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Abstract
Apixaban is an oral, direct factor Xa inhibitor that inhibits both free and clot-bound factor Xa, and has been approved for 
clinical use in several thromboembolic disorders, including reduction of stroke risk in non-valvular atrial fibrillation, throm-
boprophylaxis following hip or knee replacement surgery, the treatment of deep vein thrombosis or pulmonary embolism, 
and prevention of recurrent deep vein thrombosis and pulmonary embolism. The absolute oral bioavailability of apixaban 
is ~ 50%. Food does not have a clinically meaningful impact on the bioavailability. Apixaban exposure increases dose pro-
portionally for oral doses up to 10 mg. Apixaban is rapidly absorbed, with maximum concentration occurring 3–4 h after 
oral administration, and has a half-life of approximately 12 h. Elimination occurs via multiple pathways including metabo-
lism, biliary excretion, and direct intestinal excretion, with approximately 27% of total apixaban clearance occurring via 
renal excretion. The pharmacokinetics of apixaban are consistent across a broad range of patients, and apixaban has limited 
clinically relevant interactions with most commonly prescribed medications, allowing for fixed dosages without the need 
for therapeutic drug monitoring. The pharmacodynamic effect of apixaban is closely correlated with apixaban plasma con-
centration. This review provides a summary of the pharmacokinetic, pharmacodynamic, biopharmaceutical, and drug–drug 
interaction profiles of apixaban. Additionally, the population-pharmacokinetic analyses of apixaban in both healthy subjects 
and in the target patient populations are discussed.

Key Points 

Apixaban, a direct factor Xa inhibitor, has predictable 
pharmacokinetic and pharmacodynamic properties that 
are consistent across a wide range of patients, including 
the elderly and those with moderate renal impairment.

The fast onset of action, low potential for food or drug 
interactions, and lack of requirement for routine moni-
toring during clinical use make apixaban a potentially 
useful option to simplify anticoagulation treatment.

1  Introduction

Warfarin and other vitamin K antagonists (VKAs) are highly 
effective oral anticoagulants but are limited by a narrow 
therapeutic window, drug and food interactions, and the 
requirement for frequent monitoring [1, 2]. Direct oral anti-
coagulants including dabigatran (a direct thrombin inhibitor) 
and the direct factor Xa (FXa) inhibitors including rivaroxa-
ban, apixaban, edoxaban, and betrixaban, have been devel-
oped to overcome some of the limitations associated with 
VKAs allowing fixed dosages without routine therapeutic 
monitoring.

Apixaban is a direct FXa inhibitor that has been approved 
in many countries for several indications [3, 4]. The results 
of the key phase III clinical trials supporting its approval 
demonstrated that apixaban is an important alternative to 
existing anticoagulant therapies, such as VKAs or aspi-
rin or low-molecular-weight heparin (LMWH), with an 
improved benefit–risk profile. In patients with nonvalvu-
lar atrial fibrillation (NVAF), apixaban 5 mg twice daily 
(BID) significantly reduced the risk of stroke or systemic 
embolism by 21%, major bleeding by 31%, and death by 
11% compared with warfarin [5]. Similarly, in patients with 
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NVAF for whom VKA therapy had failed or was consid-
ered unsuitable, apixaban reduced the risk of stroke or emic 
embolism by > 50% compared with aspirin without a sig-
nificant increase in the risk of major bleeding [6]. Apixaban 
2.5 mg BID demonstrated superior efficacy to enoxaparin 
40 mg once daily (QD) and numerically similar efficacy to 
enoxaparin 30 mg BID (non-inferiority criteria were not 
met) without increasing major bleeding events for prophy-
laxis against venous thromboembolism (VTE) in patients 
undergoing knee or hip replacement surgery [7–9]. Further-
more, compared with enoxaparin 1 mg/kg BID followed by 
VKA, apixaban (10 mg BID for 7 days followed by 5 mg 
BID for 6 months) demonstrated non-inferior efficacy for 
the treatment of VTE, but with a significantly lower risk of 
major bleeding (a 69% reduction) [10]. After completion of 
initial treatment for VTE, extended anticoagulation with the 
approved dose of apixaban 2.5 mg BID significantly reduced 
the risk of recurrent VTE compared with placebo, without 
increasing major bleeding [11]. This review summarizes the 
pharmacokinetic (PK)/pharmacodynamic (PD), biopharma-
ceutical, and drug–drug interaction profiles of apixaban as 
well as the potential clinical implications in patients based 
on a large global clinical development program.

