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Abstract
BACKGROUND Vitamin K antagonists are the only oral anticoagulants approved to pre-

vent valve thrombosis and valve-related thromboembolism in patients with mechanical

heart valves. Whether patients with an On-X mechanical aortic valve can be safely antic-

oagulated with apixaban is unknown.

METHODS Patients with an On-X aortic valve implanted at least 3 months before enroll-

ment were randomly assigned to receive apixaban 5mg twice daily or warfarin (target

international normalized ratio 2.0 to 3.0). The primary efficacy end point was the com-

posite of valve thrombosis or valve-related thromboembolism with coprimary analyses

comparing apixaban with warfarin for noninferiority and comparing the apixaban event

rate with an objective performance criterion (OPC).

RESULTS The trial was stopped after 863 participants were enrolled owing to an excess

of thromboembolic events in the apixaban group. Most (94%) participants took aspirin.

A total of 26 primary end-point events occurred, 20 (in 16 participants) in the apixaban

group (4.2%/patient-year; 95% confidence interval [CI], 2.3 to 6.0) and 6 (in 6 partici-

pants) in the warfarin group (1.3%/patient-year; 95% CI, 0.3 to 2.3). The difference in

primary end-point rates between the apixaban and warfarin groups was 2.9 (95% CI, 0.8

to 5.0); noninferiority and OPC success criteria were not met. Major bleeding rates were

3.6%/patient-year with apixaban and 4.5%/patient-year with warfarin.

CONCLUSIONS Apixaban did not demonstrate noninferiority to warfarin and is less

effective than warfarin for the prevention of valve thrombosis or thromboembolism in

patients with an On-X mechanical aortic valve. (Funded by Artivion; ClinicalTrials.gov

number, NCT04142658.)
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Introduction

P atients with mechanical heart valves require life-
long anticoagulation with vitamin K antagonists
to prevent valve thrombosis and valve-related

thromboembolism.1,2 Warfarin has a narrow therapeutic
window and numerous food and drug interactions, thus
requiring frequent blood monitoring.3 These limitations
influence patients’ preferences and physicians’ decisions
to use mechanical versus bioprosthetic valves, including
those that can be implanted nonsurgically.2,4,5 Direct oral
anticoagulants are efficacious alternatives to warfarin to pre-
vent thromboembolic events and may be safer than warfarin
with lower rates of intracranial bleeding in patients with
atrial fibrillation and venous thromboembolism.6-10 How-
ever, the direct thrombin inhibitor dabigatran failed to pre-
vent thromboembolic events in patients with mechanical
valves and the use of direct oral anticoagulants in patients
with mechanical valves is currently contraindicated.2,11,12

Material and design characteristics of the On-X mechani-
cal valve may make it less susceptible to thrombosis than
other mechanical heart valves.13-15 On the basis of the
results of PROACT (Prospective Randomized On-X Antic-
oagulation Clinical Trial), the On-X aortic valve can be
used with a lower intensity of anticoagulation with warfa-
rin, as measured by the international normalized ratio
(INR), than other mechanical heart valves.16,17 Preclinical
data suggest apixaban may be an effective alternative to
warfarin for thromboembolism prophylaxis in patients
with mechanical heart valves.18 The objective of the
PROACT Xa trial was to determine whether apixaban was
noninferior to warfarin in preventing valve thrombosis or
valve-related thromboembolism in patients with an On-X
mechanical aortic valve and also whether apixaban pro-
vided acceptable anticoagulation on the basis of criteria
established by the U.S. Food and Drug Administration
(FDA) (see below).

Methods

STUDY DESIGN AND OVERSIGHT

PROACT Xa was a prospective, randomized, open-label
trial with blinded end-point adjudication. The study was
designed by the steering committee and the sponsor (Arti-
vion, formerly CryoLife, Kennesaw, GA) with input from
the FDA.14 The trial protocol was approved by institutional

review boards at participating sites and all participants
provided written informed consent. Data were collected
by sites and reported to the Duke Clinical Research Insti-
tute (Durham, NC) where the data were analyzed. The first
and senior authors wrote the paper and vouch for the data
and analysis; all authors decided to publish the paper. Duke
University has a contract with the study sponsor that allows
Duke University to use the trial data for academic purposes.
An independent data safety monitoring board monitored
unblinded data from the trial at least every 6 months and
received monthly counts of the primary end point; addi-
tional unscheduled data reviews and ad hoc analyses were
conducted at the discretion of the data safety monitoring
board. There were no predefined stopping rules.

