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ABSTRACT

Introduction Optimal antithrombotic strategy following
transcatheter aortic valve replacement (TAVR) is still
unknown. We hypothesised that the direct factor Xa
inhibitor edoxaban can potentially prevent subclinical
leaflet thrombosis and cerebral embolisation compared
with conventional dual antiplatelet therapy (DAPT) in
patients undergoing TAVR.

Methods and analysis The ADAPT-TAVR trial is an
international, multicentre, randomised, open-label,
superiority trial comparing edoxaban-based strategy and
DAPT strategy in patients without an indication for oral
anticoagulation who underwent successful TAVR. A total
of 220 patients are randomised (1:1 ratio), 1-7 days after
successful TAVR, to receive either edoxaban (60 mg daily
or 30 mg daily if patients had dose-reduction criteria)

or DAPT using aspirin (100 mg daily) plus clopidogrel
(75 mg daily) for 6 months. The primary endpoint was
an incidence of leaflet thrombosis on four-dimensional,
volume-rendered cardiac CT imaging at 6 months post-
TAVR. The key secondary endpoints were the number of
new lesions and new lesion volume on brain diffusion-
weighted MRI and the changes in neurological and
neurocognitive function assessment between immediate
post-TAVR and 6 months of study drug administration.
Detailed clinical information on thromboembolic and
bleeding events were also assessed.

Ethics and dissemination Ethic approval has been
obtained from the Ethics Committee/Institutional Review
Board of Asan Medical Center (approval number: 2017-
1317) and this trial is also approved by National Institute
of Food and Drug Safety Evaluation of Republic of Korea
(approval number: 31511). Results of this study will be
disseminated in scientific publication in reputed journals.

Strengths and limitations of this study

» The Anticoagulation versus Dual Antiplatelet Therapy
for Prevention of Leaflet Thrombosis and Cerebral
Embolisation after Transcatheter Aortic Valve
Replacement (ADAPT-TAVR) trial is a multinational,
multicentre, prospective, randomised, open-label,
superiority trial comparing efficacy and safety of
edoxaban versus DAPT with aspirin plus clopidogrel
in patients undergoing TAVR.

» The primary endpoint is an incidence of leaflet
thrombosis on 4-D, volume-rendered cardiac CT at 6
months post-TAVR and the key secondary endpoints
are cerebral embolisation (documented with brain
MRI) and neurological and neurocognitive function.

» This trial is planned to complete the 3-year enrol-
ment period for the prespecified 220 subjects from
the five participating centres.

» This trial will provide important clinical insights on
edoxaban-based anticoagulation strategy compared
with DAPT strategy post-TAVR with respect to leaflet
thrombosis and associated cerebral embolisation
and neurocognitive function.

» This trial may be underpowered to detect any clin-
ically relevant differences in clinical outcomes be-
tween two treatment strategies.

Trial registration number NCT03284827.

INTRODUCTION
Transcatheter aortic valve replacement

(TAVR) has been positioned as a valuable

BM)

Park H, et al. BMJ Open 2021;11:€042587. doi:10.1136/bmjopen-2020-042587 1

1ybuAdoa Ag pajaalold "Areiqi
[edIpa UesY ues|n 40 Ausiaaun 1e zz0z ‘6T Jaquwaldas uo jwod fwig uadolwg//:dny woiy papeojumoq "TZ0zZ Arenuer G uo /85z0-020z-uadolwa/9eTT 0T se paysiignd 1s1y :uado rING


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-6643-0239
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-042587&domain=pdf&date_stamp=2021-01-05
NCT03284827
http://bmjopen.bmj.com/

treatment option for patients with symptomatic severe
aortic stenosis (AS) who are at inoperable, high or inter-
mediate risk for conventional surgical aortic valve replace-
ment (SAVR), on the basis of clinical evidence from
multiple randomised clinical trials (RCTs)."” Recently,
TAVR has become a valid alternative to SAVR even in
patients at low surgical risk.® ¥ Despite of such proven
efficacy and safety of TAVR in patients with severe AS
at diverse surgical risks, thromboembolic complications
(stroke, systemic embolism, valve thrombosis and venous
thromboembolism) have been observed post-TAVR. In
addition, observational data reported that subclinical
leaflet thrombosis and reduced leaflet motion of biopros-
thetic aortic valves have been documented by four-
dimensional CT," and the presence of subclinical leaflet
thrombosis might be associated with increased rates of
stroke or transient ischaemic attacks (TIAs).!'™1? Despite
excellent outcomes after TAVR with newer-generation
valves, prevention and optimal management of subclin-
ical leaflet thrombosis can offer a potential opportunity
for further improvement in valve haemodynamics and
durability."*