2 � Chemical and Physicochemical Properties

Apixaban, 1-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperi-
din-1-yl)phenyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyr-
idine-3-carboxamide (Fig. 1), is a structurally novel neutral 
bi-cyclic pyrazole with a molecular weight of 459.5 g/mol, 
aqueous solubility of 40–50 μg/mL, and Caco-2 permeabil-
ity value of 0.9 × 10−6 cm/s [12].

2.1 � Mode of Action

Apixaban is a potent, direct, oral, reversible, and highly 
selective inhibitor of FXa (inhibitory constant = 0.08 nM 
[0.037 ng/mL] at 25  °C) [12, 13] that does not require 
antithrombin III for antithrombotic activity [14]. Apixaban 
inhibits free and clot-bound FXa, as well as prothrombi-
nase activity, which inhibits clot growth [15]. By inhibiting 
FXa, apixaban decreases thrombin generation and thrombus 
development. It has no direct effect on platelet aggregation, 
but indirectly inhibits platelet aggregation induced by throm-
bin [16]. In a rabbit arteriovenous shunt thrombosis model, 
apixaban inhibited thrombus formation in a dose-dependent 
manner (half maximal inhibitory concentration = 329 nM) 
[12].

3 � Pharmacokinetic Properties

A summary of the absorption, distribution, metabolism, and 
elimination of apixaban is shown in Fig. 2 [4, 17–19]. The 
PK properties of apixaban following single- or multiple-dose 
administration are summarized in Tables 1, 2. Apixaban 
concentration was determined using a validated liquid chro-
matography-tandem mass spectroscopy method [20]. Blood 
samples were citrated and were stored frozen at − 20 °C 
until they were analyzed. Intra- and inter-assay precision 
values for replicate quality-control samples were ≤ 5.36%. 
The lower limit of quantification for apixaban is 1 ng/mL 
with a dynamic range of 1.00–1000 ng/mL.

3.1 � Absorption, Bioavailability, 
and Biopharmaceutical Profile

The maximum plasma concentration (Cmax) of apixaban 
occurs 3–4 h after oral administration [17, 21]. The absorp-
tion of apixaban appears to occur primarily in the small 
intestine and decreases progressively throughout the gastro-
intestinal tract [22]. Compared with oral administration, the 
bioavailability of 2.5 mg of apixaban solution was approxi-
mately 60% and 84% lower when released in the distal small 
bowel and ascending colon, respectively [22]. For oral 
doses up to 10 mg, the absolute bioavailability of apixaban 
is ~ 50% [23, 24], resulting from the incomplete absorption 
[18] and first-pass metabolism in the gut and liver [25, 26].

Food does not have a clinically significant effect on 
the bioavailability of apixaban. Apixaban exposure fol-
lowing administration of 10 mg of apixaban with food 
(high-fat, high-calorie meal) was similar to apixaban expo-
sure when administered in the fasting state, with geomet-
ric mean ratios (fed/fasted) for Cmax and area under the 
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Fig. 1   Chemical structure of apixaban
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concentration–time curve from time zero to infinity (AUC​
0–∞) [90% confidence interval (CI)] of 1.10 (1.004, 1.197) 
and 1.04 (1.004, 1.086) [17]. In another study using the 
apixaban commercial 5-mg tablet, administration with a 
high-fat, high-calorie meal reduced apixaban Cmax and 
AUC​0–∞ by 14.9% and 20.1%, respectively [27]. The expo-
sure reduction was considered not clinically significant.

