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The global prevalence of atrial fibrillation is rapidly increasing, in large part due 
to the aging of the population. Atrial fibrillation is known to increase the risk 
of thromboembolic stroke by 5 times, but it has been evident for decades that 
well-managed anticoagulation therapy can greatly attenuate this risk. Despite 
advances in pharmacology (such as the shift from vitamin K antagonists to 
direct oral anticoagulants) that have increased the safety and convenience of 
chronic oral anticoagulation in atrial fibrillation, a preponderance of recent 
observational data indicates that protection from stroke is poorly achieved on 
a population basis. This outcomes deficit is multifactorial in origin, stemming 
from a combination of underprescribing of anticoagulants (often as a result 
of bleeding concerns by prescribers), limitations of the drugs themselves 
(drug–drug interactions, bioaccumulation in renal insufficiency, short half-
lives that result in lapses in therapeutic effect, etc), and suboptimal patient 
adherence that results from lack of understanding/education, polypharmacy, 
fear of bleeding, forgetfulness, and socioeconomic barriers, among other 
obstacles. Often this adherence is not reported to treating clinicians, further 
subverting efforts to optimize care. A multidisciplinary, interprofessional 
panel of clinicians met during the 2023 International Society of Thrombosis 
and Haemostasis Congress to discuss these gaps in therapy, how they 
can be more readily recognized, and the potential for factor XI-directed 
anticoagulants to improve the safety and efficacy of stroke prevention. A full 
appreciation of this potential requires a reevaluation of traditional teaching 
about the “coagulation cascade” and decoupling the processes that result in 

(physiologic) hemostasis and (pathologic) thrombosis. The panel discussion 
is summarized and presented here.
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INTRODUCTION
Since its conception, the provision of safe and effective long-

term anticoagulation to prevent the thromboembolic complications 
of atrial fibrillation (AF) has been one of the most precarious balanc-
ing acts in medicine. In 1976, Gurewich1 wrote:

“Anticoagulant therapy has certain unique features that 
tend to complicate its appropriate use. For example, the 
beneficial effect of anticoagulants can usually be appre-
ciated only by a statistical evaluation of clinical trials. 
By contrast, the hemorrhagic complications are all too 
obvious in the individual patient. This places a special 
onus on physicians who see their therapeutic failures and 
not their successes.”

Today, having encountered successive generations of anticoag-
ulant options for stroke prevention in AF [from warfarin and heparin  
to low-molecular-weight heparin and direct oral anticoagulants 
(DOACs)] that have spanned 5 decades, clinicians are still forced to 
walk a tightrope between the need to reduce thromboembolic risk—
with whichever anticoagulant approach they choose—and the need 
to minimize bleeding complications as a result of that therapy. The 
challenge for prescribers is exacerbated by uncertainty about assess-
ments of relative risk, by incomplete knowledge of the true impact 
of the inappropriate use of reduced dose regimens of DOACs, and by 
the overemphasis by clinicians and patients on bleeding risk in the 
context of an incomplete understanding of the risk and implications 
of stroke. Patient nonadherence to prescribed therapy, which may be 
attributable to fear or experience of bleeding, forgetfulness, other 
personal reasons for missing doses, or inadequate education on the 
consequences of subtherapeutic anticoagulation in AF, also contrib-
utes to suboptimal outcomes.2

In June 2023, in association with the annual congress of the 
International Society on Thrombosis and Haemostasis, in Montréal, 
Québec, Canada, a multidisciplinary, interprofessional expert panel was 
convened to discuss the causality and consequences of these issues and 
to explore the potential for new anticoagulants directed against coagula-
tion factor (F)XI to address unmet needs. In the authors’ evidence-driven 
dialogue, various perspectives on the gaps and deficiencies of current 
provision of stroke prevention in AF were discussed.
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CURRENT GAPS
AF is a burgeoning problem worldwide (Fig. 1).3 The 

increasing prevalence of AF is driven by several factors, includ-
ing aging of the population, the similarly increasing prevalence of 
concomitant heart failure, longer survival after cardiac ischemic 
events, and unprecedented prevalence of obesity. The Centers for 
Disease Control and Prevention estimates that 12.1 million peo-
ple in the United States will have AF in 2030.4 In Europe, prev-
alent AF in 2010 was ≈9 million among individuals older than 
55 years and is expected to reach 14 million by 2060.5,6 However, 
despite recognition of these epidemiological trajectories, and the 
well-established efficacy of anticoagulation for stroke prevention 
in AF, suboptimal management of stroke risk persists. Both registry 
and prescription claims data have consistently demonstrated that 
approximately 40%–60% of patients with AF and a guideline-based 
indication for stroke prevention (CHA

2
DS

2
-VASc ≥2) are not pre-

scribed oral anticoagulants (OACs).7 This may be a passive scenario 
(missing or inaccurate AF diagnosis, limited health care access, 
inadvertent patient nonadherence, and effects of pill burden) or an 
active one [physician underprescribing (usually because of bleed-
ing concerns), patient nonadherence, or lack of adequate patient 
education]. Other contributing factors are the recognition that 
current “best therapy” (DOACs, as per international society guide-
lines8–10) remains suboptimal for some patients with AF, including 
those with advanced age, severe renal dysfunction, frailty, or active 
malignancy. Furthermore, the short half-lives of the DOACs mean 
that the level of anticoagulation may be subtherapeutic after miss-
ing even a single dose.