STUDY POPULATION

Participants were enrolled at 64 sites in the United States
and were eligible for inclusion if they were at least 18 years
of age, underwent implantation of an On-X mechanical
aortic valve at least 3 months before they were randomly
assigned, and were able to receive warfarin at a targeted
INR range between 2.0 and 3.0. In addition, participants
were required to take aspirin 81mg daily or have a docu-
mented contraindication to aspirin use.19 The complete eli-
gibility criteria are available in the protocol provided with
the full text of this article. Eligible patients were treated
with warfarin from the time of surgery to randomization.

RANDOMIZATION AND STUDY INTERVENTIONS

Participants were randomly assigned in a 1:1 ratio to
receive apixaban 5mg twice daily or warfarin with a target
INR of 2.0 to 3.0. Randomization was stratified on the
basis of whether the On-X valve was implanted greater or
less than 1 year before randomization. If a participant ran-
domly assigned to receive apixaban met at least two of
the three dose reduction criteria (age �80 years, weight
�60kg, creatinine �1.5mg/dl) at any time during the trial,
the apixaban dose was reduced to 2.5mg twice daily. Parti-
cipants randomly assigned to receive warfarin were required
to undergo at least monthly INR monitoring with a target
range of 2.0 to 3.0. Follow-up occurred monthly in both
groups to assess adverse events and medication changes.
At study termination, all participants were instructed to
transition off the study drug and resume warfarin.

STUDY END POINTS

The primary efficacy end point was the composite of valve
thrombosis or valve-related thromboembolism. Valve throm-
bosis was defined as any thrombus, not caused by infection,
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attached to or near an implanted On-X valve that occluded
part of the blood-flow path, interfered with valve function,
or was sufficiently large to warrant treatment other than
continued oral anticoagulation. Valve thrombus found at
autopsy in a participant whose cause of death was not valve-
related or found at operation for an unrelated indication
was considered valve thrombosis.20 Valve-related thrombo-
embolism was defined as any thromboembolic stroke, tran-
sient ischemic attack, myocardial infarction, or arterial
thromboembolism to an organ or limb that was not associ-
ated with infection or an intracardiac tumor and was defi-
nitely or possibly related to the valve. All suspected valve
thrombosis and thromboembolism events were adjudicated
by the clinical events committee. Whether thromboembo-
lism was related to the valve was adjudicated on the basis of
review of clinical, surgical, and autopsy data blinded to
treatment assignment. Thromboembolic events that were
clearly unrelated to the valve were not included in the pri-
mary end point.

The primary safety end point was major bleeding defined
as any episode of internal or external bleeding that caused
death, hospitalization, or permanent injury or necessitated
transfusion, pericardiocentesis, or reoperation. These events
were also independently adjudicated by the clinical events
committee. Prespecified secondary end points included com-
ponents of the primary efficacy end point (valve thrombosis
or valve-related thromboembolism) as well as bleeding
assessed using the Bleeding Academic Research Consor-
tium21 and International Society on Thrombosis and Hemo-
stasis22 scales. Detailed end-point definitions are provided
in the Supplementary Appendix.

SAMPLE SIZE

The event rate of the primary efficacy end point was pro-
jected to be 1.75%/patient-year with warfarin on the basis
of available experience with the On-X aortic valve.17,23-26

With an assumed similar event rate of 1.75%/patient-year
in both warfarin and apixaban groups, an absolute nonin-
feriority margin of 1.75%/patient-year (equivalent to a
doubling of the event rate), a one-sided alpha of 2.5%,
90% power, and 5% possible lost to follow-up rate, the
estimated sample size was 990.14

STATISTICAL ANALYSIS

PROACT Xa was designed with coprimary analyses: to
determine whether apixaban is noninferior to warfarin for
the primary end point of valve thrombosis or valve-related
thromboembolism and to determine whether apixaban

provides acceptable anticoagulation for the primary end
point compared with an objective performance criterion
(OPC).23 Initially issued by the FDA in 1994 on the basis
of extracted data using FDA-approved devices that were
implanted in adherence to heart valve guidelines, OPC
defined average expected complication rates that would
be acceptable when new valve prostheses were considered
for approval.27 The updated OPC for mechanical valves in
the aortic position described a linearized event rate of 1.6%/
patient-year for thromboembolism and 0.1%/patient-year
for valve thrombosis.23

