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Abstract (250/250)

Aims: Over decades, Left Ventricular Assist Device (LVAD) technology has transitioned from less
durable bulky pumps to smaller continuous-flow pumps which have substantially improved long-term
outcomes and quality of life. Contemporary LVVAD therapy is beleaguered by hemocompatibility related
adverse events including thrombosis, stroke and bleeding. A fully magnetically levitated pump, the
HeartMate 3 (HM3, Abbott Labs, USA) LVAD has been shown to be superior to the older HeartMate 11
(HMII, Abbott Labs, USA) pump by improving hemocompatibility. Experience with the HM3 LVAD
suggests near elimination of de-novo pump thrombosis, a significant reduction in stroke rates, and only
a modest decrease in bleeding complications. Since the advent of continuous-flow LVAD therapy,
patients have been prescribed a combination of aspirin and anticoagulation therapy on the presumption
that platelet activation and perturbations to the hemostatic axis determine their necessity. Observational
studies in patients implanted with the HM3 LVAD who suffer bleeding have suggested a signal of
reduced subsequent bleeding events with withdrawal of aspirin. The notion of whether antiplatelet
therapy can be avoided in an effort to reduce bleeding complications has how been advanced.

Methods: To evaluate this hypothesis and its clinical benefits, the Antiplatelet Removal and
Hemocompatlbility EventS with the HeartMate 3 Pump (ARIES HM3) has been introduced as the first-
ever international prospective, randomized, double-blinded and placebo-controlled, non-inferiority trial
in a patient population implanted with a LVAD.

Conclusion: This paper reviews the biological and clinical role of aspirin (100mg) with LVADs and

discusses the rationale and design of the ARIES HM3 trial.



Highlights Section

e Left Ventricular Assist Device (LVAD) therapy is plagued by hemocompatibility related adverse
events including thrombosis, stroke and bleeding

e Aspirin is used in combination with vitamin K antagonists to prevent LVAD thrombosis but
whether both therapies are required remains uncertain

o The ARIES HMS trial is an international, randomized controlled trial to test the hypothesis that
aspirin may be removed safely from the antithrombotic regimen with the HeartMate 3 LVAD

e Reducing bleeding complications while preserving hemocompatibility will enhance outcomes
with the HM3 LVVAD and lead to greater cost-effectiveness of this therapy

Abbreviations:

ARIES HM3 - Antiplatelet Removal and Hemocompatibility Events with the Heartmate 3 Pump

HMII — HeartMate Il LVAS

HM3 - HeartMate 3 LVAS

LVAS - Left Ventricular Assist System

LVAD - Left Ventricular Assist Device

MOMENTUM 3 - Multi-center Study of MagLev Technology in Patients Undergoing MCS Therapy
With HeartMate 3™ IDE Clinical Study



Introduction

Left ventricular assist devices (LVAD) are an established surgical treatment in patients with advanced
heart failure refractory to optimal medical therapy. Over the past several decades, LVAD technology has
transitioned from less durable larger, pulsatile-designed pumps to smaller continuous flow pumps which
reduce or eliminate a palpable pulse (1). These newer pumps have greatly improved long-term outcomes
while substantially improving quality of life. However, contemporary LVAD therapy is beleaguered by
hemocompatibility related adverse events including thrombosis, stroke and bleeding (2,3). A fully
magnetically levitated pump, the HeartMate 3 (HM3, Abbott Labs, USA) LVAD has been shown to be
superior to the HeartMate Il (HMII, Abbott Labs, USA) pump by demonstrating improved
hemocompatibility (4,5,6). Experience with the HM3 LVAD has demonstrated near elimination of de-
novo pump thrombosis, a significant reduction in stroke rates, but only a modest decrease in bleeding
complications, which remain burdensome. (7,8,9). Thus, an opportunity exists to address the ongoing
risk of bleeding, especially non-surgical mucosal bleeding (e.g. gastrointestinal bleeding), a sequela of
the un-natural circulatory physiology with continuous-flow LVADs.

Since the advent of continuous-flow LVAD therapy, patients have been prescribed a combination of
antiplatelet and anticoagulation therapy with vitamin K antagonists on the presumption that platelet
activation and perturbations to the hemostatic axis determine their necessity. The greater
hemocompatibility achieved with the HeartMate 3 has led to examination of different doses of
antiplatelet use or evaluation of lower targets of anticoagulation in select patients (10). Observational
analyses from within the MOMENTUM 3 pivotal trial have suggested that usual dose aspirin (325 mg
daily) is no different in achieving a similar degree of hemocompatibility when compared with low dose
aspirin (81 mg daily) (11). This observation has advanced the notion that antiplatelet therapy could
potentially be withdrawn from the backdrop of anticoagulation with vitamin K antagonists and such an
approach may reduce bleeding complications. To evaluate this hypothesis and its clinical benefits, the

Antiplatelet Removal and Hemocompatlbility EventS with the HeartMate 3 Pump (ARIES HM3) has



been introduced as an international prospective, randomized, double-blinded and placebo-controlled trial

in a patient population implanted with the HM3 LVAD.