The need for safe and effective anticoagulation—for multiple 
indications—is well recognized. Thrombosis is responsible for 1 in 
4 deaths globally and remains a leading cause of morbidity.11 The 
underuse of anticoagulation therapy for stroke prevention in patients 
with AF is one of the greatest public health issues facing cardiovas-
cular patients.7

BALANCING STROKE PROTECTION AND BLEEDING 
RISK

The primary obstacle to managing and preventing thrombosis 
is concern for, or frank fear of, bleeding. Advances in anticoagula-
tion therapy have largely been driven by the need to reduce bleeding 
risk. DOACs represent a substantial achievement of that goal, as 
major bleeding—particularly intracranial bleeding but not necessar-
ily gastrointestinal bleeding—occurs less frequently with DOACs 
than with vitamin K antagonists (VKAs) such as warfarin. In addi-
tion, DOACs are more convenient to administer than VKAs, have 
fewer drug–drug interactions (DDIs) and drug–diet interactions, 
and do not require anticoagulation monitoring or dose titration. 
However, despite lower rates of all-cause mortality—attributable 
to fewer fatal bleeding events with DOACs than with VKAs12—
DOAC-related bleeding remains a concern, with major and clini-
cally relevant nonmajor (CRNM) bleeds occurring at a rate of about 
10%–12% per year.13

While major bleeding events complicate the long-term care of 
patients with AF, CRNM bleeds, which are captured in clinical tri-
als of stroke prevention, may also deter clinicians and patients from 
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FIGURE 1.  Global prevalence of AF and estimated increase of AF in different regions. Adapted from Nat Rev Cardiol 
2014;11:639–654.3
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initiating or continuing anticoagulation therapy. In addition, patients 
may experience and be troubled by what clinicians term “minor” or 
“nuisance” bleeds such as slow healing of small cuts, easy bruising, 
epistaxis, gingival bleeding with toothbrushing, or hemodynamically 
insignificant but visible hematuria, hematochezia, or hemorrhoidal 
bleeding. As discussed later, these events are perhaps better termed 
“patient-relevant bleeds,” because they can be much more impactful 
on patients’ quality of life than the more clinical terms “minor” or 
“nuisance” bleeds might convey.14 Such events may prompt patients 
to reduce or skip doses, pause, or—in as many as 1 in 20 cases15—
discontinue DOAC therapy, often without notifying their physician, 
suggesting that “nuisance” is a misnomer.

Unfortunately, despite the pharmacologic advance represented 
by the DOACs over VKAs, tension persists between achieving effec-
tive stroke prevention and avoiding excess bleeding risk. Patients’ 
perceptions about stroke risk and their very tangible experience of 
bleeding events may differ sharply from the clinician’s goal to avoid 
stroke at any “reasonable” cost. In other cases, patients may be more 
fearful of a disabling stroke than their clinicians, who instead focus 
on their perception of unacceptable risk for bleeding with conven-
tional anticoagulation.16 Clinician assessment of stroke risk with a 
validated instrument such as CHA

2
DS

2
VASc scoring correlates with 

provision of stroke prevention therapy, but there appears to be a pla-
teau to that relationship. In a report from the American College of 
Cardiology National Cardiovascular Data Registry’s PINNACLE 
(Practice Innovation and Clinical Excellence), each 1-point increase 
in the CHA

2
DS

2
VASc score was associated with an increased likeli-

hood of providing an OAC prescription compared with aspirin-only 
prescription [adjusted odds ratio (OR), 1.163; 95% confidence inter-
val (CI), 1.157–1.169; P < 0.001].17 However, OAC prescription did 
not exceed 50% even in higher-risk patients with CHA

2
DS

2
VASc 

scores over 4.17 Regardless of prescribing patterns, other data indicate 
that the risk of discontinuation of OAC treatment among AF patients 
is concerning, particularly among patients with prior bleeding.18

These discussions are replete with conflicting data. Divergent 
information comes from 2 studies comparing patient and physician atti-
tudes about stroke prevention in AF that were conducted 22 years apart 
(2001 and 2023). Both found that patients with AF who are not receiv-
ing anticoagulation are more willing to consider anticoagulation than 
are their physicians.19,20 In 2001, the most striking difference between 
physicians and patients was in the thresholds for the risk of bleeding 
with warfarin and aspirin, in that patients were willing to accept a much 
higher risk of bleeding for an associated reduction in the risk of stroke. 
Physicians as a group showed little consistency as to how much risk of 
excess bleeding was acceptable.19 In 2023, however, 56% of patients 
expressed concern about bleeding, compared with 46% who were con-
cerned about stroke, while the top physician-cited issues were low AF 
burden (34%), patient refusal (33%), fall risk (21%), and high bleeding 
risk (20%).21 Therefore, there is a persistent gap between patient and 
physician perceptions of bleeding and stroke risk.