In routine clinical practice, optimal post-TAVR anti-
thrombotic therapy is still controversial and a practice
variation of antithrombotic regimens is substantially high
without strong evidences for their recommendations.'”
Empirically, dual antiplatelet therapy (DAPT) of aspirin
plus clopidogrel has been used for at least 6 months
after TAVR,'™ although such recommendation was based
mainly on expert consensus. After several studies reported
that valve thrombosis developed in patients receiving
antiplatelet therapy alone but not in those receiving oral
anticoagulation (OAC) therapy," ' updated guidelines
recommend that OAC with vitamin K antagonist (VKA)
may be a reasonable approach for at least 3 months after
TAVR in patients at low risk of bleeding (class IIb)."°
However, clinical evidence to support this recommenda-
tion are still lacking (level of evidence B-NR: data were
derived from one or more non-randomised trials or meta-
analysis of such studies).

Edoxaban once daily is a well-tolerated inhibitor of
factor Xa that has demonstrated a superior safety with
non-inferior efficacy compared with VKA for prevention
of stroke or systemic embolisation or recurrent symp-
tomatic venous thromboembolism in diverse clinical
settings.'” '® We hypothesise that edoxaban, a non-VKA
oral anticoagulant (NOAC), potentially reduces the risk
of subclinical leaflet thrombosis and cerebral embolisa-
tion compared with conventional DAPT-based strategy in
patients undergoing TAVR. The Anticoagulation versus
DAPT for Prevention of Leaflet Thrombosis and Cerebral
Embolisation after Transcatheter Aortic Valve Replace-
ment (ADAPT-TAVR) trial is a multicentre, randomised,
open-label, active-treatment, controlled trial to compare
the efficacy of edoxaban and DAPT for prevention of
leaflet thrombosis documented by high-resolution four-
dimensional (4-D) cardiac CT and cerebral emboliszation
documented by brain MRI and associated neurological

and neurocognitive function in patients who underwent
successful TAVR procedure.

METHODS AND ANALYSIS

Trial design and objectives

The ADAPT-TAVR trial is a multinational, multicentre,
prospective, randomised, open-label, superiority trial that
compared the efficacy of a strategy of OAC with edox-
aban and DAPT with aspirin plus clopidogrel in patients
without an indication for chronic anticoagulation who
underwent successful TAVR for symptomatic severe AS
(figure 1). The trial is being conducted in five major
centres in three countries (The Republic of Korea, Hong
Kong and Taiwan).

The primary objective of ADAPT-TAVR is to demon-
strate the superiority of a NOAC strategy with edoxaban
(experimental arm) as compared with the current stan-
dard of care DAPT (control arm) in the prevention of
leaflet thrombosis (documented by 4-D cardiac CT). The
main secondary objective is to compare the two anti-
thrombotic strategies with regard to the potential risk of
cerebral embolisation (documented with brain MRI) and
the changes in neurological and neurocognitive function.
Other objectives for clinical assessment are to investigate
the time from randomisation to the first occurrence of
efficacy and safety clinical outcomes including death,
myocardial infarction (MI), stroke or TIAs, or bleeding
events.

Study population

Patients aged>18 years with severe symptomatic AS who
underwent successful TAVR procedure (either native
valve or valve in valve) with any approved/marketed
device (ie, SAPIEN 3, Evolut R or Evolut PRO) were
eligible for participation in the trial. A successful TAVR
procedure was defined according the Valve Academic
Research Consortium-2 (VARC-2) criteria as follows'?: (1)
correct position of a single prosthetic heart valve into the
proper anatomical location; (2) intended performance
of the prosthetic heart valve with presence of all 3 of the
following conditions post-TAVR (1. mean aortic valve
gradient<20 mm Hg, 2. peak transvalvular velocity<3.0
m/s and 3. no moderate or severe aortic valve regurgi-
tation) and (3) absence of periprocedural major compli-
cations (any type of stroke, life-threatening bleeding,
acute coronary artery obstruction requiring interven-
tion, major vascular complication requiring intervention,
unresolved acute valve thrombosis or any requirement of
a repeat procedure). The key exclusion criteria were any
established indication for long-term anticoagulation (eg,
concomitant atrial fibrillation) and any absolute indica-
tion for DAPT (eg, recent acute coronary syndromes or
recent or concomitant percutaneous coronary interven-
tion) at the time of screening. Detailed information on
inclusion and exclusion criteria is listed in box 1.

