.

SI conversion factors: To convert creatinine to μmol/L, multiply by 88.4;
D-dimer to nmol/L, multiply by 5.476.
a Self-reported from either the patients or their surrogates via fixed categories

appropriate to their country and region.
b Excludes patients in Brazil.
c Criteria chosen to enrich for events in non–critically ill patients.
d Comorbidities included oxygen level greater than 2 L/min, diabetes,

hypertension, chronic kidney disease, cardiovascular disease, or body mass
index of 35 or greater.

e Calculated as weight in kilograms divided by height in meters squared.
f Data were systematically collected using predefined questions.
g The denominator is 268.
h Home oxygen therapy used to support patients with asthma, chronic

obstructive pulmonary disease, bronchiectasis, interstitial lung disease, lung
cancer, pulmonary hypertension, and tuberculosis.

i The normal ranges differed by hospital site because each site was allowed to
determine the ranges for the assays.
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28 days (adjusted hazard ratio, 1.19 [95% CI, 0.84-1.68], P = .34;
Figure 3).

The primary safety outcome of major bleeding occurred
in 6 patients (2.0%) in the P2Y12 inhibitor group and in 2 pa-
tients (0.7%) in the usual care group (adjusted OR, 3.31 [95%
CI, 0.64-17.2], P = .15; eTable 5 in Supplement 3).

Sensitivity and Subgroup Analyses
After excluding 69 patients who did not receive a therapeutic
dose of anticoagulant therapy, the estimated OR for the effect
of a P2Y12 inhibitor on organ support–free days was 0.72 (95%
CrI, 0.46-1.14; yielding a posterior probability of futility of 98%;
eTable 6 in Supplement 3). In prespecified subgroup analy-
ses, the treatment effect did not vary significantly by age, sex,

race, amount of oxygen support at enrollment, or hospital site
preference for ticagrelor or clopidogrel (eTable 7 in Supple-
ment 3). The P value was .04 for the region × treatment effect
interaction.

Secondary Outcomes
Thrombotic and major bleeding results appear in Table 3. The
key secondary outcome of major thrombotic events or in-
hospital death was not significantly different between ran-
domized groups and occurred in 18 patients (6.1%) in the P2Y12
inhibitor group and in 12 patients (4.5%) in the usual care group
(adjusted OR, 1.42 [95% CI, 0.64-3.13]; Table 3 and eTable 8 in
Supplement 3). The analysis incorporating deep venous throm-
bosis had similar results.

Figure 2. Effect of Randomization to a P2Y12 Inhibitor on the Number of Days Not Requiring Respiratory or Cardiovascular Organ Support

Organ support–free days up to 21 d

Death 2120191817161514131211109876543210

0 0.90.80.60.5 1.00.40.3

Proportion of patients
0.20.1

Therapeutic dose of heparin plus
P2Y12 inhibitor (n = 293)

Therapeutic dose of heparin
only (usual care) (n = 269)

0.7

The number of days not requiring respiratory or cardiovascular organ support
(eg, oxygen via high-flow nasal cannula �20 L per minute, noninvasive or
invasive mechanical ventilation, vasopressors, inotropes, or extracorporeal
membrane oxygenation) as horizontally stacked proportions of patients in the 2
treatment groups, with the following possible outcomes: in-hospital death with
or without organ support (dark red, the worst possible outcome, corresponding

to a score of −1 on the ordinal scale); survival with organ support (red-to-blue
gradient shading based on the number of days alive without organ support,
corresponding to a score of 0-21 on the ordinal scale); and survival until hospital
discharge without organ support (dark blue, the best possible outcome,
corresponding to a score of 21 on the ordinal scale).

Table 2. Primary Outcome of 21-Day Organ Support–Free Days and Individual Components

Therapeutic
dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic
dose of heparin only
(usual care)
(n = 269)

Absolute
difference
(95% CI)

Adjusted OR
(95% CrI)a

Probability
of futility, %

Probability
of superiority, %

Probability
of inferiority, %

Composite primary outcomeb

Organ support–free days,
median (IQR)

21 (20-21) 21 (21-21) 0.83
(0.55 to 1.25)c

96.2 18.6 81.4

Components of the primary outcome

Alive and free of organ support 218 (74.4) 211 (78.4)
0.78
(0.51 to 1.17)d 98.2 11.1 89.9Alive with organ support 57 (19.5) 47 (17.5)

Death 18 (6.1) 11 (4.1)

Survival to hospital discharge 275 (93.9) 258 (95.9) −2 (−6 to 2) 0.75
(0.33 to 1.56)