All randomly assigned participants were included in both
coprimary efficacy analyses. Linearized event rates for
each group were calculated as the total number of adjudi-
cated valve thrombosis or valve-related thromboembolic
events divided by the total patient time and presented as
percentage per patient-year with 95% confidence intervals
(CI). The linearized event rate assumes that the occur-
rence of events follows a Poisson distribution and Wald’s
normal approximation was used to estimate the difference
between the two rates and its associated 95% CI.28 For
the first coprimary analysis, noninferiority would be con-
cluded if the upper bound of the 95% CI of the difference
(apixaban minus warfarin event rates) was less than
1.75%/patient-year. For the second coprimary analysis,
the comparison against the OPC would be passed if the
apixaban group achieved at least 800 patient-years of
follow-up and the event rate was less than 2 times the
OPC (3.4%/patient-year because the OPC was 1.6%/
patient-year for thromboembolism and 0.1%/patient-year
for valve thrombosis). Cumulative incidence curves were
used to describe rates of the primary end point in the apix-
aban and warfarin groups. A Cox proportional-hazards
regression model described the risk of the primary end
point for apixaban compared with warfarin.

The primary safety end point of major bleeding was evalu-
ated as the total number of adjudicated major bleeding
events divided by total patient-years and rates for both
groups were compared with 2 times the major bleeding
OPC for mechanical aortic valves (3.2%/patient-year be-
cause the OPC for major bleeding is 1.6%/patient-year).
A Cox proportional-hazards regression model described
the risk of the primary safety end point for apixaban com-
pared with warfarin.

Sensitivity analyses included repeated testing of the pri-
mary composite efficacy end point among as-treated and
on-treatment populations. In the as-treated analysis, all
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events were compared between groups among participants
who took at least one dose of the assigned study drug. In
the on-treatment analysis, all events occurring while on
study drug up to 7 days after its discontinuation were
attributed to the randomized treatment group, and any
event occurring more than 7 days after discontinuation of
the study drug were censored.

Prespecified subgroups for the primary efficacy end point
included age, race, sex, concomitant aortic root replace-
ment, time from surgery, valve size, baseline apixaban
dose, and high- versus low-risk patients. High-risk patients
included those having atrial fibrillation, left ventricular
ejection fraction less than 30%, left atrial dimension
greater than 50mm, significant vascular disease, or his-
tory of a neurological event within 1 year.17

All analyses were conducted using SAS version 9.4 (SAS
Institute Inc., Cary, NC) at the Duke Clinical Research
Institute (Durham, NC).

Results

STUDY POPULATION

Between May 2020 and September 2022, 863 participants
were randomly assigned (Fig. 1). On September 21, 2022,

the data safety monitoring board unanimously recom-
mended stopping the trial on the basis of a higher rate of
thromboembolic events in participants randomly assigned
to apixaban than in those assigned to warfarin. Enrollment
was stopped and all participants were transitioned back to
standard-of-care warfarin and followed for 30days after
stopping the study drug.

Among enrolled participants, the median age was 56 years,
24.0% were female, 47.9% had aortic valve replacement
within the year before randomization, and 17.3% had aor-
tic valve replacement with concomitant aortic root replace-
ment. One third of participants in both groups were
previously anticoagulated with warfarin with a target INR
range of 1.5 to 2.0. Baseline characteristics were balanced
between treatment groups (Table 1 and Table S1 in the
Supplementary Appendix).

STUDY DRUG AND ASPIRIN EXPOSURE

A total of 29 randomly assigned participants never started
a study drug (13 apixaban and 16 warfarin). Among partici-
pants assigned to apixaban, 23 permanently discontinued
the study drug and returned to the nonstudy drug warfarin
before study completion. Apixaban interruptions greater
than 3 days occurred in 70 (16.7%) participants; most
interruptions (71.7%) were attributed to surgery or a proce-
dure. Two participants met apixaban dose reduction crite-
ria at randomization.