Randomisation and treatment groups
Eligible patients who met the study inclusion criteria and
met none of the exclusion criteria are randomly (1:1 ratio)

2

Park H, et al. BMJ Open 2021;11:042587. doi:10.1136/bmjopen-2020-042587

1ybuAdoa Ag pajaalold "Areiqi
[edIpaN UesY ues|n 4o Ausianun 1e zz0z ‘6T Jaquwaldas uo jwod fwig-uadolwg//:dny woiy papeojumoq "TZ0zZ Arenuer G uo /85z0-020z-uadolwa/oeTT 0T se paysiignd 1siy :uado rING


http://bmjopen.bmj.com/

Anticoagulant versus Dual Antiplatelet Therapy for Preventing Leaflet Thrombosis
After Transcatheter Aortic Valve Replacement

ADAPT-TAVR Trial

220 patients after successful TAVR procedure

Stratified randomization by (1) device type and (2) participating site

NOAC:
Edoxaban 60 mg or 30 mg once daily*
(N=110)

A 4

DAPT:
ASA + Clopidogrel
(N=110)

A 2

Primary endpoint: Incidence of leaflet thrombosis on four-dimensional, volume-rendered
Cardiac CT scan at 6 months post-TAVR procedure

Figure 1

Study flow diagram. Successful TAVR as defined in the ‘study population and methods’ section. *30 mg once daily

if moderate or severe renal impairment (creatinine clearance 15 — 50 mL/min), low body weight <60kg or concomitant use of
P-glycoprotein inhibitors (cyclosporin, dronedarone, erythromycin, ketoconazole). ASA, aspirin; DAPT, dual antiplatelet therapy;

NOAC, non-vitamin K antagonist oral anticoagulant.

assigned to receive either (1) NOAC with edoxaban (60
mg once daily or 30 mg once daily with dose-reduction
criteria) or (2) DAPT with aspirin (100 mg once daily)
plus clopidogrel (75 mg once daily) for 6 months after
successful TAVR. Central randomisation is performed
with the use of an Interactive Web Response System and
stratified by type of TAVR valve (balloon-expandable or
self-expandable) and participating centre with block sizes
of 4 or 6. Randomisation is performed after successful
TAVR when the patient has stabilised (1 to 7 days after
index TAVR procedure) and before hospital discharge.
Duration of study drug treatment and subject follow-up
will be at least 6 months.

In patients assigned to the edoxaban group (experi-
mental arm), the investigational product is open-labelled
edoxaban 60 mg or 30 mg tablet taken orally once daily
for 6 months. Edoxaban is started at the time of rando-
misation and irrespective of the pre-existing antithrom-
botic regimen. Edoxaban 30 mg tablet orally once daily
is given for randomised patients with the following dose-
reduction criteria: (1) body weight <60 kg, (2) moderate
to severe renal impairment (defined as a calculated
creatinine clearance (Cockroft-Gault formula) between
15 and 50 mL/min) or (3) concomitant P-glycoprotein

inhibitors (cyclosporine, dronedarone, erythromycin
or ketoconazole). Patients assigned to the DAPT group
(control arm) will receive aspirin 100 mg and clopi-
dogrel 75 mg once daily. Naive patients will initially be
loaded with aspirin (200 mg) and clopidogrel (300 mg)
according to local practice. After 6 months of study medi-
cations in both groups, patients will continue to use low-
dose aspirin (100 mg) alone indefinitely.

In case new-onset atrial fibrillation (NOAF) occurs after
randomisation, given that the potential thromboembolic
risk of NOAF after TAVR is substantial,*’ full OAC will be
implemented with maintenance of the original treatment
assignment. In the edoxaban group, the assigned treat-
ment remains as the protocol. In the DAPT group, use
of VKA or NOAC was allowed at the treating physician’s
discretion. Because this protocol adaptation is an integral
part of the study protocol regimens, endpoints occurring
under post-NOAF study treatments are retained in the
primary study analysis (intention-to-treat principle).

Study endpoints and follow-up

The primary and secondary endpoints of the ADAPT-
TAVR trial are listed in box 2. The primary study
endpoint is an incidence of leaflet thrombosis on 4-D,
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Box 1 Inclusion and exclusion criteria Box1 Continued

Inclusion criteria

1.

Patients aged >18 with symptomatic aortic stenosis who under-
went successful transcatheter aortic valve replacement (TAVR) pro-
cedure* (either native valve or valve in valve with any approved/
marketed device).

* A successful TAVR is defined as device success according to the
Valve Academic Research Consortium-2 criteria'®:

(1) Correct positioning of a single prosthetic heart valve into the
proper anatomical location.