Biology of Aspirin Use with LVAD Therapy

The role of using a combination of antiplatelet and anticoagulant therapy with LVAD implantation has not
been adequately studied with respect to hemocompatibility related adverse events in patients implanted
with the HM3 pump. The use of aspirin as the antiplatelet of choice is based on the presumed benefit of its
unique action to not only influence antiplatelet pathways but to also exploit the important effects upon the
inflammatory cascade (12). Aspirin, even in low doses, sufficiently and irreversibly acetylates serine 530
of cyclooxygenase (COX)-1. This effect inhibits platelet generation of thromboxane A2 and results in an
antiplatelet effect (13). Low doses of aspirin (75 mg) have been shown to inhibit innate immune-mediated
responses by preventing polymorphonuclear leukocytes and macrophage accumulation in response to tissue
injury (14). Aspirin acetylates COX-2 that is constitutively expressed in endothelial cells or up-regulated
in response to a local inflammatory stimulus. In vitro studies have shown that acetylated COX-2 triggers
15-epi-lipoxin A4 synthesis which facilitates the release of nitric oxide from endothelial cells that in turn
negatively regulates leukocyte-endothelial cell interaction (14).

These pharmacologic effects are uniquely suited to regulate thrombogenicity in the presence of continuous
flow LVADs via two intersecting pathways (mechanical or inflammation) which may result in pro-
thrombotic events (15,16). Continuous-flow LVVAD circulatory physiology induces effects that result in
increased shear stress and promote platelet activation (15,16,17). Similarly, inflammation is propagated by
upregulation of innate immune pathways, endothelial cell activation with consequent increase in NF-Kappa
B, cytokines and integrins (15,17). Thus, these observations have been used to support the argument for
persistent use of aspirin in LVADs to reduce the risk of thromboembolic complications, although these
pathophysiological observations have not been adequately translated into compelling clinical evidence for

utility. The continued use of aspirin with LVADs as accepted therapy is based on the supposition that it



may be necessary to adequately tackle platelet activation pathways in concert with the use of anticoagulant
therapy to maintain the milieu from incurring severe thromboembolic complications such as ischemic
stroke or pump thrombosis, which can be debilitating, require pump replacement and may lead to death.
Similarly, the negative consequences of aspirin use, especially in increasing bleeding complications have
not been adequately evaluated. This delicate balance between thrombosis and bleeding can ideally only be
examined conclusively by conducting a well-designed randomized controlled trial such as ARIES HM3.
The magnetically levitated rotor within the HM3 LVAD which is designed to reduce friction and in
combination with the wider pathways, specifically suited to reduce platelet activation as a consequence of
shear stress. The clinical evidence with this device has shown a tilt in the balance towards more bleeding
related complications and these observations now allow for the question of aspirin use to be investigated in

the context of a clinical trial (8).

Clinical Experience of Aspirin use with LVAD therapy

With the use of continuous-flow pumps, bleeding complications (especially gastrointestinal bleeding),
were encountered frequently. Consequently, clinical attention focused on strategies to reduce bleeding in
the hope that thrombosis would not be precipitated, by reducing the exposure to aspirin. Such studies
have been generally limited to those subsets of patients who are suffering from bleeding as the primary
medical complication experienced during LVAD support. Katz and colleagues (18) conducted a multi-
center observational study in 100 HMII LVAD implants in the United States, most of whom (82%)
underwent a reduction in antithrombotic therapy due to clinician response to a bleeding event.
Pharmacotherapy at the time of reduced antithrombotic therapy included warfarin only (38%), aspirin
only (28%), or no antithrombotic agent (34%) [by 1 year, 57% were on warfarin alone]. In this analysis,
freedom from ischemic stroke at 1 year was 93.8%, and freedom from device thrombosis was 92.7%.
However, despite reduced antithrombotic therapy, a subsequent bleeding event occurred in 52% of

patients. In a European experience, Netuka et al. (19) reported 101 patients implanted with the HMII



pump who were maintained off aspirin and on a vitamin K antagonist alone due to clinician preference
(92%). At 2 years, freedom from bleeding was 81%+6% while freedom from ischemic stroke,
hemorrhagic stroke, and pump thrombosis was 96%+2%, 94%+3%, and 94%z+3%, respectively. In these
studies, neither indication dependent nor clinician preference dependent removal of aspirin resulted in an
increase in thromboembolic events with the HMII LVAD. Encouraged by these observational
experiences, the PREVENTIon of non-surgical bleeding by management of HeartMate Il patients without
anti-platelet therapy (PREVENT I1) trial was launched but was unable to be completed and abandoned
after enrollment of 65 evaluable patients of the originally intended 350 subjects (20). This was a
randomized, placebo-controlled trial of aspirin use or withdrawal with the HMII LVAD and was not
completed due to the introduction of the HM3 pump which largely replaced the use the of HMII device
and futility in enrollment was evident. The trial was not stopped due to concern for thrombosis related
complications. The limited trial experience did provide important insight with the demonstration that at 1
year more bleeding episodes occurred in the aspirin group while stroke rates were no different.