433 Included in primary efficacy analysis
420 Included in primary safety analysis

4 Lost to follow-up
23 Discontinued intervention

15 Adverse event
1 Withdrawal of consent
7 Other

433 Allocated to apixaban
420 Received apixaban

13 Did not receive apixaban

13 Lost to follow-up
24 Discontinued intervention

3 Adverse event
6 Withdrawal of consent
5 Lost to follow-up*

10 Other

430 Allocated to warfarin
414 Received warfarin

16 Did not receive warfarin

430 Included in primary efficacy analysis
414 Included in primary safety analysis

Allocation

Analysis

Follow-Up

863 Randomized

Figure 1. Study Flow Diagram.
*Patients with “lost to follow-up” as the reason they discontinued intervention (n55) are included in the overall number lost to
follow-up (n513).
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Among participants assigned to warfarin, 25 permanently dis-
continued the study drug and returned to the nonstudy drug
warfarin before study completion. Study drug warfarin inter-
ruptions greater than 5days occurred in 35 (8.5%) partici-
pants; most interruptions (68.0%) were attributed to surgery
or a procedure. The median (25th, 75th) time in the therapeu-
tic range on the basis of INR was 72.7% (55.9%, 83.4%).

At randomization, 408 (94.2%) participants assigned to
apixaban and 404 (94.0%) assigned to warfarin were on
concomitant aspirin, 99% taking less than 100mg daily.
Of those assigned to apixaban, 84.5% remained on aspirin
throughout the study; similarly, of those assigned to war-
farin 84.0% remained on aspirin.

The apixaban and warfarin groups had 479.9 and 467.0
patient-years of follow-up, respectively, with a median

follow-up of 13.5 and 13.3 months, respectively. With-
drawal of consent occurred in 9 participants assigned to
apixaban and 16 assigned to warfarin; 4 participants
assigned to apixaban and 13 assigned to warfarin were lost
to follow-up (Fig. 1).

EFFICACY

There were 20 primary composite end-point events occur-
ring in 16 participants randomly assigned to apixaban
(4.2%/patient-year; 95% CI, 2.3 to 6.0) and 6 events
occurring in 6 participants randomly assigned to warfarin
(1.3%/patient-year; 95% CI, 0.3 to 2.3). The difference
between groups was 2.9 (95% CI, 0.8 to 5.0) percentage
points per patient-year, so the margin for noninferiority
was not met. Although there were less than 800 patient-
years of follow-up in the apixaban group and thus wider
CIs, the observed apixaban event rate of 4.2%/patient-year

Table 1. Baseline Demographics and Characteristics.

Demographics and Characteristics Apixaban (n5433) Warfarin (n5430)

Demographics

Age, yr — median (25th, 75th) 56 (47, 63) 55 (47, 63)

Female sex — no. (%) 102 (23.6%) 105 (24.4%)

Race — no. (%)

White 395 (91.2%) 390 (90.7%)

Black or African American 8 (1.8%) 14 (3.3%)

Asian 3 (0.7%) 5 (1.2%)

Other 10 (2.3%) 8 (1.9%)

Hispanic or Latinx ethnicity 29 (6.7%) 20 (4.7%)

Valve characteristics — no. (%)

Valve implantation within 1 year of randomization 208 (48.0%) 205 (47.7%)

AVR with concomitant aortic root replacement 64 (14.8%) 85 (19.8%)

Valve size �21mm 109 (25.2%) 103 (24.0%)

Reoperation of aortic valve 77 (17.8%) 59 (13.7%)

INR target range 1.5 to 2.0 prior randomization 145 (33.8%) 144 (33.5%)

Medical characteristics

Body-mass index — median (25th, 75th) 29.9 (26.3, 34.3) 30.1 (26.3, 35.0)

Prior coronary artery disease — no. (%) 106 (24.5%) 96 (22.3%)

Prior stroke/TIA — no. (%) 43 (9.9%) 39 (9.1%)

Prior prosthetic valve thrombosis — no. (%) 3 (0.7%) 1 (0.2%)

Prior aortic valve infectious endocarditis — no. (%) 26 (6.0%) 21 (4.9%)

Heart failure — no. (%) 115 (26.6%) 102 (23.7%)

Left ventricular ejection fraction ,40% — no. (%) 18 (4.3%) 13 (3.3%)

Atrial fibrillation — no. (%) 104 (24.0%) 101 (23.5%)

Diabetes mellitus — no. (%) 90 (20.8%) 74 (17.2%)

High risk* — no. (%) 208 (48.0%) 189 (44.0%)

INR level at randomization — median (25th, 75th) 2.1 (1.8, 2.5) 2.1 (1.8, 2.6)

* High risk was defined as having any of the following: atrial fibrillation, left ventricular ejection fraction less than 30%, left atrial dimension greater
than 50mm, significant vascular disease, and history of stroke/TIA within 1 year.17 The body-mass index is the weight in kilograms divided by the
square of the height in meters. AVR denotes aortic valve replacement; INR, international normalized ratio; and TIA, transient ischemic attack.
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was above 2 times the OPC for valve thrombosis or valve-
related thromboembolism (3.4%/patient-year).