(2) Intended performance of the prosthetic heart valve (no pros-
thesis—patient mismatch and mean aortic valve gradient <20 mm
Hg or peak velocity<3 m/s, no moderate or severe prosthetic valve
regurgitation.

(3) Absence of periprocedural complications (any type of stroke,
life-threatening bleeding, acute coronary artery obstruction requir-
ing intervention, major vascular complication requiring intervention,
unresolved acute valve thrombosis, or any requirement of a repeat
procedure).

The patient or guardian agrees to the study protocol and the sched-
ule of clinical follow-up, and provides informed, written consent,
as approved by the appropriate institutional review board/ethical
Committee of the respective clinical site.

Exclusion criteria

1.

2.

&

Any atrial fibrillation with an indication for chronic oral anticoag-
ulation (OAC).
An ongoing indication for OAC or any other indication for continued
treatment with any OAC.
Any ongoing indication for dual antiplatelet therapy (recent acute
coronary syndrome or percutaneous coronary intervention within
12 months).
Planned coronary or vascular intervention or major surgery.
The risk of bleeding increased due to the following reasons at the
time of TAVR procedure:

— History of gastrointestinal ulcers within 1 month.

— Malignant tumortumour with high risk of bleeding.

— Brain or spinal cord injury within 1 month.

— History of intracranial or intracerebral haemorrhagehaemorrhage

within 12 months.

— Oesophageal varices.

— Arteriovenous malformations.

— Vascular aneurysms.

— Spinal or intracerebral vascular abnormalities.

— Active bleeding.

— Haemoglobin level <7.0% or platelet count <50 x 10%/L

— History of major surgery within 1 month.
Clinically overt stroke within the last 3 months.
Moderate and severe hepatic impairment, and any hepatic disease
associated with coagulopathy.
Severe renal impairment (creatinine clearance by Cockcroft-Gault
equation<30 mL/min per 1.73 m?), chronic dialysis or post-TAVR
unresolved acute kidney injury.

15. Active participation in another drug or device investigational study,
which was not completed in the primary endpoint follow-up period.

16. Pregnancy test results are positive (all pregnant women should un-
dergo urinary human chorionic gonadotropin testing within 7 days
days prior to screening and/or randomisation) or during pregnancy
or lactation.

17. Genetic problem with galactose intolerance, Lapp lactase deficien-
cy or glucose-galactose malabsorption.

18. Current or history of aspirin-induced or nonsteroidal anti-
inflammatory drugs (NSAIDs)-induced asthma.

19. Haemophilia.

20. Use of methotrexate at doses of >15 mg per week.

21. Unsuitable condition to undergo brain MRI and/or cardiac CT (eg,
tremor from Parkinson’s disease). This is at the discretion of the
investigators.

volume-rendered cardiac CT at 6 months post-TAVR. The
key secondary endpoints for assessment of cerebral embo-
lisation, which was assessed by the number of new lesions
and new lesion volume on brain MRI scans at 6 months
relative to immediate post-TAVR, and the new changes
of neurological and neurocognitive function assessment
between post-TAVR and 6 months of study drug admin-
istration. Other secondary endpoints for assessment of
ischaemic and bleeding complications includes death
(all-cause, cardiovascular or non-cardiovascular), MI,
stroke (disabling or non-disabling) or TIAs, or bleeding
events (life-threatening or disabling, major bleeding or
minor). Serial echocardiographic parameters (the mean
transaortic valve pressure gradient and velocity time inte-
gral ratio) are also assessed at baseline, postprocedure,
and 6-month follow-up. All clinical endpoints are adjudi-
cated according to VARG-2 criteria? and the Neurologic

Box 2 Primary and secondary endpoints

Primary endpoint

Incidence of leaflet thrombosis on four-dimensional, volume-rendered

cardiac CT imaging at 6 months post-transcatheter aortic valve re-

placement (TAVR) procedure

Secondary endpoints*

1. Number of new lesions on brain MRI scans at 6 months relative to
immediate post-TAVR.

2. New lesion volume on brain MRI.

3. Neurological and neurocognitive function.

4. Echocardiographic parameters (mean transaortic valve pressure
gradient and velocity time integral ratio at baseline and 6-month
follow-up).

9. Terminal illness with life expectancy<6 months. 5. Death (all-cause, cardiovascular or non-cardiovascular mortality).

10. History of hypersensitivity to edoxaban, aspirin or clopidogrel. 6. Myocardial infarction.

11. Severe hypertension. . _ 7. Stroke (disabling or non-disabling) or transient ischaemic attack

12. Prosthetic heart valve replacement for which anticoagulant therapy 8. Bleeding event (life-threatening or disabling, major bleeding or
is essential. minor).