However, it is important to recognize that antithrombotic therapies including the role of aspirin may be
dependent on the specific LVAD implanted since removal of aspirin or use of a reduced dose has been
associated with increased thrombotic complications. The Heartware HVAD pump (Medtronic, MN, USA)
trial experience has suggested that aspirin in a dose of 325 mg daily may be required to maintain
hemocompatibility as higher rates of pump thrombosis are seen when lower dose aspirin (81 mg) is used
(21, 22). However, this has not been found to be the case with the HM3 LVAD when some investigators
have tested lowered exposure to aspirin. Lim and colleagues (23) evaluated 90 HM3 implants at their
center in whom 53 patients discontinued aspirin due to bleeding or clinician preference by 3 months and
were then maintained on warfarin monotherapy (INR 2-3). There was no pump thrombosis or
thromboembolism noted in the cohort with 82% survival at 2-years. In a separate experience, Consolo
and colleagues (24) reported on 30 patients with a HM3 implant, 7 of whom were discharged on oral
anticoagulation alone without aspirin due to a postoperative bleeding event or with a HAS-BLED score >
4. Over a median of 645 (431-802) days, none of the 7 without aspirin suffered a bleeding event; whereas
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in the 23 patients treated with aspirin, 9 episodes of bleeding were recorded (39%). No thrombotic (pump
thrombosis) or thromboembolic complications (including stroke, transient ischemic attack,
cerebrovascular accident) were recorded irrespective of aspirin. Overall, these two small cohort studies
(23, 24) have not raised safety concerns for increased thrombotic complications in indication-dependent
removal of aspirin with the HM3 LVAD. However, these experiences should only be considered
anecdotal due to the selection of patients and small number of such cases evaluated. Saeed and colleagues
(11) studied the effectiveness of two different doses of aspirin within the HM3 arm of the MOMENTUM
3 trial. In this exploratory analysis, these investigators compared usual-dose (325 mg, n=141) and low-
dose (81 mg, n=180) aspirin with both groups using anticoagulation targeted to an international
normalized ratio of 2.0 to 3.0. At 2 years, a similar proportion of patients in the usual- and low-dose
groups (43.4% vs 45.3%, p = 0.94) met the primary endpoint of survival free from hemocompatibility
related adverse events (non-surgical bleeding, pump thrombosis, stroke, and peripheral arterial
thromboembolic events). There were also no differences in survival free from hemorrhagic (usual-dose:
54.4% vs low-dose: 51.7%, p = 0.42) or thrombotic (usual-dose: 76.8% vs low-dose: 75.7%, p = 0.92)
events. It should be emphasized that most studies have altered aspirin or warfarin or both for indications
of bleeding and only in highly selected patient populations. Whether such patients have an inherent
propensity to suffer bleeding complications while others may represent distinct biological profiles in
response to aspirin remains uncertain. Thus, it is important to examine the concept of aspirin use across a
generalizable spectrum of patients including those equally prone to bleeding related adverse events or to

thrombotic complications in an effort to appropriately assess the risk-benefit ratio of aspirin withdrawal.

Rationale for the ARIES HM3 Trial

Hemocompatibility-related adverse events, specifically bleeding events, with the HM3, while decreased in
comparison to the HMII pump, remain burdensome (6). For the purposes of designing the ARIES HM3

clinical study, we went back to the HM3 arm of the MOMENTUM 3 Pivotal Trial and calculated the



estimated cumulative hazard rates for device thrombosis, stroke and bleeding events at 12 and 24 months.
Hazard rate to first event were calculated using kernel-smoothed hazard function. With the HM3, pump
thrombosis was a rare event. For stroke and bleeding, >75% of the cumulative hazard occurred within the
first year of LVAD support (figure 1). However, bleeding events provide the greatest opportunity for
reduction in residual risk.