Cumulative incidence curves for the apixaban and warfa-
rin groups are shown in Figure 2. Event rates for the pri-
mary end point and the individual components are shown
in Table 2. The hazard ratio for the risk of valve thrombo-
sis or valve-related thromboembolism for apixaban com-
pared with warfarin was 2.6 (95% CI, 1.0 to 6.7). Three
valve thromboses and 14 stroke events were observed, all
occurring in the apixaban group. In the warfarin group, five
thromboembolic transient ischemic attacks and one throm-
boembolic myocardial infarction were observed. Two parti-
cipants assigned to apixaban and one assigned to warfarin
died; the cause of death was adjudicated as valve-related
thromboembolism for all three deaths.

Rates of valve thrombosis and valve-related thromboem-
bolism in the as-treated and on-treatment populations
were consistent with those in the intention-to-treat pop-
ulation (Table S2). Of the 26 primary outcome events,

22 (84.6%) occurred on-treatment (16/20 with apixaban and
6/6 with warfarin). Event rates for the primary composite
end point in prespecified subgroups are shown in Figure 3.

SAFETY

Seventeen major bleeding events occurred in 11 partici-
pants in the apixaban group (3.6%/patient-year) and
21 events in 18 participants in the warfarin group (4.5%/
patient-year). Major bleeding event rates in both groups
exceeded twice the OPC for major bleeding (as noted
above the OPC is 1.6%/patient-years and twice this value
is 3.2%/patient-years). Cumulative incidence curves for
apixaban compared with warfarin for major bleeding are
shown in Figure S1. The hazard ratio for the risk of major
bleeding for apixaban compared with warfarin was 0.6
(95% CI, 0.3 to 1.3). Intracranial hemorrhage occurred in
one participant assigned to warfarin and three assigned to
apixaban; all three in the apixaban group were in partici-
pants who also experienced a stroke. Bleeding severity
classified according to several bleeding scales is shown in
Table S3.

433 395 341 277 225 181 123 76 32

430 394 338 268 223 176 124 76 29

Number at Risk
Apixaban

Warfarin
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Figure 2. Cumulative Incidence of Valve Thrombosis or Valve-Related Thromboembolism.
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Discussion
In patients with an On-X mechanical aortic valve im-
planted more than 3 months earlier, apixaban at a dose of
5mg twice daily did not demonstrate noninferiority to
warfarin for the prevention of valve thrombosis or throm-
boembolism. Apixaban resulted in more valve thrombosis
or valve-related thromboembolic events than warfarin,
leading to the early termination of the PROACT Xa trial.
Rates of major bleeding were not significantly different
between apixaban- and warfarin-treated patients.

The requirement for lifelong anticoagulation with warfarin
is a major limitation of mechanical prosthetic heart valves.29

Warfarin is an effective anticoagulant but has well-described
limitations that often lead patients to choose less-durable
valve treatment options.30 The availability of direct, selec-
tive thrombin and factor Xa inhibitors, initially developed
for patients with atrial fibrillation and venous thromboem-
bolism,31 has raised the question of whether these agents
might be treatment alternatives for patients with mechani-
cal heart valves.32 A previous study of dabigatran in patients
with either aortic or mitral mechanical heart valves was
stopped early because of higher rates of both thromboem-
bolic and bleeding events in patients assigned to dabiga-
tran compared with warfarin; many of the thromboembolic
events and all of the excess significant bleeding occurred
in the early postoperative period.11 In PROACT Xa, we
included patients with the On-X valve in the aortic position
only, enrolled patients at least 3 months after valve
surgery, and used a selective factor Xa inhibitor with
better bioavailability and a more favorable bleeding profile
than dabigatran.14 Even with these design modifications,

apixaban was not effective at preventing valve thrombosis
or valve-related thromboembolism.

