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The direct oral anticoagulants (DOACs) are a novel class of drugs that have shifted the 

paradigm for anticoagulation. DOACs largely obviate the need for laboratory monitoring 

and are prescribed at pre-specified doses for varying indications including venous 

thromboembolism (VTE) treatment, VTE prevention, and stroke prophylaxis for non-

valvular atrial fibrillation. It is unclear if the current fixed dosing strategy can be improved 

by measuring DOAC levels in selected populations.

The available DOACs have shown both inter-individual and intra-individual 

pharmacokinetic variability [1–4]. Even less predictable drug concentrations have been 

associated with advanced age, renal insufficiency, and body weight extremes [5–7]. All of 

the approved DOACs are substrates of P-glycoprotein, an important mediator of drug 

interactions. In addition, both rivaroxaban and apixaban—the two commonly used DOACs

—are dependent on the cytochrome P450 enzyme [8]. Thus, concomitant use of medications 

that, for example, inhibit both the Pglycoprotein and cytochrome P450 systems could 

increase the plasma level of a DOAC. Finally, there is uncertainty about whether conditions 

associated with gastrointestinal malabsorption, such as bariatric surgery, may affect DOAC 

levels [9–10].

While multiple patient characteristics impact the pharmacodynamics and pharmacokinetics 

of DOACs, there are no established therapeutic ranges to guide dosing. That 

notwithstanding, there is growing evidence that monitoring drug levels could be informative, 

and perhaps clinically actionable. In a prospective study of 565 patients with atrial 

fibrillation and newly initiated on a DOAC, patients were subdivided into quartiles based on 

trough levels. Although underpowered with a relatively low number of events, the lowest 

quartile of drug levels appeared to correlate with a higher risk of thromboembolic events 

[11]. Secondary analysis of the ENGAGE-AF data revealed that increasing edoxaban 

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. https://www.springer.com/aam-
terms-v1

Address for correspondence: rdiep@uw.edu. 

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of an unedited peer-reviewed manuscript that has been 
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept 
up to date and so may therefore differ from this version.

Conflicts of interest/Competing interests (include appropriate disclosures) No disclosures or conflicts of interest to report.

HHS Public Access
Author manuscript
J Thromb Thrombolysis. Author manuscript; available in PMC 2021 July 01.

Published in final edited form as:
J Thromb Thrombolysis. 2020 July ; 50(1): 30–32. doi:10.1007/s11239-020-02119-2.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.springer.com/aam-terms-v1
https://www.springer.com/aam-terms-v1


concentration associated with both a gradual decrease in the risk of stroke or systemic 

embolic events as well as a steep increase in the risk of major bleeding [12]. Further 

subgroup analysis also demonstrated an association between higher creatinine clearance, 

lower trough edoxaban values, and less efficacy to prevent arterial thromboembolism [13]. 

In the RE-LY trial for patients with atrial fibrillation on dabigatran, plasma concentrations 

correlated with ischemic stroke and bleeding outcomes, with age being the most important 

covariate [14]. Likewise, the anti-factor Xa activity (anti-Xa) has also been evaluated as a 

surrogate marker for clinically important outcomes. A post hoc analysis of the AVERROES 

pharmacokinetic substudy displayed a relationship between minor bleeding and anti-factor 

Xa activity. Among patients in the lowest decile of anti-Xa activity, a significantly greater 

risk of stroke was observed compared to those patients with higher anti-Xa activity [15]. In 

acute stroke patients, one prospective study found early initiation of rivaroxaban or apixaban 

had the highest likelihood of hemorrhagic complications in patients with high anti-Xa 

troughs and peaks [16]. In a separate prospective study, women who experienced mucosal 

bleeding were found to have higher rivaroxaban doses (per kilogram) and higher anti-Xa 

levels than non-bleeders [17].

We commend the authors of the three original articles on model-predicted rivaroxaban 

exposure published in this edition of Journal of Thrombosis and Thrombolysis. In short, the 

authors performed post hoc exposure–response analyses of data from the landmark trials 

involving rivaroxaban in the treatment of VTE (EINSTEIN), prevention of VTE 

(RECORD), and prophylaxis in atrial fibrillation (ROCKET-AF). In the absence of 

measured rivaroxaban drug levels, the authors predicted individual rivaroxaban exposures by 

relying on prothrombin time (PT) to enhance an established integrated population 

pharmacokinetic model. These PT measurements were performed in central laboratories 

with a rivaroxaban-sensitive assay [18]. The overarching consensus from these studies was 

that the relationship between predicted rivaroxaban exposure and either efficacy or safety 

was quite “shallow,” implying a lack of clinical utility for routine rivaroxaban monitoring. 