The reduction in gastrointestinal bleeding observed in HM3 patients after cessation of aspirin is supportive
but not confirmatory and this experience is limited to a handful of single center studies as previously
discussed (23, 24). In non-LVAD situations, even low dose aspirin is associated with gastrointestinal
bleeding when used for primary prevention of cardiovascular events (13, 25). In a 2016 meta-analysis, low-
dose aspirin use (<100 mg daily) was associated with an increased risk of major gastrointestinal bleeding
of 58 percent (odds ratio [OR] 1.58, 95% CI 1.29-1.95) and a non-significant increase in hemorrhagic stroke
of 27 percent (OR 1.27, 95% CI 0.96-1.68) (26). In another analysis which included the 3 large clinical
trials, low-dose aspirin use (<100 mg daily) increased the risk of intracranial hemorrhage (RR 1.37, 95%
Cl 1.13-1.66), compared with placebo (27). The greatest risk was for subdural or extradural hemorrhage
(RR 1.53, 95% CI 1.08-2.18). Such trials have indicated that even low dose aspirin is associated with an
increased risk of bleeding in those otherwise healthy individuals with a history of gastrointestinal bleeding
or peptic ulcer disease, age >70 years, thrombocytopenia, coagulopathy, chronic kidney disease, and
concurrent use of nonsteroidal anti-inflammatory drugs, steroids, and anticoagulants (24). Several of these
conditions exist in advanced heart failure patients implanted with LVADs and, when coupled with the
unique risk of bleeding due to aberrations in VVon Willebrand factor and predisposition to arteriovenous
malformations, suggests that even low dose aspirin may not be without hemorrhagic risk (28, 29, 30, 31).
Since the risk-benefit ratio for use of aspirin with LVAD therapy remains poorly studied, a strong rationale
for the evaluation of its usefulness exists with the HM3 LVAD which has the least burden of thrombotic
complications while having a bleeding risk that remains a persistent problem. Improved preservation of
high molecular weight VWF multimers has been demonstrated with HM3 compared with HMI1 and is likely
responsible for the decrease in observed bleeding events. (30,31) VWEF plays a critical role in the hemostasis
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of mucosal surfaces such as the gastrointestinal tract and is important for binding platelets to damaged sub-
endothelium. Removing aspirin which impairs the platelet activation and interaction with VWEF-- a critical
step in primary hemostasis-- may overcome this hurdle by reducing bleeding and improving outcomes for

patients with LVAD.

ARIES HM3 Trial Design

The ARIES HM3 Clinical Trial is an international, prospective, randomized, double-blinded, placebo-
controlled non-inferiority clinical investigation of advanced heart failure patients treated with the HM3 with
two different antithrombotic regimens: vitamin K antagonist with aspirin (100mg) versus vitamin K
antagonist with placebo, with target INR between 2.0-3.0. We hypothesize that withdrawal of antiplatelet
therapy from the antithrombotic regimen of HM3 pump patients will not adversely affect safety or efficacy
of the HM3 and may reduce non-surgical bleeding. The rationale and key study details are summarized in
the Central Figure. The Clinical Trial design is summarized in Table 1.

ARIES HM3 is being conducted at up to 50 centers worldwide (in the United States, Canada, United
Kingdom, Europe, Kazakhstan, and Australia). Patients will be considered enrolled upon consent (which
will occur prior to implantation) but will start study participation upon randomization, which occurs 2-7
days post implant. Patients will have to meet all inclusion and no exclusion criteria (Table 2), as applicable,
both at consent and upon randomization. Patients will be assessed prior to randomization by the
investigational team to ensure no new comorbidities affecting equipoise have developed post-implant.
Reasons for screen failure of patients prior to consent or between consent and randomization will be
captured and assessed.

Patients will be randomized into the active and placebo arms of the study in a 1:1 ratio and followed until
the final patient reaches 1-year of follow up. To safeguard study blinding, a third party, ALMAC Group
(Craigavon, Northern Ireland), is responsible for randomization and resupply of drug through an automated

web portal as well as overall treatment arm medication supply to sites and for inventory management. As
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discussed previously, there are no differences in outcomes in HM3 LVAD patients on low-dose (81mg)
versus usual-dose (325mg) aspirin. (11) Of the major low-dose formulations marketed internationally
(75mg, 81mg, 100mg), there is no evidence to suggest a clinically meaningful difference, therefore, 100mg
was selected for practical reasons (logistics and potential regulatory implications).

For patients reaching 1-year of follow up prior to the final patient, they will continue to be followed as long
as they remain on randomized treatment arm medication (placebo or aspirin), e.g. they have not transitioned
to an open label therapy. Patients who have transitioned to an open label therapy will complete study follow
up at 1-year. See figure 2 for the study flow diagram. This study design feature will provide additional
follow up in patients who remain on the treatment arm medication to potentially allow assessment of the
impact of the treatment arm on cumulative adverse events in patients who have multiple or recurrent events,
specifically bleeding. As part of site activation, each study team has been provided patient management
guidance documents to achieve uniform clinical care practices with respect to stopping of study medication
for bleeding events or hemocompatibility related adverse events as well as unblinding of the therapy.
Clinical management of vitamin K antagonists will not be altered and allowed as per site-based standard of
care to achieve an international normalized ratio (INR) of 2-3. All INRs and lactate dehydrogenase (LDH)
measurements throughout the study will be collected. Management of anticoagulation will be strictly

analyzed and reported between the study arms.