We specifically studied patients with an On-X mechanical
valve in the aortic position. Mechanical aortic valves have
higher velocity of flow and are thus less prone to throm-
botic complications than mechanical mitral valves.4,33 The
On-X valve has a number of design features, including a
flared inlet on the orifice inflow area that reduces turbu-
lence and leaflet guards on the outflow rim that protect
the leaflets in the closed position, which were thought to
make it less prone to thrombosis than other mechanical
heart valves.15 A previous study in patients with On-X
valves in the aortic position suggested that, compared
with a target INR of 2.0 to 3.0, a lower target INR of 1.5 to
2.0 with warfarin results in similar rates of valve thrombo-
sis or thromboembolism and lower rates of bleeding.17

This lower target INR for the On-X valve has been incorpo-
rated into clinical practice guideline recommendations.2,33

An INR target range of 2.0 to 3.0 was used in the PROACT
Xa trial to ensure a control group with a well-accepted
standard of care for the prevention of valve thrombosis
and thromboembolism. Major bleeding rates were lower
for apixaban than for warfarin, but a statistically significant
difference was not demonstrated and both groups exceeded
the 2-times OPC threshold we had set as our safety target.
This may in part be attributed to the higher targeted INR
range used in this trial. Although there was reason to believe
that the On-X mechanical aortic valve would allow antith-
rombotic therapy other than warfarin, our trial did not pro-
vide evidence to support this hypothesis.

The PROACT Xa trial was successfully conducted during
the Covid-19 pandemic owing to a number of pragmatic

Table 2. Event Rate of Primary Efficacy Outcome.

Apixaban (479.9 pt-yr) (n5433) Warfarin (467.0 pt-yr) (n5430)

Outcome Event (n)
Rate (%/pt-yr)

(95% CI) Event (n)
Rate (%/pt-yr)

(95% CI)
Rate Difference (95% CI)
(Apixaban 2 Warfarin)

Primary efficacy outcome (valve thrombosis
or valve-related thromboembolism)

20 4.2 (2.3–6.0) 6 1.3 (0.3–2.3) 2.9 (0.8–5.0)

Valve thrombosis 3 0.6 (0–1.3) 0 0.0 NA

Valve-related thromboembolism* 17 3.5 (1.9–5.2) 6 1.3 (0.3–2.3) 2.3 (0.3–4.2)

Thromboembolic stroke 14 2.9 (1.4–4.5) 0 0.0 NA

Thromboembolic TIA 0 0.0 5 1.1 (0.1–2.0) NA

Thromboembolic myocardial infarction 0 0.0 1 0.2 (0–0.6) NA

Thromboembolic arterial thromboembolism 3 0.6 (0–1.3) 0 0.0 NA

* Three additional thromboembolic events (one stroke, one TIA, and one arterial thromboembolism) were adjudicated as unrelated to the valve.
All three were in the apixaban group. CI denotes confidence interval; n, number of outcome events; NA, not applicable; pt-yr, patient-years; and TIA,
transient ischemic attack.
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design features. Because the valve manufacturer routinely
collected implant data, clinical trial sites were selected on
the basis of implant volumes and ability to quickly identify
eligible patients with an On-X mechanical aortic valve.
Intentionally simplified study eligibility criteria permitted,
with local institutional review board oversight, remote trial
recruitment, and informed consent. Both apixaban and
warfarin study drugs were shipped directly to the partici-
pants’ homes from a central pharmacy. Because both apix-
aban and warfarin were commercially available and had
been extensively studied, following discussion with the
FDA we limited serious and nonserious adverse event
collection to the trial’s thromboembolic and bleeding
end points and cases of valve dysfunction. All follow-up
visits were conducted remotely with collection of clinical

documentation for patients with suspected potential
end-point events to allow centralized blinded event adju-
dication. Many of these same design features may be
applicable to future clinical trials.