89.3 22.7 77.3

Abbreviations: CrI, credible interval; OR, odds ratio.
a Adjusted for age, sex, enrollment epoch, cardiovascular disease (composite of

hypertension, heart failure, coronary artery disease, peripheral artery disease,
cerebrovascular disease), baseline respiratory support, and hospital site
(modeled within parent country). An OR greater than 1 indicates a benefit
from treatment.

b Evaluated on an ordinal scale consisting of survival to hospital discharge and
days free of organ support to day 21. Probabilities of benefit (proportional
OR >1), inferiority (proportional OR <1), and futility (proportional OR <1.2) were
computed from the posterior distribution of the proportional OR for a P2Y12
inhibitor compared with usual care. The model incorporated dynamic

borrowing from 200 critically ill patients. The mean treatment effect in
each group was assumed to follow a hierarchical normal distribution with the
same mean, which created a dynamic amount of borrowing, depending on
the similarity across groups. When consistent effects were observed for the
groups, the posterior distribution for each intervention group effect was
shrunk toward the overall estimate.

c Effect of a P2Y12 inhibitor on organ support–free days without dynamic
borrowing from critically ill patients yielded an adjusted OR of 0.79 with a 95%
CrI of 0.52 to 1.19 and a posterior probability of futility of 97.7%.

d Examines the primary outcome as a 3-category ordinal outcome.
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Discussion

In this open-label, international, multicenter, randomized,
clinical trial of non–critically ill patients hospitalized for
confirmed COVID-19, use of a P2Y12 inhibitor combined
with a therapeutic dose of heparin did not increase the odds
of improvement in organ support–free days over 21 days
during hospitalization. Major bleeding complications were
infrequent and not significantly different between treat-
ment groups.

The results of this trial refute the hypothesis that a strat-
egy of a P2Y12 inhibitor, when added to a therapeutic dose of
heparin, would benefit non–critically ill patients hospitalized
for COVID-19. This hypothesis was based, in part, on studies

that reported an association between increased platelet activ-
ity and severity of disease. The Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial found that the use of
another platelet antagonist, aspirin, was not significantly
associated with improved survival or reduced risk of progres-
sion to invasive mechanical ventilation or death.17 Use of
both a P2Y12 inhibitor (clopidogrel or ticagrelor) and
cyclooxygenase 1 (target of aspirin) are important in the
pathogenesis of cardiovascular disease. It remains uncertain
whether other platelet-mediated thromboinflammatory
pathways may be better therapeutic targets in patients with
COVID-19.18 For example, P-selectin is released from acti-
vated platelets and mediates platelet interactions with leuko-
cytes and endothelial cells. Preliminary data suggest a patho-
genic role for P-selectin in the treatment of COVID-19.19,20

Figure 3. Effect of Randomization to a P2Y12 Inhibitor on the Time to the Event for the Composite Outcome
of Organ Support or Death in Non–Critically Ill Patients With COVID-19
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Kaplan-Meier curve for the time to
event of respiratory or cardiovascular
organ support or death. All patients
were followed up until death or 28
days. The time to organ support or
death in patients assigned to a P2Y12
inhibitor vs usual care was not
significantly different (26% vs 22%,
respectively; adjusted hazard ratio,
1.19 [95% CI, 0.84-1.68], P = .34). The
time to the event was compared post
hoc using Cox regression.

Table 3. Secondary Outcomes at 28 Days and Individual Components

Outcome

No. (%)

Absolute
difference,
% (95% CI)

Odds ratio (95% CI)a

Therapeutic
dose of heparin
plus P2Y12 inhibitor
(n = 293)

Therapeutic
dose of heparin only
(usual care)
(n = 269) Unadjusted Adjustedb

Secondary outcomes

Major thrombotic eventc or in-hospital death 18 (6.1) 12 (4.5) 1.6 (−2.1 to 5.3) 1.40 (0.66 to 2.97) 1.42 (0.64 to 3.13)

Any thrombotic eventd or in-hospital death 20 (6.8) 12 (4.5) 2.3 (−1.5 to 6.1) 1.57 (0.75 to 3.28) 1.60 (0.73 to 3.50)

Major bleeding evente or in-hospital death 18 (6.1) 10 (3.7) 2.4 (−1.1 to 5.9) 1.69 (0.77 to 3.75) 1.80 (0.79 to 4.10)

Components of the secondary outcomes

In-hospital death 13 (4.4) 8 (3.0)

Major thrombotic eventc 7 (2.4) 5 (1.9)

Any thrombotic eventd 9 (3.1) 5 (1.9)