Study Objectives and Rationale for Endpoints

The principal objective of this trial is to study the safety and efficacy of an aspirin-free antithrombotic
regimen in patients with advanced heart failure implanted with the HM3 LVVAD. The primary endpoint for
this study will be met if the placebo arm is non-inferior to the aspirin arm in the composite of survival free
of any non-surgical (any event occurring > 14-days post implant) major hemocompatibility related adverse
event at 1-year post implant. The primary goal of the ARIES trial is to demonstrate that removal of aspirin

from the anticoagulation regimen in HM3 patients does not adversely affecting safety or efficacy and is
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therefore designed as a non-inferiority study. Major Hemocompatibility Related Adverse Events include
stroke, pump thrombosis (suspected or confirmed, including thrombosis within the pump or its inflow and
outflow conduits), bleeding (including intracranial bleeds that do not meet the stroke definition), and arterial
peripheral thromboembolism (8). Definitions for key adverse events, including major hemocompatibility
related adverse events and events that could be adjudicated to them (hemolysis, neurologic dysfunction),
are provided as supplemental material. This study assesses the overall difference in the incidence of major
hemocompatibility related adverse events between the two groups. The 14 days blanking period was
developed to ensure that surgical complications are not allocated to the study drug.

It is important to discuss the use of the primary endpoint which includes both thrombotic and bleeding
events under the nomenclature of hemocompatibility (3). Such a composite endpoint is deemed important
for an LVAD study due to the interdependence and inter-relatedness of both thrombotic and hemorrhagic
events, specifically LVAD patients are at risk for both types of events and prior events can influence the
occurrence of subsequent events. Frequent changes to a patient’s antithrombotic therapy that occur in the
setting of hemocompatibility related adverse events increase the propensity toward opposing events.
Specifically, treatment of a thrombotic event with additional antithrombotic intensity may result in a
hemorrhagic event or vice-versa. Thus, decoupling thrombotic and hemorrhagic events in a patient
population predisposed to both is not possible. This can lead to difficulty interpreting the results of clinical
studies or, in the worst-case scenario, result in a study with little or no interpretive value. As such, this study
focuses on de-novo LVAD implants and the first major events to avoid confounding by clinical
management and prior to any modifications to the antithrombotic regimen, while encouraging investigators
to maintain the randomized treatment arm therapy as long as clinically permissible.

Additional unpowered secondary endpoints include a breakdown of individual major hemocompatibility
related adverse events by etiology, specifically Non-surgical Major Hemorrhagic Events and Non-surgical
Major Thrombotic Events, as well as assessment of survival, stroke, pump thrombosis, and bleeding.
Bleeding will be assessed overall as well as within the subtypes of non-surgical bleeding, moderate
bleeding, severe bleeding, fatal bleeding, and gastrointestinal bleeding. These secondary endpoints will aid
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in contextualization of the primary endpoint results in terms of the contribution of 1) hemorrhagic vs
thrombotic events and 2) individual major hemocompatibility related adverse events. The definition for
bleeding severity was inspired by using a modification of the INTERMACS bleeding adverse events
definition which was in part based on the criteria proposed by the Academic Research Consortium (32).
Explanted pumps in patients with suspected pump thrombosis will be returned to the sponsor for full
analysis. This study will also assess changes in the Hemocompatibility Score, Rehospitalization, and
Economic Cost Implications as a result of removal of antiplatelet therapy from the antithrombotic regimen

as descriptive endpoints (8).

Study Blinding

All subjects, sites, Clinical Events Committee (CEC) members, and sponsor personnel will remain blinded
to treatment arm designation of individual patients as well as population level randomization data until the
last ongoing study subject completes follow-up (specifically, experiences an outcome or has final study
visit) and all data have been adjudicated. To maintain blinding of the study, a third-party vendor will be
responsible for generation of the randomization schemes and randomization of patients. The Data and
Safety Monitoring Board will be the only group with access to population level unblinded data, which is

facilitated directly through the third-party vendor and a statistician independent from the study team.

Sample size and Power Calculations

The MOMENTUM 3 trial database was used to derive a point estimate of 71% survival to 1 year free of
any major hemocompatibility related adverse events in the aspirin treated arm. For the purposes of powering
the study, it is assumed that in the absence of aspirin a 2% improvement in the composite endpoint will be
noted, mainly due to the reduction of bleeding complications without a change in thromboembolic
complications. Based on these assumptions 220 patients will need to be randomized in each arm (440 total)

to achieve 80% power to prove that the placebo group is non-inferior to the aspirin group using a non-
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inferiority margin of 10% with the Farrington-Manning risk difference approach to non-inferiority at a one-
sided alpha = 0.025. To account for an expected 30% dropout rate associated with events occurring 2-14
days post implant, up to 628 patients will be randomized in the trial. To ensure the study will not be
underpowered and avoid any bias inherent in an underpowered non-inferiority trial, a pre-specified adaptive
interim analysis for sample size re-estimation will be performed. Sample size calculations were performed

using PASS 15 software.