Several alternatives for administering apixaban were also 
studied. When 10 mg of apixaban (2 × 5-mg tablets) was 
crushed and suspended in 30 mL of water, Cmax and AUC​
0–∞ met bioequivalence criteria compared with adminis-
tration of whole tablets [27]. When apixaban was crushed 
and mixed with 30 g of applesauce, Cmax and AUC​0–∞ 
decreased by 21.1% and 16.4%, respectively. Administra-
tion of an apixaban 5-mg crushed tablet via nasogastric tube 

Volume of distribution
Vss ~21 L

Metabolism
• Unchanged apixaban is the major drug-related 

component in human plasma 
• ~25% of dose recovered in the urine and feces as 

metabolites 
• Mainly metabolized by CYP3A4 with minor 

contributions from CYP1A2, 2C8, 2C9, 2C19, and 2J2 

Bioavailability
• Absolute oral bioavailability is ~50% for doses up to 10 mg
• Food does not affect bioavailability in a clinically 

meaningful way 

In feces*
• 56% of apixaban dose (60.7% was unchanged apixaban)

Binding
Plasma protein binding is 87% 

Clearance
• Total plasma clearance ~3.3 L/hour after IV administration
• Renal excretion accounts for ~27% of total plasma 

clearance after IV administration
• Apparent elimination half-life ~12 hours 

In urine*
24.5% of apixaban dose (87.7% was unchanged apixaban)

Fig. 2   Absorption, distribution, metabolism, and elimination of apixaban [3, 4, 17–19]. *Data from subjects following oral administration with-
out bile collection. CYP cytochrome P450, Vss volume of distribution at steady state

Table 1   Apixaban 
pharmacokinetic parameters 
following a single-dose 
administration [17] Reproduced 
with premission from Frost 
et al. Br J Clin Pharmacol. 
2013;75:476–87

AUC​0–∞ area under the plasma concentration–time curve from time zero extrapolated to infinity, AUC​0–t 
area under the plasma concentration–time curve from time zero to time of the last observed concentration, 
Cmax maximum plasma concentration, CV  % percentage coefficient of variance, GM geometric mean, h 
hours, SD standard deviation, t1/2 plasma terminal half-life, Tmax time to Cmax
a The summary statistics for t1⁄2 in the 25-mg panel were calculated using data from all six subjects, includ-
ing one subject in whom the calculated t1⁄2 exceeded 95 h

Dose (mg) n Cmax (ng/mL)
GM (CV %)

AUC​0–∞ (ng·h/mL),
GM (CV %)

AUC​0–t 
(ng·h/mL)
GM (CV %)

Tmax (h)
Median (min, max)

t1/2 (h)
Mean (SD)