However, there were interesting findings in the subgroup analyses that are worth 

expounding.

In regard to bleeding and safety across these rivaroxaban-related data sets, concentration 

troughs greater than or equal to the 95th percentile were associated with a higher risk of 

major or non-major clinical bleeding. Overall, the absolute risk differences were small. But 

in the interpolation of the ROCKET-AF data, among the subgroup of patients with a history 

of gastrointestinal bleeding, persons with a trough concentration in the median versus the 

95th percentile were predicted to have a 5.1% versus 6.9% risk of major bleeding at one 

year. While this difference may or may not be large enough to justify measurement of 

rivaroxaban levels in patients with a history of gastrointestinal bleeding, confirmation of a 

relationship between drug exposure and outcomes is a critical step to assess the possible 

value of drug monitoring.

Nevertheless, other studies have been unable to find nor demonstrate a clear relationship 

between drug exposure and outcomes. These conflicting results can even be seen in the same 

exposure analysis of the ROCKET-AF data, in which higher rates of stroke or systemic 

embolism were observed in the subgroup with prior history of stroke or myocardial 
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infarction, but there was little or no relationship between predicted rivaroxaban 

concentration and the risk of arterial thromboembolism. In similar modeling methodology, 

but instead to predict exposure levels of prophylactic apixaban in the setting of orthopedic 

surgery, 100% and 200% increases in apixaban exposure were associated with clinically 

negligible changes to bleeding frequencies [19]. In the ARISTOTLE trial, apixaban drug 

concentrations were expectedly lower at the 2.5 mg versus 5 mg twice daily dosing, but the 

coagulation biomarkers, mortality, and bleeding were consistent across both dosing 

populations [20]. Across the EINSTEIN and ROCKET-AF data, there was an association 

between creatinine clearance less than 50 mL/min and a higher risk of recurrent VTE or 

other embolic events. This finding of higher thrombosis (but not bleeding) rates in patients 

with moderate or severe renal impairment (who, if anything, should have higher drug 

concentrations) has been seen in other settings [21]; it is an association that highlights the 

difficulty of confirming or excluding causal relationships between drug exposure and the 

risk of adverse outcomes.

These interesting model-predicted rivaroxaban exposure studies, although elegant in design, 

do have limitations. As discussed by the authors, the dearth of actual pharmacokinetic data 

from these trials, along with the low event rates, preclude definitive conclusions about 

whether drug exposure might, especially at the extremes, correlate with the risk of adverse 

outcomes. The predicted exposure model does assume a linear relationship between 

rivaroxaban and the prolongation of the PT [18], and the degree to which this modeling 

reflects actual measured rivaroxaban plasma levels is not known. The use of PT prolongation 

as a surrogate for rivaroxaban drug levels may be problematic because PT can be affected by 

other processes [22]. While the adjustments for confounding were commendable, it is 

unlikely that they fully account for the impact of different patient characteristics on outcome 

rates.

In summary, the work in these predictive models for rivaroxaban exposure support the 

dogma that generalized, routine DOAC monitoring is unnecessary across various 

indications. That being said, it is clear that efficacy and safety outcomes are associated with 

drug level extremes as well as with selected patient characteristics, such as advanced age, 

body weight extremes, or renal impairment. Indeed, the data from these rivaroxaban 

exposure-analyses fall short of disproving the hypothesis that very high or very low drug 

levels might be associated with important increases in bleeding or thrombosis risk. However, 

even if such a hypothesis were proven correct, no guidance exists as to how a provider 

would respond to an outlier drug level in a particular patient. One concern would be that, 

given the significant inter- and intra-patient variability in DOAC levels observed in other 

studies [1–4], clinicians would not know which values to act upon. For a patient who had 

consistently very high or very low drug levels, a different anticoagulant may be considered. 

But could we be certain the risk-benefit tradeoffs would be better after such a switch? In the 

absence of an evidence-based approach that incorporates laboratory measurements of DOAC 

effect, clinicians must—especially when treating patients with risk factors for major 

bleeding (e.g. renal insufficiency, anemia, and concomitant antiplatelet therapy)—continue 

to carefully weigh the risks and benefits of any anticoagulant therapy.
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