Statistical Analysis of the Primary Endpoint

The primary endpoint hypothesis is formally expressed as:
Ho: Tplacebo = Tlaspirin = A

Ha: Tlplacebo = Taspirin = A

where mplaceno and maspirin are the percentage of subjects who successfully achieve the composite endpoint in
the placebo and aspirin groups and where A is the non-inferiority margin fixed at 10%. The primary

endpoint will be assessed in the modified intention-to-treat (mITT) population.

The Modified Intention to Treat Population (mITT) will include all randomized subjects except those who
experience a surgical adverse event, defined as <14 days post-implant, requiring investigator mandated
antiplatelet therapy or who expire, are transplanted, or withdrawn within 14 days of implant. Patients
transplanted after 14 days post implant will be included in the primary endpoint analysis up to the point of
transplant. A patient will be considered a success if transplanted prior to 12 months post-implant and
without experiencing a hemocompatibility related adverse event. Non-surgically related major
hemocompatibility related adverse events will only be analyzed up to the transition to open label. Subjects
will be analyzed according to the treatment arm assigned at randomization.

The primary endpoint composite success rate will be calculated for each treatment arm based on the
number of subjects who successfully meet the primary endpoint divided by the total number of subjects in
the mITT population. The placebo arm will be considered non-inferior to the aspirin arm if the lower

14



boundary of the one-sided 97.5% confidence limit of the risk difference in the composite success between
treatment arms (Placebo-arm minus Aspirin-arm) is greater than the non-inferiority margin (-10%).

The study will include a number of sensitivity analyses. First, a tipping point analysis will be performed
to determine the effect of missing data on the primary endpoint. Second, if it is determined the Time in
Therapeutic Range for anticoagulation based on INR calculations is different between treatment arms, a
sensitivity analysis will be performed to determine the effect on the primary endpoint. Third, a sensitivity
analysis will be performed to determine differences in the time to the first event between treatment arms.
Finally, a sensitivity analysis will be performed on hemocompatibility-related adverse events that occur

after a subject has been transitioned to open label.

Aspirin Response Testing

All patients randomized in the trial from the Unites States receiving the treatment arm medication will
have their response to aspirin assessed by serum thromboxane B2 testing (33,34). Testing will be
performed by a core lab. To retain the study blind, sites will not receive the results of the test. Samples
will be collected and processed by the sites at baseline, 3-, 6-, and 12-months post-implant. Additional
antiplatelet testing or platelet function testing, beyond the core lab test, will not be allowed while patients

are on the treatment arm medication, as it may result in un-blinding of the subject or the investigator.

Device Position Substudy

A sub-study focused on device positioning will be conducted at up to 10 sites participating in the ARIES
HM3 study. Previous studies have demonstrated that inflow cannula malposition, which occurs 1) due to
incorrect surgical placement, or 2) as a consequence of device migration, is associated with significant
adverse events including pump thrombosis, stroke and persistent heart failure due to the inability to

provide adequate left ventricular unloading and device flow (35). Specific surgical configurations have
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not been studied in depth with the HM3 LVVAD, and their influence on hemocompatibility-related events
associated with LVAD therapy remains poorly understood. The high shear stress hemodynamic
environment associated with LVADs may be exacerbated by malposition of the LVAD inflow cannula
(36). Anecdotal evidence suggests that surgical implantation of the inflow cannula at different angles with
respect to the apical ventricular axis influences LVAD thrombosis (36). Whether these conformational
alterations also influence hemocompatibility with the HM3 LVVAD has not been previously studied,
amplifying the importance of this sub-study.

Optimal positioning of the inflow cannula is oriented to the orifice of the mitral valve. This sub study
utilizes a simple technique to identify a more anatomical reference point to assess HeartMate 3 inflow
cannula position. A radiopaque surgical marker (i.e. surgical clips) will be placed on the anterior surface
of the aortic root below the sino-tubular ridge of the aorta just above the ostia of the right coronary artery,
which reduces the likelihood of interference with the coronary artery. The surgical clips used in this study
are standard to use in cardiac surgery for both hemostasis and as radiopaque markers. They have been
used for the development of this sub study in 4 LVAD implants with a cumulative follow up of 245-days
post-implant at a single center without safety concerns (unpublished data provided by Francis D. Pagani,
MD, PhD). Placement of the clips will be under direct visualization and will not prolong the implant
procedure. Participation in this sub study is not expected to present appreciable additional risk. This sub
study will not affect the main objectives of the ARIES HM3 clinical trial.

The hypothesis of this sub-study is to develop and validate this marker to serve as a consistent anatomical
landmark to allow for accurate evaluation of the HeartMate 3 inflow canula position at the time of
implant and subsequently, over time. We hypothesize that differences in inflow canula positions and their

changes over time may correlate with clinical outcomes.