CLINICAL ISSUES IMPACTING ANTICOAGULATION 
DECISION-MAKING

Clinical factors such as older age, perceived frailty, dementia, 
and preexisting anemia were the most common reasons why clini-
cians chose not to prescribe anticoagulation for stroke prevention 
in a large payer database review of nearly 400,000 patients.22 The 
importance of these factors is highlighted by the observation that, in 
2020, OAC was initiated within 12 months after incident AF diag-
nosis in only 33% of patients, leaving two-thirds of eligible patients 
untreated.22 Frailty in particular appears to represent a significant 
impediment to OAC prescription,23 although frailty often coexists 
with advanced age and other comorbidities that might confound 
that association and impact practice. Frail patients are less likely to 

receive an anticoagulant than those without frailty, and, if anticoagu-
lated, frail patients are more likely to receive warfarin than a DOAC. 
Therefore, although the introduction of DOACs has increased anti-
coagulation rates, these drugs have not resolved treatment gaps for 
frail patients with AF.23

Another issue that often accompanies advancing age and com-
plicates anticoagulation prescribing in AF is progressive renal insuf-
ficiency.24 Observational studies indicate that one-third of patients 
with AF also have chronic kidney disease (CKD).25 Of note, com-
pared with AF patients without CKD, those with CKD are less likely 
to be treated with rhythm control, or receive OAC, and have higher 
rates of both major bleeding and stroke when anticoagulants are 
prescribed.25,26 A population-based study of bleeding risk associated 
with OACs in patients with heart failure and AF in the US Veterans 
Administration health system found that death and bleeding were 
lower with DOACs than with VKAs across all renal function levels 
and clinical subgroups. A >20% decline in renal function occurred 
in 53% of DOAC-treated patients at some point during follow-up, 
which would have required dose reduction in 11% of patients, and 
was associated with increased bleeding.27

Besides renal function-driven dosing considerations—which 
vary among available DOACs—there are other potential contributors 
to suboptimal anticoagulation with DOACs attributable to pharma-
cokinetics, bioavailability, and DDIs.28 In a Canadian study of more 
than 36,000 patients prescribed DOACs for stroke prevention in AF, 
11% had a documented concomitant use of a potentially interact-
ing P-glycoprotein or CYP3A4 inducer or inhibitor.29 For all adverse 
DDIs reported, inappropriate DOAC prescribing had occurred in 
63% of dispensations. There was a significantly higher risk of death 
[hazard ratio (HR), 1.58; 95% CI, 1.47–1.70; P < 0.001] when a DDI 
was identified, but not a higher risk for stroke (HR, 0.99; 0.83–1.17; 
P = 0.89) or major bleeding (HR, 1.22; 0.94–0.158; P = 0.13).29

UNDERPRESCRIBING AND UNDERDOSING
Perhaps because of these overlapping issues, both underpre-

scribing and underdosing of DOACs for stroke prevention in AF 
appear to be common. For example, the apixaban dose for AF is rec-
ommended to be reduced by half if at least 2 of 3 characteristics 
are present: age ≥80 years, body weight ≤60 kg, or serum creatinine 
≥1.5 mg/dL.30 Driven by potential concerns for bleeding, however, 
the reduced dose is often prescribed inappropriately, thereby reduc-
ing efficacy while still imparting an anticoagulant-related bleeding 
risk.31 In a Canadian registry of DOAC prescribing practice for stroke 
prevention in AF, the standard recommended dose was prescribed in 
76% of patients and the reduced dose in 24%. Concordance of the 
standard dose with Health Canada prescribing information occurred 
in 95% of patients, but the reduced dose was concordant in only 58% 
of cases, suggesting that 42% of patients inappropriately received a 
reduced dose regimen.32 In the Systematic Assessment of Geriatric 
Elements in Atrial Fibrillation (SAGE-AF) cohort, over 20% of 
older patients with AF treated with DOACs were prescribed an inap-
propriate dose, with most being underdosed. DDIs were common; 
per those investigators, other factors that influenced prescription of 
guideline-nonadherent doses were perception of higher bleeding risk, 
presence of kidney dysfunction, and lack of familiarity with dosing 
guidelines.33

Similarly, in an Israeli study of newly diagnosed AF 
patients prescribed DOACs, 39% received off-label dose-reduced 
treatment. Underdosing was associated with an increased risk of 
the composite thrombotic outcome of death/stroke/MI [adjusted 
HR, 1.57 (95% CI, 1.34–1.83); P < 0.001] and a higher rate of 
bleeding [adjusted HR, 1.63 (1.14–2.34); P = 0.008].34 Another 
analysis of a large US administrative database of DOAC-treated 
AF patients with a renal indication for dose reduction showed 
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that 43% were potentially overdosed, which was associated with 
a higher risk of major bleeding (HR, 2.19; 95% CI, 1.07–4.46), but 
no statistically significant difference in stroke. Among patients in 
this study with no renal indication for dose reduction, 13% were 
potentially underdosed. Specifically in apixaban-treated patients, 
this underdosing was associated with a higher risk of stroke (HR, 
4.87; 1.30–18.26) but no statistically significant decrease in major 
bleeding (HR, 1.29; 95% CI, 0.48–3.42) compared with standard 
dose apixaban.35

While it appears that stroke prevention therapy with DOACs in 
AF is more convenient and less burdensome for patients than VKA, 
many studies have shown that convenience does not necessarily 
translate to improved patient adherence.36 Furthermore, hazards from 
nonadherence can occur early given the short half-lives of DOACs; 
while the short half-life is an advantage when scheduling invasive 
procedures or when managing bleeding events, this is also associated 
with a rapid loss of effectiveness when a dose is missed. This is a crit-
ical issue for agents that must provide continuous protection against 
thrombotic events while also carrying a constant bleeding liability 
that persists even with underdosing.37

Because the half-lives of DOACs range from 5 to 14 hours, 
drug levels may be very low by the time the next dose is taken.38–40 
Per Figure 2, an extra dose (Fig. 2B) or a missed dose (Fig. 2C) 
may result in a greater bleeding risk or a greater thrombotic risk, 
respectively, especially in patients receiving a once-daily dosing 
regimen.40 This is a prevalent and consequential issue. A system-
atic review of 48 real-world evidence studies that included some 
570,000 patients with AF indicated that one-third of DOAC-treated 
patients had poor adherence to therapy. The typical patient missed 
one DOAC dose every 4 days, associated with a 39% increase in 
thrombotic events.41 Availability of a pharmacologic strategy that 
provides a sustained treatment effect without a corresponding 
increase in bleeding risk would improve outcomes with anticoag-
ulation for AF.