13. Moderate to severe mitral stenosis. *All clinical endpoints are adjudicated according to the VARC-2'° and

14. Pulmonary embolism requiring thrombolysis or pulmonary the NeuroARC? definitions
embolectomy. NeuroARC, Neurologic Academic Research Consortium; VARC-2, Valve

Continued Academic Research Consortium-2.
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Academic Research Consortium definitions.”” Detailed
definitions of clinical endpoints are summarised in online
supplemental appendix table 1. The investigators in each
centre should complete case report forms for all events
and provide sufficient information for central review. All
components of the primary and secondary endpoints are
blindly adjudicated by an independent Clinical Event
Committee (CEC).

After completion of the TAVR procedure, all study
patients are monitored per institutional standard of care.
The study subjects are followed at 1 month (+2 weeks),
3 months (+2 weeks) and 6 months (1 month). Data
collected during all follow-up visits also include clinical
symptoms, such as dyspnoea (New York Heart Association
class), angina status (Canadian Cardiovascular Society
class) and any related clinical events including rehospi-
talisation or unintended hospital visits. For compliance
check, the investigator will keep track of investigational
drug dispensed and/or administered to the subjects and
it is for compliance calculation.

To confirm the occurrence of leaflet thrombosis of
bioprosthetic valves, all subjects undergo 4-D, volume-
rendered cardiac CT at 6 months (+1 month) after the
TAVR. To evaluate the clinical effect of antithrombotic
strategy and cerebral embolisation by leaflet thrombosis,
we perform brain MRI at 1-7 days after TAVR and 6
months after initiating study drug administration. Trans-
thoracic echocardiography is routinely performed at
baseline, 1-7 days after immediate post-TAVR, 1 month
and 6 months after initiating study drug administration.
Standardised definitions of structural deterioration and
valve failure are used for the echocardiographic imaging
assessment of bioprosthetic valve dysfunction.*

Acquisition and archive of cardiac CT and brain MRI

A central imaging core lab (Asan Image Metrics; www.aim-
aicro.com) is in charge of image acquisition and archive.
The image core lab establishes the standardised acqui-
sition protocols of cardiac CT and brain MRI imaging
through gathering all CT/MRI machines and acquisition
protocols of cardiac CT and brain MRI in each partici-
pating site. All sites should be qualified for their imaging
machines and capability to perform the standardised
acquisition protocol by the imaging core lab. All CT/MRI
images acquired from each site are anonymised and elec-
tronically transferred to a central server (AiCRO system;
Asan Image Metrics, Seoul, Korea) for image archiving
images and blinded independent image review.

All cardiac CT scans are performed with a dedicated
4-D, volume-rendered CT acquisition protocol with intra-
venous contrast administration as mandated at each
participating site. The archived CT images are recon-
structed to generate the sagittal and coronal images (two-
chamber and three-chamber views) of the aortic root
and volume-rendered en face view images of the device.
Detailed information on acquisition and reconstruction
methodology of cardiac CT is summarised in online
supplemental appendix table 2. The standardised cardiac

CT protocols comply with international expert consensus
reports.” %

All brain MRI scans are obtained including diffusion-
weighted imaging (DWI), fluid-attenuated inversion
recovery (FLAIR), and T2-star gradient (GRE) sequences
which are the important sequences for image endpoint.
Other sequences such as localiser, T1-weighted image,
T2-weighted image or MR angiography, can be allowed
to use institutional protocols. The MRI sequences are
in compliance with the 2018 American Heart Associa-
tion/American Stroke Association guidelines.27 Detailed
information on acquisition protocols of brain MRI is
summarised in online supplemental appendix table 3.

Core laboratory image analyses

An independent image review committee is organised by
the central imaging core lab (Asan Image Metrics) for
the analysis of CT and MRI data from the ADAPT-TAVR
trial in a blinded fashion. Two cardiac radiologists analyse
cardiac CT images, and two neuroradiologists evaluate
brain MRIimages in an independentand blinded manner.
In cases of discrepancy, the adjudication was made by
open discussion and consensus between radiologists and
investigators. The adjudication variables are presence of
valvular thrombosis and occurrence of new DWI-positive
lesions, FLAIR-positive lesions, or GRE-positive lesions.
The adjudication rates between readers and the rationale
of adjudication should be recorded. The detailed items
on the image analysis of cardiac CT and brain MR images
are summarised in online supplemental appendix table
4, 5, respectively.