Discussion of Unique Study Features
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There are several unique features of this study, which have been implemented to conclusively establish
the utility of aspirin in HM3 LVVAD patients. These features include:

a) Patients are enrolled upon consent (pre-implant) but randomized at 2-7 days post implant:
This study is designed to enroll patients internationally to provide a broad and representative sample of
HM3 LVAD patients. International enrollment is important as regional variations in LVAD management
practice and, possibly, differences in risk of adverse events have been demonstrated (37). Therefore, the
ARIES trial must conform to multiple regulatory frameworks. ISO standards require that patients be
enrolled at the time of consent, however, scientifically, our primary focus in this study is on randomized
patients. Therefore, this study will enroll enough patients to randomize 628 patients. This 2—7-day
window from implant to randomization importantly allows for sufficient time for investigators to assess
the patients’ status post-implant and the development of any exclusion criteria prior to committing to
randomization.

b) Temporal attribution of adverse events to the surgical procedure:
Events occurring within 14 days of the implant of the HM3 LVVAD are generally attributed to the implant
procedure. This provides sufficient time for the effect of any pre-implant aspirin use to wash out in those
randomized to placebo. Furthermore, the perioperative period is dynamic and adverse events are largely
driven by the implant procedure itself rather than the individual effect of aspirin, even if the relationship
to the implant procedure may not always be readily apparent. For example, perioperative epistaxis may be
caused by trauma from a nasogastric tube abrading the mucus membrane. By creating a uniform,
temporally based cutoff for surgical events, we will pragmatically attribute relevant events to the effect of
the treatment arm.

c) Generalizability of the patients included in randomization:
Traditionally, the degree of equipoise to conduct a study is based on specific clinical scenarios and is a
principal determinant of generalizability of use of the study findings. In patients implanted with an LVAD, the
changes in circulatory biology (including but not limited to the development of an acquired Von Willebrand

Syndrome) as well as the use of systemic anticoagulation with warfarin create a new pathophysiological state
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influencing hematological adverse outcomes. In this situation, evidence from a different prior circulatory state
cannot be applied to the appropriateness of routine aspirin use in the unique setting after LVAD implantation.
Therefore, there should be broad equipoise to enroll a generalizable study population reflecting the
general LVAD patient population, including ischemic heart failure patients. As an example, some may
express concern that removing aspirin from those patients with underlying coronary artery disease,
especially a recent coronary event or presence of a prior intra-coronary stent may not be in accordance
with traditionally advocated guidelines. We would emphasize that once a LVAD is implanted, the
physiological conditions change significantly rendering many such prior convictions less viable. First, the
role of a patent coronary vessel is reduced in the condition where the LVAD unloads the ventricle and
drastically decreases myocardial oxygen demand. Second, alterations that change the rheology of blood
elements as described above by the development of an acquired vVWF disease may decrease the propensity
for intravascular thrombosis. Third, alterations in the manner of flow results in a change in coronary
blood flow with a continuous flow LVAD (38). In an animal experimental study, LVVAD support caused
decrease in systolic and peak systolic flow of all 3 coronary vessels but increased diastolic right coronary
artery flow (38). Therefore, we believe that the clinical setting of an LVAD implantation is one where an
absolute indication for use of aspirin does not exist in most scenarios. However, if the investigators
believe that antiplatelet therapy is warranted, they may choose to decline patient entry. The steering
committee has discussed potential scenarios with investigators to ensure enrollment of a representative
and generalizable population. As an example, we believe that most patients with underlying coronary
arterial disease or a diagnosis of ischemic cardiomyopathy can be enrolled in the trial due to the reasons
articulated earlier. However, we also agree that some clinical scenarios may not be appropriate for
enrollment which include a recent acute coronary syndrome requiring a drug eluting stent implantation
within 30 days. Similarly, if the investigators believe that coronary flow to the right ventricular system
may be jeopardized (e.g. a drug eluting stent implanted into the proximal right coronary artery within 6
months), and withdrawal of antiplatelet therapy could negatively influence the function of the right

ventricle which is unsupported, such a patient should not be included in the trial. We intend to document
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the reason for screen failures of any patient receiving an LVAD at participating centers to analyze and
understand their clinical decision making.

d) Over-the-Counter Aspirin-Use
Use of over-the-counter aspirin containing products must be avoided by patients in this study. Aspirin and
aspirin-like compounds are very common ingredients in medicines including those for pain relief and
common illness such as the cold. We have generated country specific aspirin-containing products flyers
and mandated training to all patients at follow up visits to help patients consistently avoid these
medications.

e) Platelet function assays and maintenance of the study blind:
Platelet function tests can break (or be perceived to break) the study blind for an individual patient. These
tests will be avoided while patients are actively taking the treatment arm medication. Aspirin
responsiveness tests include TEG PlateletMapping, VerifyNow, Aggregometry, and others but not tests
which do not assess platelet activity, such as platelet count. The efficacy of aspirin in the LVAD
population has not been well studied. Therefore, as part of this study, a core lab has been established to

assay serum thromboxane B2 in all US-based patients.