POLYPHARMACY
Another issue that may interfere with optimal delivery of 

stroke prevention in AF with DOACs is pill burden. Polypharmacy 
(taking ≥5 medications per day) is common in older patients who 
are at greater risk of AF and of stroke and bleeding.42,43 Cognitive 
impairment in older populations can also impact their ability to 
track medications and successfully manage a high pill burden.43 
As the average patient with AF has 5 significant comorbidities,44 

it is not surprising that 75% of patients with AF experience poly-
pharmacy.45 The consequences of polypharmacy and pill burden 
in AF are well documented. For example, a systematic review and 
meta-analysis examining the association of polypharmacy with 
health outcomes in AF demonstrated a 36% increase in all-cause 
mortality among patients taking 5–9 medications and an 84% 
increase in all-cause mortality for those taking more than 9 medi-
cations.46 Those pill burdens similarly corresponded with increased 
rates of major bleeding (HR, 1.32; 95% CI, 1.14–1.52; P < 0.001 
and HR, 1.68; 1.35–2.09; P < 0.001, respectively) and CRNM 
bleeding (HR, 1.12; 1.03–1.22; P < 0.01 and HR, 1.48; 1.33–1.64; 
P < 0.01, respectively).46

Further, polypharmacy and pill burden are associated with 
poorer general function and physical measures of quality of life in 
patients with chronic disease,47,48 particularly AF.49,50 Pill burden and 
polypharmacy are also independently associated with poorer med-
ication adherence and, consequently, with worse clinical outcomes. 
Nonadherence is related to the number of medications, particularly in 
patients with cardiovascular disease.51 In the Apixaban for Reduction 
in Stroke and Other Thromboembolic Events in Atrial Fibrillation 
(ARISTOTLE) trial, patients taking 9 or more concomitant drugs had 
a significantly higher rate of study drug discontinuation (1%) than 
did those on 6–8 drugs (15%) or 0–5 drugs (14%).52

Finally, polypharmacy is also associated with a heightened 
risk of DDIs with the risk increasing in an almost exponential man-
ner with the number of drugs taken.47,53 DDIs with DOACs in AF can 
increase the risks for both ischemic stroke and hospitalization for 
major bleeding.54

ANTICOAGULATION ADHERENCE IN ATRIAL 
FIBRILLATION

All these issues interfere with patient adherence to stroke 
prevention therapy with DOACs. Adherence, as distinct from per-
sistence, is a measure of the extent to which a patient adheres to a 
prescribed dose and interval of their medication regimen. Adherence 
is usually expressed as a proportion of doses taken divided by the 
prescribed regimen. Typically, “good” adherence is defined as 80% or 
better by that measure,55 which, given the loss of thrombosis protec-
tion risked by missing a single DOAC dose,41 might be considered a 
“soft” goal on which we should improve. Persistence is a measure of 
continuing use (in time) of a prescribed therapy. Thus, these are dif-
ferent measures with distinct impacts because the behavioral drivers 
of adherence and persistence differ.

FIGURE 2.  Theoretical pharmacokinetic profile of a DOAC in serum and gastrointestinal lumen: a dose X administered once 
daily (QD, black line), and a dose X/2 administered twice daily (BID, red line). A, Taking proper regimen. B, Taking an extra 
tablet may result in a higher peak (and higher level of anticoagulation) in the QD than in the BID regimen. C, A single missed 
DOAC dose may deviate the concentration downward from the therapeutic range (and therefore inadequate anticoagulation) 
more severely in the QD regimens than in the BID regimens. Adapted from Am Heart J Plus 2022;22:100203.40
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A conceptual model has identified explicit attitudes toward 
medications that affect adherence as well as implicit attitudes and time 
preferences [eg, immediate (as in pain relief) vs. delayed (avoiding 
future complications) gratification]. These drivers are also impacted 
by individual-level social determinants of health such as economic or 
logistical barriers to accessing medications.56 Adherence truly begins 
with prescribing (hopefully at an appropriate dose, to avoid under-
prescribing) and the patient then filling the prescription. Already, 
potential barriers to adherence have been encountered: writing the 
prescription, interacting with the pharmacy, and paying for the med-
ication. The next step is taking the medication as it was prescribed—
another opportunity for suboptimal adherence. Furthermore, at some 
point (eg, 30 or 90 days) for chronic anticoagulation in AF, the pre-
scription must be refilled, and the process repeated. Adherence to 
VKAs can be assessed by monitoring the international normalized 
ratio and therefore the prescriber has an objective means of evalu-
ating adherence. However, the international normalized ratio is not 
measured in those on DOAC therapy and prescribers must rely on 
self-reported adherence, which may be limited in its reliability.57

A theoretical model around adherence specific for anticoagu-
lation therapy has several key elements58:

•	 Knowledge base: to promote adherence, patients should be 
educated about the purpose of, and long-term need for, stroke 
prevention in AF.

•	 Short- and long-term motivation: can be supported by a clear 
understanding of the perceived health risks and consequences of 
nonadherence, and by education and involvement of caregiver/
family.