The cardiac CT images are analysed for presence of
valve thrombosis, presence of leaflet thickening, leaflet
motion based on opening limitation, stent eccentricity
(%) and calcification volume.? Presence of valve throm-
bosis is checked when there are hypoattenuated abnormal
lesion(s) attached at the one or more transcatheter heart
valve leaflet, subvalvular area, supravalvular area or left
ventricular outflow tract (LVOT). The location of valve
thrombosis should be determined from one or more of
the followings: leaflet, subvalcular area, supravalvular area
and LVOT. Leaflet motion is assessed based on grade of
opening limitation on a volume-rendered en face image
of the aortic-valve prosthesis at maximal leaflet opening.
Leaflet motion is categorised as normal, mildly reduced
(<50% reduction), moderately reduced (50% to 70%
reduction), severely reduced (>70% reduction) or immo-
bile (lack of motion) in at least one valve leaflet. We classi-
fied patients with mild or no restriction of leaflet motion
as having normal leaflet motion. The stent eccentricity is
defined as 1 (minimum stent diameter/maximum stent
diameter) at the level of inflow, valvular area and outflow
tract. If there is calcification, readers should measure the
volume of calcification at the annulus or sinus or Valsalva
level. Calcification can be measured using the threshold
of CT numbers greater than 850 Hounsfield unit.

The brain MRI images are analysed for occurrence,
number, and volume of new lesions on the 6-month DWI/
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FLAIR and GRE images compared with baseline MRI
(immediate post-TAVR), respectively. The new lesions
on DWI or FLAIR may reflect ischaemic lesions due to
thromboembolic events but also might be attributed to
other non-specific lesions. The new lesions on GRE are
regarded as new haemorrhagic lesions. The occurrence
of new lesion is defined when a lesion is seen only on
6-month MRI and not on baseline MRI. The number
of new lesions is counted based on new separate lesions
on 6-month MRI. The volume is calculated as the sum
of volumes of all separate new lesions on 6-month brain
MRI.

Neurological and neurocognitive function assessment

All study subjects will undergo detailed neurological and
neurocognitive function assessment at post-TAVR(1-7
days after TAVR and before discharge) and 6 months
of study drug administration. Neurologic assessments
include standard clinical scales (the National Institutes of
Health Stroke Scale (NIHSS) and the modified Rankin
Scale (mRS)) and cognitive assessments include the
Montreal Cognitive Assessment. Dedicated attending staff
will be identified at each centre to perform the neurolog-
ical and cognitive assessments; these subjects are NIHSS
certified, trained in administration of the mRS and cogni-
tive tests, and are blinded to brain MRI findings and treat-
ment groups.

Sample size estimation and statistical analyses

Sample size was estimated to simultaneously meet the
primary endpoint of the incidence of leaflet thrombosis
on cardiac CT and meet the key secondary endpoint of
the total new lesion number on brain MRI. Based on
the results from RESOLVE and SAVORY registry,'" we
assumed an incidence of subclinical leaflet thrombosis of
15% in the DAPT group and of 3% in the NOAC (edox-
aban) group. Enrolment of 192 patients (96 patients in
each arm) would provide the study with a statistical power
of 80% to detect this difference with a two-sided signif-
icance level of 0.05. Assuming 10% attrition rate of CT
follow-up loss at 6 months, a total of 220 patients (110
patients per each arm) are finally planned. In similar
setting of post-TAVR status, there are no benchmark MRI
data at immediate post-TAVR and follow-up on which to
base control arm assumption. Among the two landmark
trials (The Claret Embolic Protection and Transcatheter
Aortic Valve Implantation (CLEAN-TAVI)*” and Cerebral
Protection in TAVR (SENTINEL)®* involving brain MRI
at post-TAVR, the median number of new lesions in the
entire brain (with reference of the control arm) at imme-
diate post-TAVR was 16 (IQR 10-24) in the CLEAN-TAVI
trialand 5 (IQR 2-10) in the SENTINEL trial. Itis expected
that the absolute new lesion number between 6 months
and immediate post-TAVR would be lower than the lesions
number between immediate post-TAVR and baseline
(pre-TAVR). Thus, we assumed that the mean number
of new lesions in the entire brain between 6 months and
immediate post-TAVR would be approximately 10. Our

hypothesis for key secondary endpoint of brain DW-MRI
is that the use of edoxaban would provide a 30% reduc-
tion in the number of positive DW MRI-perfused brain
lesions following TAVR at 6 months relative to post-TAVR
in the entire brain compared with the use of DAPT. This
relative risk reduction was based on the clinical observa-
tion of prior registry'' and the assumption of trial with
similar concept.” Given an SD of 7, which was based on
the value of the CLEAN-TAVI trial, for the measure and
assuming a drop-out rate of 20%, a total of 218 patients
(109 patients per each group) was estimated for the study
to have a power of 80% at a two-sided o-level of 0.05. To
meet the predefined estimation of this key secondary
endpoint, the final sample size was estimated as a total of
220 patients (110 patients per each arm).