Single-ascending-dose study
Oral solution
0.5 6 9.1 (20) 61.9 (16) 52.7 (23) 1.5 (1.0, 4.0) 3.6 (1.1)
1.0 6 23.5 (35) 174.4 (31) 162.6 (33) 1.8 (1.0, 3.0) 4.3 (1.6)
2.5 6 52.5 (35) 437.5 (41) 421.1 (42) 1.5 (1.0, 3.0) 6.8 (2.0)
Oral tablet
5 6 104.7 (25) 1016.6 (37) 976.6 (36) 3.3 (2.5, 4.0) 15.2 (8.5)
10 6 176.3 (42) 1303.6 (40) 1266.5 (38) 3.0 (2.0, 4.0) 11.1 (5.8)
25 6 365.1 (17) 4010.0 (19) 3868.9 (22) 3.0 (2.5, 4.0) 26.8a (33.7)
50 7 685.2 (22) 7556.5 (25) 7096.7 (23) 2.5 (2.0, 4.0) 19.7 (15.3)
Food effect study, oral tablet
10 fasted 21 150.8 (28) 1789.0 (31) 1762.2 (32) 3.0 (1.5, 6.0) 11.5 (4.3)
10 fed 21 165.0 (18) 1867.8 (30) 1811.5 (30) 4.0 (1.0, 9.0) 11.3 (2.9)
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(NGT) resulted in exposure (Cmax and AUC​0–∞) equivalent 
to that obtained after administration of 5 mg of apixaban as 
a solution (12.5 mL × 0.4 mg/mL) via an oral syringe [28]. 
An apixaban solution formulation is being investigated for 
use in patients unable to swallow oral dosage forms [28, 
29], such as certain hospitalized patients and children in 
ongoing pediatric studies. Oral administration of apixaban 
solution resulted in exposure (AUC​0–∞) equivalent to that 
obtained following administration of apixaban tablets [28]. 
The bioavailability of apixaban solution administered via 
NGT and flushed with 5% dextrose in water or infant for-
mula (Similac®; Abbott Laboratories, Abbott Park, IL, USA) 
was found to be generally comparable: bioequivalent with 
5% dextrose in water and 19% lower Cmax and 8% lower 
AUC​0–∞ with infant formula to that of apixaban solution 
administered orally. These results suggest both 5% dextrose 
in water and infant formula could be used to flush apixaban 
solution through an NGT [28]. In addition, administration 
of apixaban solution via NGT in the presence of a liquid 
meal challenge with BoostPlus® (Nestlé HealthCare Nutri-
tion, Fremont, MI, USA) resulted in a modest reduction in 
apixaban exposure (Cmax and AUC​0–∞ values 32% and 19% 
lower, respectively), compared with the corresponding val-
ues observed after administration of apixaban solution via an 
oral syringe [28]. These results support several alternatives 
for administering apixaban that maintain exposure similar 
to that of intact oral tablets [28].

3.2 � Protein Binding and Distribution

The in vitro plasma protein binding of apixaban in humans 
is approximately 87% and it is predominantly bound to albu-
min [30]. When studied in subjects administered apixaban, 
protein binding was ~ 93% in healthy subjects and compa-
rable in subjects with end-stage renal disease (ESRD; cre-
atinine clearance [CrCl] < 15 mL/min) and in subjects with 
mild-to-moderate hepatic impairment, suggesting that pro-
tein binding was not altered by ESRD or mild-to-moderate 
hepatic impairment [31, 32].

The volume of distribution is approximately 21 L, sug-
gesting distribution mainly into extracellular fluid, which 
comprises vascular and interstitial fluid [3, 4, 23, 24]. The 
blood to plasma ratio of apixaban is 0.9:1 in humans, sug-
gesting that apixaban is uniformly distributed between 
plasma and red blood cells [16]. It is unknown whether 
apixaban or its metabolites are excreted in human breast 
milk. A tissue distribution study in rats showed that apixaban 
was excreted in milk (~ 10% of the maternal dose) [33]. The 
milk to plasma AUC​0–∞ ratio in rats was 30:1, indicating that 
apixaban can accumulate in milk.

3.3 � Metabolism and Elimination

Total plasma clearance of apixaban is ~ 3.3 L/h and 
renal clearance is ~ 0.9 L/h (~ 27% of total clearance), as 

Table 2   Apixaban pharmacokinetic parameters following a single- and multiple-dose (days 1 and 7) administration [21] Reproduced with per-
mission from Frost et al. Br J Clin Pharmacol. 2013;76:776–86

AI accumulation index, AUC​tau area under the plasma concentration–time curve from time zero to the time of last measureable concentration, 
BID twice daily, Cmax maximum plasma concentration, Cmin minimum plasma concentration, CV % percentage coefficient of variance, GM geo-
metric mean, h hours, QD once daily, SD standard deviation, t1/2 plasma terminal half-life, Tmax time to Cmax
a Cmin defined as apixaban concentration 12 or 24 h after morning dosing for BID or QD regimens, respectively
b tau = 12 h for BID panels and 24 h for QD panels

Apixaban dose 
(mg) and regimen

Cmax (ng/mL),
GM (CV %)

Cmin
a (ng/mL),

GM (CV %)
AUC​tau

b (ng·h/
mL),
GM (CV %)