•	 Support with habit formation: help with creating a personal-
ized system for habit formation to identify and remove barriers 
to adherence. Provide reminders for doses, supporting a self- 
efficacy loop to say, for example, “Yes, I’m going to take a pill 
today, I’m going to continue to take a pill over and over again.”

•	 Other factors: individualized for the patient, taking into consid-
eration demographics, personality, attitude, mental health, and 
values systems.

The personal and societal gains from improved adherence 
with stroke prevention in AF have been clearly described.59 As noted 
previously, one missed dose may result in a decrease in the DOAC 
concentration to a subtherapeutic level, which can render them pre-
disposed to thrombosis, and the typical patient misses a dose every 
4 days.41 Data from RE-LY (Randomized Evaluation of Long-term 
Anticoagulant Therapy), the pivotal outcome study comparing dab-
igatran to VKA, showed that during a median of 2 years of follow-up, 
76% of patients were “adherent” at the 80% level. Follow-up of the 
24% of patients who were nonadherent showed increased adverse 
outcomes for both efficacy and safety, with those patients sustaining 
higher rates of stroke, all-cause mortality, major bleeding, and all 
bleeding.60 A previously cited systematic review and meta-analysis 
of 48 real-world evidence studies showed that the proportion of AF 
patients with good adherence to anticoagulation therapy was 66% 
and that DOAC nonadherence was associated with an increased risk 
of stroke (HR, 1.39; 95% CI, 1.06–1.81).41 Further, nonadherence 
has a substantial economic cost: adherence to DOAC therapy over 12 
months led to a reduction in overall health care costs as higher drug 
acquisition costs were offset by lower medical (inpatient and outpa-
tient) costs among adherent patients.61

A recent study examining reasons for nonadherence to apix-
aban in 419 patients with AF with a mean CHA

2
DS

2
VASc score of 

3.2 ± 1.6 reported adherence scores ≥80 (termed “mild” nonadher-
ence) in two-thirds and scores <80 (“poor” adherence, as per above) 
in one-third.62 In all groups, forgetfulness was a significant self- 
reported contributor to nonadherence, and it was the predominant 

problem among those with poor adherence. Additional issues asso-
ciated with adherence score <80 included: not believing the DOAC 
was needed [OR, 12.24 (95% CI, 2.25–66.47)]; medication cost 
[OR, 3.97 (95% CI, 1.67–9.42)]; and fear of severe bleeding [OR, 
3.28 (95% CI, 1.20–8.96)]. Patients with adherence scores <80 were 
also asked to identify practices that would help “a great deal/a lot” to 
increase adherence. Interestingly, and undermining a key perceived 
advantage of DOACs over VKA, bloodwork to evaluate drug efficacy 
was cited by 56%. Physician counseling about adherence was iden-
tified by 55%, and having an available reversal agent was cited by 
39%. Of the 43% of the patients who did not disclose their nonadher-
ence to their providers, forgetfulness was a predominant problem.62

ADVERSE EVENTS AFFECT ADHERENCE
Finally, data reveal that DOAC-related adverse events neg-

atively impact adherence. Thus, in RE-LY, annual event rates were 
higher in nonadherent than adherent patients for stroke and sys-
temic embolism (3.1% vs. 1.0%), all-cause death (7.8% vs. 2.7%), 
major bleeding (6.2% vs. 2.7%), and all bleeding (28.7% vs. 19.1%; 
all P < 0.0001). After an event, patients were even more likely to 
become nonadherent [adherence after stroke or systemic embolism, 
30.3% (vs. 51.5% before the event), after major bleeding, 33.4% (vs. 
60.6%), and after all bleeding, 66.7% (vs. 72.9%); all P < 0.0001].60 
Therefore, the relationship between poor adherence and adverse 
events is bidirectional, suggesting a need for new or different stroke 
prevention approaches for AF patients that improve adherence.

The distinction was made earlier between clinically classed 
“minor” or “nuisance” bleeds and patient-relevant bleeding that has 
a deleterious impact on adherence to OAC. At International Society 
on Thrombosis and Haemostasis 2023, new observational data were 
presented that illustrate why clinicians should be more attuned to 
these “minor” bleeding complications.14 In November 2022, a global 
survey of over 3000 adult patients prescribed anticoagulants was 
conducted in association with StopAfib.org and the National Blood 
Clot Alliance to explore the frequency and impact of bleeding prob-
lems that did not—at the patients’ own discretion—trigger medical 
evaluation. Of respondents, 59% reported experiencing a bleeding 
problem, most commonly easy bruising or slow healing of small cuts 
or injuries. Menorrhagia, epistaxis, and gingival or hemorrhoidal 
bleeding were also frequently reported. An emotional impact of such 
events was reported by 47% of patients who described being anxious 
or fearful about bleeds or bruises that occurred with routine activi-
ties, embarrassed about their appearance because of a recent bleed or 
bruise, and having an underlying fear of a future bleed that may be 
serious or even fatal.

More than half of these patients had adjusted their lifestyles in 
response to these “patient-relevant” bleeds, for example, by spending 
less time engaging in sports, hobbies, or travel, or by changing their 
choice of apparel to ensure better coverage of bruises. The risk of 
injury when working in the kitchen, in the garden, or when cleaning 
house was often cited as a concern that prompted curtailment of such 
activities.