The primary and secondary endpoint analyses are
conducted on the full analysis set of all randomised
patients according to the intention-to-treat principle.
The Fisher’s exact test is used to compare categorical
variables. Continuous variables, presented as mean=SD
or medians with IQRs as appropriate, are compared with
the use of the Student’s t-test or the Mann-Whitney U test.
The key secondary endpoint, consisting of new median
lesion number differences between the two randomised
arms, was compared using the Wilcoxon rank sum test. A
z-score for each neurocognitive function domain is calcu-
lated on the basis of normative mean+SD for each neuro-
cognitive test. Change scores are calculated by subtracting
immediate-post-TAVR scores from the 6-month post-
TAVR scores. Cumulative event curves are generated by
means of the Kaplan-Meier method. The 95% CI of the
HR will be presented using a Cox model for survival anal-
ysis. Trial data are held by the trial coordination centre
at the Asan Medical Center. Analyses will be performed
by independent statistical analysts who was unaware of
randomised drug. All P-p alues are two sided, and values
<0.05 are considered statistically significant.

Study committees

The executive committee (EC) is composed of principal
investigators of clinical sites and persons who will orga-
nise this study. The EC will be responsible for reviewing
the final results, determining the methods of presenta-
tion and publication, and selection of secondary proj-
ects and publications. National lead investigators and
academic experts are part of the steering committee and
responsible for the protocol implementation and study
recruitment. An independent data safety monitoring
board (DSMB) has the responsibility of monitoring safety
during the trial: the members of the DSMB will not be
among those who directly control the sponsor of this
study and periodically review the safety data according to
a dedicated charter and make recommendations based
on safety analyses, protocol deviation, imaging failures
and 6-month follow-up reports. The CEC consists of
interventional and non-interventional cardiologists who
are also independent and blinded. The CEC is charged
of the development of specific criteria used for the
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categorisation of clinical events in the study, which are
based on the protocol and will adjudicate all suspected
study endpoints as detailed in the specific charter.

Ethics and dissemination

This trial was performed in accordance with the Declara-
tion of Helsinki, International Conference on Harmoni-
sation, Good Clinical Practice guidelines, and applicable
regulatory requirements. Ethic approval and informed
consent form have been obtained from the Ethics
Committee /Institutional Review Board of Asan Medical
Center (approval number: 2017-1317) and the trial was
also approved by National Institute of Food and Drug
Safety Evaluation of Republic of Korea (approval number:
31511). The study background and main objective as well
as potential benefits and risks will be fully explained to the
participants and their families. All participants voluntarily
signed a declaration of informed consent. We planned to
disseminate the overall results of the study to the partici-
pants and the public, such as presenting primary results
in the international scientific meeting and publicising our
research in medical news and various academic lectures.

DISCUSSION

The ADAPT-TAVR trial is a randomised controlled trial to
define optimal antithrombotic strategy using direct acting
factor Xa inhibitor, edoxaban after TAVR with regards to
prevention of leaflet thrombosis and cerebral embolisa-
tion. This trial will provide randomised evidences of the
efficacy and safety of edoxaban-based anticoagulation
strategy compared with DAPT strategy after successful
TAVR without indication of chronic OAC.

Initially, safety concern has been raised after report of
cardiac CT findings in patients who had stroke after TAVR
from an ongoing clinical trial."” Large-sized observational
registry showed that subclinical leaflet thrombosis more
frequently developed in TAVR (13%) than in SAVR
(4%)," but recent reports from CT substudies of low-risk
RCTs showed comparable incidences of leaflet throm-
bosis after TAVR and SAVR."** In prior observation, OAC
(both VKA and NOACs) was more effective than DAPT in
prevention or treatment of subclinical leaflet thrombosis
(4% vs 15%), and clinically subclinical leaflet thrombosis
was associated with increased rates of TIAs and strokes."’
Although there was limited evidence supporting the
association of leaflet thrombosis and cerebral embolic
events, the Food and Drug Administration (FDA) has
raised the safety concerns of TAVR and has been closely
monitoring this signal.”> The FDA also recommended
that whether reduced leaflet motion was clinically mean-
ingful for patients with TAVR, the loss of mobility of one
or more leaflets detected by CT rendered the valve struc-
turally dysfunctional and demands additional investiga-
tion. After such safety concern has been raised in several
studies,’” ' ** % updated guidelines suggest that OAC
within at least 3 months is reasonable considering the
possibility of leaflet thrombosis.'"However, there still has

been inadequate evidence to support these OAC recom-
mendations in patients undergoing TAVR.