Study Status and Summary

The first patient was randomized on July 17, 2020. As of May 10", 2021, 41 of 50 sites are active and open
for enrollment in the study and 156 of the expected 628 patients have been randomized. We anticipate
completion of the study randomization by mid-year 2022 and conclusion of 1-year follow-up in the last

patient randomized by 2023.
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Figure Legends:

Figure 1. Residual risk of Hemocompatibility Related Adverse Effects with the HeartMate3
Left Ventricular Assist Device

The figure depicts estimated hazard rates for Device Thrombosis, Stroke and Bleeding events in
the HM3 arm of the MOMENTUM 3 Pivotal Trial (6). Hazard rate to first event are calculated
using kernel-smoothed hazard function. With the HM3, pump thrombosis has become a rare
event. For stroke and bleeding, >75% of the cumulative hazard occurs within the first year of

LVAD support, representing the greatest opportunity to reduce residual risk in HM3 patients.

Figure 2. — The ARIES HM3 Study Flow Diagram

Central Figure — This figure incorporates the rationale for ARIES HM3 (Antiplatelet Removal

and Hemocompatibility Events with the Heartmate 3 Pump), the principal study hypothesis and a

summary of its design
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Table 1: Clinical Trial Summary

Antiplatelet Removal and Hemocompatlbility EventS with the HeartMate 3 Pump (ARIES HM3)

Trial Design

International, prospective, randomized, double-blinded, placebo-controlled non-
inferiority clinical investigation of advanced heart failure patients treated with the
HM3" with two different antithrombotic regimens:
» vitamin K antagonist (INR: 2.0-3.0) with aspirin (100mg)
Versus
< vitamin K antagonist (INR: 2.0-3.0) with placebo

Randomizing 628 patients at up to 50 centers worldwide (in the United States,
Canada, United Kingdom, Europe, Kazakhstan, and Australia).

Objective

To study the safety and efficacy of an anti-platelet-free antithrombotic regimen in
patients with advanced heart failure treated with the HM3 LVAS'

Hypothesis

Withdrawal of antiplatelet therapy from the antithrombotic regimen of HM3 pump
patients will not adversely affect safety or efficacy of the HM3 and may reduce non-
surgical bleeding.

Primary Endpoint

The composite of survival free of any non-surgical* major hemocompatibility
related adverse event? at 1-year post implant.

1 - Non-surgical is defined as any event occurring > 14-days post implant.
2 - Major Hemocompatibility Related Adverse Events include:
» Stroke
e Pump Thrombosis (suspected or confirmed)
¢ Bleeding (including intracranial bleeds that do not meet the stroke
definition)
»  Arterial Peripheral Thromboembolism.

Secondary Endpoints

Secondary endpoints, listed below, will be analyzed separately to provide context to

each of the components of the composite primary endpoint:
* Non-surgical Major Hemorrhagic Events

Non-surgical Major Thrombotic Events

Survival

Stroke Rates,

Pump Thrombosis Rates

Bleeding Rates, including:
o Non-surgical Bleeding

Moderate Bleeding

Severe Bleeding

Fatal Bleeding

Gl Bleeding

O O0OO0O0o

Descriptive Endpoints

Changes in the Hemocompatibility Score, Rehospitalization, and Economic Cost
Implications

25




"HM3 — HeartMate 3
'LVAS — Left Ventricular Assist System
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Table 2: Inclusion and Exclusion Criteria: evaluated at consent (enrollment) and

randomization.

Inclusion Criteria

Subject will receive the HeartMate 3 per standard of care (SOC) in accordance with
the approved indications for use in the country of implant.

Subject will receive the HeartMate 3 as their first durable VADS.

Subject must provide written informed consent prior to any clinical investigation
related procedure.

In patients of child-bearing capability, not currently pregnant and on appropriate
contraception.

Exclusion Criteria

Post-implant additional temporary or permanent mechanical circulatory support
(MCS) post-implant (other than the HM3* LVAD").

Post-implant Investigator mandated antiplatelet therapy for other conditions
(including mandated presence or absence of antiplatelet agent).

Patients who are nil per os (NPO) post-implant through day 7.

Subjects with a known allergy to acetylsalicylic acid.

Participation in any other clinical investigation(s) involving an MCS* device, or
interventional investigation(s) likely to confound study results or affect study
outcome.

Presence of other anatomic or comorbid conditions, or other medical, social, or
psychological conditions that, in the investigator’s opinion, could limit the subject’s
ability to participate in the clinical investigation or to comply with follow-up
requirements, or impact the scientific soundness of the clinical investigation results.

*HM3 — HeartMate 3

*LVAD — Left Ventricular Assist Device
*MCS — Mechanical Circulatory Support
$VAD — Ventricular Assist Device
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