More than one-quarter of these patients confirmed they had 
considered pausing, or had paused, their anticoagulant therapy, 
due to bleeding problems; 7% did not consult their doctor before 
interrupting therapy. Finally, the greater the emotional or lifestyle 
impact of a recent bleed, the greater was the reported interest in a 
new anticoagulant that would lower bleeding risk while still offer-
ing reliable stroke protection. The potential development of just 
such an anticoagulant strategy—one that addresses all measures 
of safety including patient-relevant bleeding as well as the issues 
of adherence, pill burden, underprescribing and underdosing, and 
DOAC-related pharmacokinetics and DDIs as discussed earlier—
was the subject of the remainder of the authors’ discussions.
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THE POTENTIAL FOR FACTOR XI-TARGETED 
THERAPEUTICS

FXI is an attractive target for new anticoagulants for several 
reasons, most notably the longstanding recognition of the impact 
and implications of congenital FXI deficiency. Unlike hemophilia, 
FXI deficiency—which is prevalent among Ashkenazi Jews54—is 
rarely associated with spontaneous bleeding.63 With major injury, 
surgery, or childbirth, it is associated with prolonged bleeding but 
not a hemorrhagic proclivity.64 Genetic epidemiology and Mendelian 
randomization studies involving large cohorts of subjects indicate 
that low FXI levels (typically defined as <20% of normal) are asso-
ciated with a reduced risk of thrombosis [venous thromboembolism 
(VTE) and ischemic stroke], but without an increased risk for major 
bleeding.65 In a 10,000-patient Ashkenazi cohort, the incidence of 
VTE was lower in those with FXI deficiency (FXI activity <50%) 
compared with those with normal FXI activity [adjusted HR, 0.26 
(95% CI, 0.08–0.84)].66 Moreover, high levels of FXI are a risk factor 
for thrombosis.67 These effects are consistent with FXI exerting both 
procoagulant and antifibrinolytic activities, yielding a cardiovascular 
benefit that may protect FXI-deficient subjects.

The results of animal studies also support FXI as a target for 
new anticoagulants: FXI-deficient mice were protected from occlu-
sive thrombosis in the vena cava after partial ligation68 and from 
injury-induced thrombosis in the arterial system.69 Furthermore, 
such mice had no increase in bleeding after tail amputation and 
only a minor increase in bleeding in a saphenous vein reinjury 
model.70 Such findings of attenuation of thrombosis without a 
bleeding penalty, seen with FXI inhibition or knockout, differ 
from the experience with oral FXa inhibitors in these models. The 
DOACs are very effective at preventing thrombosis in animal mod-
els but, with increasing doses, there is a dose-dependent increase 
in bleeding.71

These findings suggest that selective inhibition of FXI may 
dissociate thrombosis from hemostasis. Pursuing this concept 

requires a reimagining of the coagulation cascade as it has been 
traditionally understood—with 2 pathways (extrinsic and intrinsic) 
converging into a common pathway72—with the net result being 
the formation of a fibrin clot. One might imagine “good clots” and 
“bad clots”; good clots are involved in the formation of hemostatic 
plugs that form at sites of vascular injury to seal the leaks and pre-
vent bleeding. Hemostatic plugs are predominantly extravascular in 
location. Bad clots, on the other hand, are those that form inside the 
heart, or in arteries or veins and block blood flow, thereby causing a 
stroke or a myocardial infarction in arteries, or deep vein thrombosis 
that can embolize to the lungs. Because current anticoagulants target 
clotting factors in the common pathway of coagulation, they cannot 
discriminate between “good clots” and “bad clots.”

Normal hemostasis, resulting in hemostatic plugs or “good 
clots,” is triggered by the high concentrations of tissue factor (TF) 
located in the hemostatic envelope surrounding blood vessels. TF ini-
tiates explosive “good clot” formation through the extrinsic and com-
mon pathway.73 FXI is mostly dispensable for this process. In contrast, 
pathologic thrombosis or “bad clots” are triggered by small amounts 
of TF exposed at sites of atherosclerotic plaque disruption inside 
arteries or by the TF expressed on the surface of activated leukocytes 
or microvesicles tethered to the inside wall of veins. These small 
amounts of TF initiate clotting but for the clots to become occlusive, 
amplification of coagulation through activation of FXI by thrombin 
is essential.73 Because FXI is essential for thrombosis but mostly 
dispensable for hemostasis, FXI inhibitors can uncouple thrombosis 
from hemostasis, thereby providing safer anticoagulation.74

This disconnection is depicted in Figure 3.75 The impact of 
DOACs (which target FXa or thrombin in the common pathway) 
and VKAs (which reduce the levels of coagulation proteins in the 
extrinsic, intrinsic, and common pathways) impact hemostasis, while 
selective inhibition of FXI effectively suppresses the pathological 
thrombosis pathway, while leaving the physiological hemostasis path-
way largely unaffected. The risk of bleeding is thereby minimized.

FIGURE 3.  Direct oral anticoagulants and VKAs all act on the common pathway, inhibiting both hemostasis and pathologic 
thrombus formation. By specifically and only inhibiting FXI, it may be possible to reduce the risk of thrombi while preserving 
the functionality of the clotting cascade in response to bleeding. Adapted from J Am Coll Cardiol 2023;81:771–779.75
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Multiple approaches to selective FXI inhibition are being 
investigated. Antisense oligonucleotides such as fesomersen (admin-
istered subcutaneously monthly)76 target the synthesis of FXI in the 
liver, while aptamers [eg, factor eleven inhibitory aptamer, dosed 
intravenously or subcutaneously daily77) bind FXI and block its 
activity. FXI-directed antibodies (eg, abelacimab,78 osocimab79), 
which are given by subcutaneous or intravenous injection, bind to 
FXI and block its activation and/or activity. Small-molecule inhib-
itors (eg, asundexian,80 milvexian81), which are administered orally, 
bind reversibly to the active site of FXIa and block its activity.