Until recently, the underlying mechanism of biopros-
thetic valve thrombosis were not clearly determined. The
implanted TAVR valve adds a prothrombotic environ-
ment, which might be related to perturbations in blood
flow (ie, stagnant blood) and activation of various haemo-
static factors within the neosinus,'* and this condition may
favour subclinical thrombosis and valve haemodynamic
deterioration. Moreover, some studies suggested that
the intra-annular valves was more prone to higher risk of
leaflet thrombosis than the supra-annular valve," * which
would be the rationale of stratified randomisation by type
of TAVR valve (balloon-expandable or self-expandable) in
this trial. Although it is still unknown whether post-TAVR
produced-thrombi have a predominant platelet-related
or thrombin-related origin, thrombin plays a key role
in the formation of thromboembolic events; the mech-
anisms of platelet activation and coagulation are highly
interdependent, with thrombin playing a central role in
both pathways.”” Given that direct factor Xa inhibitors
target specifically factor Xa and decrease the conversion
of prothrombin to active thrombin, thereby diminishing
fibrin formation and reducing coagulation and platelet
activation, it might be reasonable to consider a systemic
anticoagulation strategy with NOAC regimen to prevent
subclinical leaflet thrombosis and reduce the long-term
thromboembolic risk after TAVR.

In this context, a systematic anticoagulation strategy
after TAVR should be tested in RCTs. Recently, the primary
results from the Global Study Comparing a Rivaroxaban-
based Antithrombotic Strategy to an Antiplatelet-based
Strategy after TAVR to Optimise Clinical Outcomes
(GALILEO) showed that NOAC strategy with rivarox-
aban at a dose of 10 mg (with low-dose aspirin for the
first 3 months) was associated with higher risks of throm-
boembolic complications, bleeding events and mortality
than DAPT strategy (low-dose aspirin with clopidogrel
at a dose of 75 mg for the first 3 months) in patients
without an OAC indication after successful TAVR.*® In
an imaging substudy of GALILEO, a rivaroxaban-based
antithrombotic strategy was more effective than DAPT
strategy in preventing subclinical leaflet motion abnor-
malities (2.1% vs 10.9%).” Unfortunately, these findings
cannot recommend routine imaging for the detection of
reduced leaflet motion or routine use of anticoagulation
after TAVR for preventing leaflet motion abnormalities,
given the unfavourable clinical outcomes with rivarox-
aban. Subsequent reports from the POPular TAVI trial
cohort A and B showed that aspirin or OAC alone was
associated with a lower incidence of bleeding and similar
risk of thromboembolic events as compared with dual
therapy with clopidogrel.* *' Regarding this important
issue, an OAC strategy alone or NOAC strategy instead
of VKA is actively being tested in another ongoing RCTs
including the ADAPT-TAVR trial (ATLANTIS trial:
NCT02664649, ENVISAGE-TAVI AF: NCT02943785,
and AVATAR: NCT02735902). The release of the key
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results of such consecutive trial may provide compelling
evidence to resolve the clinical unmet need for optimal
antithrombotic strategy in the routine clinical practice of
TAVR. In addition, the potential preventive role of anti-
coagulation with NOAC for preventing leaflet thrombosis
and cerebral embolisation after TAVR, which was not yet
confirmed by RCTs, will be supported by the primary
results of the ADAPT-TAVR trial.

It should be acknowledged that this study has several
limitations. First, bias in event ascertainment cannot be
ruled out given the open-label trial design. Second, the
ADAPT-TAVR trial has adopted the surrogate imaging
outcome as the primary and key secondary endpoints.
Therefore, our key findings based on imaging modali-
ties may not fully support the compelling clinical ratio-
nale with regard to efficacy and safety of NOAC strategy.
Third, our trial was underpowered to detect any clinically
relevant differences in clinical outcomes between two
treatment strategies. Finally, we excluded patients with an
established indication for OAC, which might be at least
one-third of the TAVR population. Thus, our findings
cannot be directly extrapolated to such population.

Trial status

The ADAPT-TAVR trial is planned to complete the 3-year
enrolment period for the prespecified 220 subjects from
the five participating centres. The first patientwas enrolled
on March 2018, and 200 patients have been enrolled until
October 2020. Enrolment may be completed approxi-
mately by the end of 2020. Primary results of the ADAPT-
TAVR trial will be available by late-term of 2021.
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