Major bleeding evente 6 (2.0) 2 (0.7) 1.3 (−0.6 to 3.2) 2.65 (0.53 to 13.4) 3.31 (0.64 to 17.2)
a An odds ratio less than 1 corresponded with a treatment benefit

(eg, treatment was associated with fewer adverse events).
b Adjusted for age, sex, enrollment epoch, cardiovascular disease (composite of

hypertension, heart failure, coronary artery disease, peripheral artery disease,
cerebrovascular disease), and baseline respiratory support. Study country and
hospital site were treated as nested random effects.

c Includes pulmonary embolism, myocardial infarction, ischemic stroke, and
other arterial or venous thromboembolism events.

d Includes major thrombotic events and deep vein thrombosis.
e Defined by the International Society on Thrombosis and Hemostasis as fatal

bleeding, symptomatic bleeding in a critical area or organ (such as intracranial,
intraspinal, intraocular, retroperitoneal, intra-articular or pericardial, or
intramuscular with compartment syndrome), bleeding causing a decrease in
hemoglobin level of 2 g/dL or greater, or bleeding leading to transfusion of
2 units or greater of whole blood or red cells.

Research Original Investigation Effect of P2Y12 Inhibitors on Survival Free of Organ Support Among Hospitalized Patients With COVID-19

234 JAMA January 18, 2022 Volume 327, Number 3 (Reprinted) jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Duke Medical Center Library by Lana Bahour on 01/18/2022

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.23605


The results of a previously reported multiplatform ran-
domized clinical trial demonstrated that a therapeutic dose of
heparin reduced the need for organ support and improved sur-
vival when given early during hospitalization to non–critically
ill patients with COVID-19.4 The lack of an observed clinical
benefit with the antiplatelet intervention in non–critically
ill patients with COVID-19 may have been found because
the addition of a P2Y12 inhibitor confers no additional ben-
efit beyond that provided by a therapeutic dose of heparin.
Even though bleeding risk is generally increased when com-
bining antiplatelet and anticoagulant therapies,21,22 the
absolute excess major bleeding risk observed in the current
trial was low.

Whether combination therapy with a therapeutic dose of
an anticoagulant and an antiplatelet had any effect on alveo-
lar or other intraorgan hemorrhage is unknown. It remains pos-
sible that use of a P2Y12 inhibitor as a sole antithrombotic agent
may improve outcomes in patients with COVID-19, given that
this trial tested only the combination of a P2Y12 inhibitor with
anticoagulant therapy, which was most frequently a therapeu-
tic dose of heparin. In addition, the potential for benefit with
a longer treatment duration or at an earlier stage of illness (be-
fore hospitalization) cannot be ruled out. The ACTIV-4a ran-
domized clinical trial continues to evaluate P2Y12 inhibitors
in critically ill patients with COVID-19, a population in whom
higher-dose anticoagulant therapy was not found to be supe-
rior to a prophylactic dose of anticoagulant therapy16 and is
therefore not routinely recommended.

Limitations
This study has several limitations. First, this trial has an open-
label design, which may have introduced bias in the ascertain-

ment of thrombotic and bleeding events. However, the pri-
mary outcome of organ support–free days and death is linked
to the medical record and was chosen to reduce bias. In addi-
tion, a consistency of effect was seen for efficacy outcomes re-
lated to thrombosis.

Second, many patients in the P2Y12 inhibitor group re-
ceived clopidogrel. It is possible that the effect of P2Y12
inhibitors on non–critically ill patients with COVID-19 varies
according to the type of P2Y12 inhibitor used. However, there
was no evidence of a meaningful difference in the treatment
effect according to hospital site proclivity for use of clopido-
grel or ticagrelor (eTable 8 in Supplement 3). Although the use
of P2Y12 inhibitors appears more harmful in the patients en-
rolled in the US (P = .04 for interaction), this is likely a spuri-
ous finding due to multiple subgroup comparisons.

Third, the median duration of administration of a P2Y12
inhibitor was 6 days. It is possible that initiating therapy
earlier in the disease course (eg, prior to hospitalization)
or a longer treatment duration may have detected a treat-
ment benefit.

Fourth, the reported rates of major bleeding were low but
these types of rates can be subject to reporting bias. The rates
of minor but clinically significant bleeding were not recorded.

Conclusions
Among non–critically ill patients hospitalized for COVID-19, the
use of a P2Y12 inhibitor in addition to a therapeutic dose of hep-
arin, compared with a therapeutic dose of heparin only, did not
result in an increased odds of improvement in organ support–
free days within 21 days during hospitalization.
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