Abelacimab is unique among current agents in that it binds 
to the catalytic domain of FXI with high affinity and locks it in a 
zymogen conformation, thereby preventing its activation by FXIIa 
or thrombin.78 Because the mechanism of action of abelacimab spe-
cifically prevents FXIa from ever forming, it closely recapitulates 
the biology of congenital FXI deficiency and the cardioprotection 
that it confers.66 Typical of antibody activity, abelacimab has a long 
half-life and requires subcutaneous injection only once per month, 
which simplifies the treatment process and may improve patient 
adherence. Preclinical and clinical studies have confirmed that there 
is no need to adjust abelacimab dosing for age or for renal or hepatic 
dysfunction, and given the specific targeting of the antibody, there is 
no potential for DDIs or accumulation in patients with kidney failure. 
Therefore, abelacimab may be particularly well suited for long-term 
anticoagulation as required for stroke prevention in AF.

The closest similarity between emerging FXI-directed ther-
apeutics and DOACs is between apixaban or rivaroxaban and the 
oral small-molecule drugs asundexian and milvexian. Apixaban is 
given twice daily, has a rapid onset and offset of action, exhibits 
27% renal elimination, and has the potential for DDIs with potent 
P-glycoprotein or CYP3A4 inducers or inhibitors.30 Asundexian and 
milvexian also have rapid onset and offset of action, are dosed once 
or twice daily, and have some renal elimination and the potential for 
DDIs, but importantly may carry less bleeding liability. In contrast, 
the antibodies abelacimab and osocimab—which also carry less 
bleeding liability versus conventional anticoagulants—are highly 
targeted therapies, have no renal excretion, and no DDIs, allowing 
for consistent dosing regimens regardless of renal or hepatic status. 
Mechanistic differences among the better studied agents are shown 
in Table 1.

As described earlier, the primary difference between DOACs 
and FXI inhibitors is the potential of the latter to attenuate throm-
bosis without increasing major bleeding risk. Osocimab has been 
studied in phase 2 but has not yet progressed to phase 3. Asundexian 
and milvexian have recently progressed to phase 3, and abelacimab 
is already in phase 3 evaluation for both stroke prevention in AF 
and for treatment of cancer-associated VTEs. Foundational phase 2 
experience with these agents for thromboprophylaxis after total knee 
arthroplasty is summarized in Figure 4.76

EXPERIENCE TO DATE WITH FACTOR XI/XIA-
TARGETED THERAPEUTICS IN ATRIAL FIBRILLATION

Following the roundtable discussion leading to this manu-
script, 2 signal announcements occurred in the development of FXI-
targeted therapeutics in AF. The first was the presentation of early 
results from the phase 2b study of safety and proof-of-concept for 
stroke prevention in the AZALEA-TIMI 71 study (NCT04755283).

Having shown its antithrombotic potential and safety in knee 
arthroplasty,74 abelacimab was studied in AZALEA-TIMI 71 to  
compare its safety with that of rivaroxaban in patients with AF at  
moderate-to-high risk of stroke. The trial was an event-driven, ran-
domized, active-controlled, blinded endpoint, parallel-group study that 
compared 2 blinded doses of abelacimab with open-label rivaroxaban 
on the rate of major or CRNM bleeding. The trial’s Independent Data TA
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Monitoring Committee (IDMC) recommended that the trial end early 
(after 52% of the targeted safety endpoints had occurred) due to the 
“substantially greater than anticipated reduction in major and clinically 
relevant nonmajor bleeds in the abelacimab arms compared to rivarox-
aban and a benefit:risk favoring abelacimab.” Results presented at the 
American Heart Association 2023 Scientific Sessions demonstrated that 
the 150 mg monthly dose of abelacimab, the dose being studied in ongo-
ing phase 3 trials, inhibited FXI activity by 99% (95% CI, 98–99) and 
substantially reduced bleeding compared with rivaroxaban: a 67% (45–
81; P < 0.0001) decrease in major or CRNM bleeding, a 74% (39–89; 
P = 0.002) decrease in major bleeding, and a 93% (50–99; P = 0.008) 
decrease in major gastrointestinal bleeding.82 In addition to stopping the 
trial early, the IDMC recommended that an open-label extension of the 
study be initiated to continue patients on abelacimab or switch patients 
from rivaroxaban to abelacimab.

The data from AZALEA-TIMI 71 lend strong support to the 
safety profile of abelacimab versus DOACs and contribute to vali-
dation of the “FXI hypothesis” that specific inhibition of FXI with 
an agent that essentially mimics the congenital FXI-deficient state 
can provide AF patients with consistent anticoagulation that is safer 
than that provided by a DOAC. The phase 3 LILAC-TIMI 76 trial 
(NCT05712200) is currently enrolling as a placebo-controlled eval-
uation of the effect of abelacimab on the rate of ischemic stroke or 
systemic embolism in high-risk AF patients (age, 65–74 years and 
CHA

2
DS

2
VASc ≥ 5 or age, ≥75 years and CHA

2
DS

2
VASc ≥ 4) who 

have been deemed by their physicians or by their own decision to 
be unsuitable for oral anticoagulation therapy. Therefore, the control 
arm in the LILAC-TIMI 76 trial is placebo, as eligible patients enter 
the study on no ongoing anticoagulation treatment. Positive results 
from LILAC-TIMI 76 would therefore potentially extend the benefits 
of anticoagulation to many of the 40%–60% of patients with AF and 
a CHA

2
DS

2
-VASc score ≥27 who currently are not protected against 

stroke, including those who have been excluded because of bleeding 
history, bleeding concerns, or dynamic issues around adherence, pill 
burden, or DDIs.