PROACT Xa was designed with both a direct comparison
between apixaban and warfarin with an absolute noninfer-
iority margin of 1.75%/patient-year and a comparison
between apixaban and the mechanical valve OPC for
valve thrombosis or thromboembolism. The rate of valve
thrombosis or thromboembolism we observed in the trial
on warfarin was low and close to what was predicted on
the basis of previous experience with the On-X valve in
the aortic position.17,34 On the basis of accumulating interim
data, the rate of valve thrombosis or thromboembolism was

Apixaban – Warfarin (%/patient-year)
Event Rate Difference (95% CI)

Warfarin
(%/patient-year)Group

NA

2.88 (0.79, 4.98)

2.87 (0.70, 5.04)

3.24 (–3.25, 9.73)

3.36 (1.13, 5.59)

–2.67 (–7.90, 2.56)

1.68 (–2.69, 6.04)

3.24 (0.85, 5.64)

2.06 (–0.07, 4.20)

7.72 (0.38, 15.06)

2.73 (0.65, 4.81)

2.81 (–0.19, 5.81)

2.95 (0.05, 5.85)

3.70 (–1.64, 9.03)

2.54 (0.40, 4.69)

2.44 (–0.66, 5.53)

3.25 (0.38, 6.12)

6 (1.28)

4 (1.04)

2 (2.42)

5 (1.16)

1 (2.67)

2 (1.89)

4 (1.11)

5 (1.34)

1 (1.07)

6 (1.28)

NA (NA)

2 (1.01)

4 (1.48)

3 (2.66)

3 (0.85)

3 (1.51)

3 (1.12)

20 (4.17)

16 (3.91)

4 (5.66)

20 (4.52)

0 (0.00)

4 (3.56)

16 (4.35)

14 (3.40)

6 (8.79)

19 (4.01)

0 (0.00)

8 (3.83)

12 (4.43)

8 (6.36)

12 (3.39)

9 (3.95)

11 (4.37)

Primary efficacy end point

Age

�65 years
>65 years

Race

White

Non-White

Sex

Female

Male

AVR type

AVR alone

AVR with aortic root replacement

Baseline apixaban dose

5 mg twice a day

2.5 mg twice a day

Time from surgery

�1 year
>1 year

Valve size

�21 mm
>21 mm

Risk of primary event

High risk*

Low risk

Apixaban – Warfarin (%/patient-year)
Event Rate Difference (95% CI)

Apixaban
Number of events

–1 0 1 2 3 4

Warfarin BetterApixaban Better

Figure 3. Event Rates and Event Rate Differences (Apixaban 2 Warfarin) for the Primary Efficacy End
Point in Prespecified Subgroups.

The dashed line indicates noninferiority margin for the primary efficacy end point in the overall population (1.75%/patient-year).
*High-risk patients defined as having any of the following: atrial fibrillation, left ventricular ejection fraction less than 30%, left atrial
dimension greater than 50 mm, significant vascular disease, and history of stroke/transient ischemic attack within 1 year. AVR denotes
aortic valve replacement; CI, confidence interval; and NA, not applicable.
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higher with apixaban than with warfarin and there was no
plausible way that apixaban would have become statisti-
cally noninferior with the accumulation of more data on
the basis of either comparative analysis. This excess in
thromboembolic events with apixaban was not attributable
to participants with a recent valve implant, inappropriate
apixaban dosing, apixaban interruption, or any other factor
we could identify. Almost all participants were taking con-
comitant aspirin. Hence, inhibition of factor Xa seems
insufficient to prevent valve thrombosis or thromboembo-
lism in patients with an On-X mechanical aortic valve.
Additional studies are needed with new mechanical heart
valves and new anticoagulants to potentially identify alter-
natives to warfarin for patients requiring mechanical heart
valve replacement.

The study has some limitations. It was open-label, so
patients and providers knew whether they were taking
apixaban or warfarin. We addressed this by requiring iden-
tical follow-up in both groups, by using clinically overt end
points (clinical valve thrombosis and valve-related throm-
boembolism) that would be unlikely to be subject to
ascertainment bias, and by having all events centrally
adjudicated and blinded to study drug assignment. We
also mandated a target INR range of 2.0 to 3.0 for patients
assigned to warfarin. This may have discouraged some
patients from participating or from continuing in the study
if they were assigned to warfarin because they were previ-
ously anticoagulated to a target INR of 1.5 to 2.0 in accor-
dance with practice guidelines and the On-X valve’s
labeling. An on-treatment analysis, however, showed
results similar to the primary intention-to-treat analysis.
While the racial composition of On-X aortic valve recipi-
ents is unknown, 90% of participants in this study had
self-declared “White” race despite concerted efforts to
diversify enrollment.

In conclusion, in patients with an On-X mechanical aortic
valve, apixaban was not noninferior to warfarin and failed
to meet our safety threshold of twice the FDA-mandated
OPC for the prevention of valve thrombosis or valve-related
thromboembolism.
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