The oral small-molecule FXIa inhibitor asundexian was 
studied in the phase 2 PACIFIC-AF trial, a randomized, double- 
blind, dose-finding study in which asundexian (20 mg or 50 mg once 
daily) was compared with apixaban 5 mg twice daily in patients aged 
45 years or older with AF, a CHA

2
DS

2
-VASc score of at least 2 if 

male or at least 3 if female, and increased bleeding risk.83 Ratios of 
incidence proportions for the primary endpoint of major or clinically 
relevant nonmajor bleeding were 0.50 (90% CI, 0.14–1.68) for asun-
dexian 20 mg (3 events), 0.16 (0.01–0.99) for asundexian 50 mg (1 
event), and 0.33 (0.09–0.97) for pooled asundexian (4 events) ver-
sus apixaban (6 events), though the total number of events was quite 
small. The rates of adverse events were similar in the 3 treatment 
groups: 118 (47%) with asundexian 20 mg, 120 (47%) with asundex-
ian 50 mg, and 122 (49%) with apixaban.83

Asundexian (50 mg once daily) was next being studied in the 
phase 3 OCEANIC-AF trial (NCT05643573) compared to apix-
aban. Eligible patients had CHA

2
DS

2
-VASc score ≥3 if male or 

≥4 if female, or CHA
2
DS

2
-VASc score of 2 if male or 3 if female, 

and various enrichment criteria. In November 2023, the IDMC for 
the OCEANIC-AF recommended that the trial be stopped early for 
“inferior efficacy of asundexian versus the control arm.” No addi-
tional details about the OCEANIC-AF trial are available at this 
time. It is notable that in contrast to the development of other FXI 
inhibitors, a phase 2 proof-of-concept efficacy study in total knee 
arthroplasty was not carried out with asundexian. Consequently, the 
correlation between the over 95% FXIa target engagement reported 
with the 50 mg dose of asundexian and clinical outcomes could not 
be assessed in the phase 2 program. It is therefore possible that the 
asundexian dose used in OCEANIC-AF was too low. In support 
of this possibility, the ongoing phase 3 LIBREXIA-AF trial (NCT 
05757869), which is comparing milvexian with apixaban, is eval-
uating a milvexian dose of 100 mg twice daily, a dose that is 4-fold 
higher than the dose of asundexian used in OCEANIC-AF.84 In con-
trast, abelacimab provides the most potent inhibition of FXI because 
it blocks FXIa generation rather than inhibiting FXIa activity. The 
safety of long-term FXI inhibition with abelacimab relative to rivar-
oxaban was revealed in the AZALEA-TIMI 71 trial. The results of 
the ongoing LIBREXIA-AF and LILAC-TIMI 76 trials will provide 
information on the efficacy of FXI inhibition for stroke prevention 
in AF.

It is noteworthy that the same IDMC that recommended clos-
ing OCEANIC-AF for inferior efficacy of asundexian versus apix-
aban in AF has recommended that OCEANIC-Stroke trial continue 
enrollment. That study (NCT05686070) is evaluating the same dose 
of asundexian but in a different setting—secondary prevention of 

FIGURE 4.  Meta-analysis of phase 2 studies comparing FXI inhibitors with enoxaparin in total knee replacement. Adapted from 
Front Cardiovasc Med 2022;9:903029.76
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noncardioembolic stroke or high-risk transient ischemic attack 
within 7 days of acute event, and with a different comparator (pla-
cebo) and as add-on antithrombotic therapy, as most patients will 
also receive antiplatelet agents.

EXPERT PANEL SUMMARY: OPTIMISM FOR THE 
FUTURE

Stroke prevention in AF has advanced dramatically over the 
past 5 decades, but large gaps in stroke prevention care remain. Both 
registry and claims data have consistently demonstrated that approx-
imately 40%–60% of patients with AF and a guideline-based indica-
tion for stroke prevention (CHA

2
DS

2
-VASc of ≥2) are not adequately 

treated with OACs.7

The panel discussed the many reasons for this sobering real-
ity, including pharmacokinetics, DDIs, bleed risk, underprescribing, 
underdosing, provider and patient education, and several social and 
health system considerations, as the leading reasons why (Fig. 5).

However, an improved understanding of the coagulation 
cascade and the differentiation of the hemostatic and thrombotic 
pathways offers a pathophysiologic basis for optimism about a 
FXI-targeted approach to chronic anticoagulation. Despite the 
current challenges with existing therapies, the authors remain 
optimistic that FXI-targeted therapies will address many of the 
limitations of DOACs, just as DOACs addressed many of the 
limitations of VKA therapy. The ongoing phase 3 trials with FXI 
inhibitors in AF and in other conditions requiring anticoagulation 
an opportunity to advance the care of patients in need of highly 
effective, but safer options.

“The upcoming decade may witness advances in antico-
agulant therapy beyond those achieved with the DOACs. 
Success in targeting FXI could herald an end to the more 
than 70-year stronghold of thrombin and FXa as targets 
for anticoagulants.”
—James C. Fredenburgh and Jeffrey I. Weitz11
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