Tmax (h),
median (min, 
max)

AI,
GM (CV %)

t1/2 (h),
mean (SD)

Day 1
2.5 BID (n = 6) 51.0 (27) 14.2 (53) 353.3 (25) 3.5 (2.0, 12.0) – –
5 BID (n = 6) 81.9 (18) 25.3 (20) 600.6 (20) 3.5 (3.0, 6.0) – –
10 BID (n = 6) 226.2 (38) 72.7 (27) 1608.3 (30) 4.0 (2.0, 4.0) – –
25 BID (n = 6) 425.3 (24) 129.0 (33) 3108.6 (25) 3.5 (2.0, 4.0) – –
10 QD (n = 6) 178.4 (19) 14.5 (27) 1589.6 (20) 4.0 (3.0, 4.0) – –
25 QD (n = 6) 310.0 (12) 36.5 (31) 2868.1 (7) 4.0 (2.0, 6.0) – –
Day 7
2.5 BID (n = 5) 62.3 (37) 21.0 (17) 462.8 (35) 3.0 (3.0, 9.0) 1.3 (18) 8.1 (1.8)
5 BID (n = 6) 128.5 (10) 49.6 (20) 1051.9 (9) 4.0 (2.0, 4.0) 1.8 (22) 11.7 (3.3)
10 BID (n = 6) 329.8 (45) 103.8 (57) 2424.9 (47) 3.0 (2.0, 4.0) 1.5 (33) 10.9 (2.9)
25 BID (n = 6) 716.6 (21) 281.1 (38) 5850.3 (16) 3.5 (1.0, 4.0) 1.9 (17) 15.2 (7.2)
10 QD (n = 6) 201.4 (15) 26.8 (43) 2015.7 (16) 3.5 (3.0, 4.0) 1.3 (23) 14.9 (7.2)
25 QD (n = 6) 428.9 (20) 55.3 (33) 4248.3 (19) 3.0 (2.0, 4.0) 1.5 (17) 15.3 (4.3)
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determined by two intravenous (IV) studies [3, 4, 23, 24]. 
The apparent elimination half-life (t1/2) is ~ 12 h [17, 21, 
34–36]. Elimination involves multiple pathways, including 
metabolism as well as biliary and renal elimination of the 
unchanged parent compound and direct intestinal excretion 
[18, 37]. Apixaban is not a high-extraction-ratio drug.

The metabolic pathways for apixaban include O-demeth-
ylation, hydroxylation, and sulfation of hydroxylated O-dem-
ethyl apixaban [18], with metabolism primarily occurring 
via cytochrome P450 (CYP) 3A4/5, with minor contribu-
tions from CYP1A2, CYP2C8, CYP2C9, CYP2C19, and 
CYP2J2 [25]. After an oral dose of apixaban, unchanged 
apixaban is the major drug-related component in human 
plasma with no active circulating metabolites present [18]. 
When a 20-mg radiolabeled dose was administered orally, 
56.0% of the dose was recovered in feces and 24.5% was 
eliminated in urine and unchanged apixaban was the major 
component in both feces (60.7%) and urine (87.7%). When 
bile was collected following administration of the 20-mg 
dose, the recovery was 46.7% in feces and 28.8% in urine. 
The radioactivity identified in biliary excreta during a 5-h 
collection window was approximately 5% of total radioac-
tivity recovery, suggesting that biliary excretion is a minor 
pathway of elimination and that fecal recovery consisted of 
both absorbed and unabsorbed drug because the fecal recov-
ery of total radioactivity was larger than that seen in bile.

In experiments conducted in bile duct cannulated rats 
and dogs, 20–50% of an IV dose of apixaban was excreted 
fecally, which identified direct intestinal excretion as a con-
tributor to apixaban elimination [26]. The direct intestinal 
excretion appears to play a role in humans as well. In an 
open-label, randomized, crossover study in which subjects 
were administered activated charcoal either 2 or 6 h after 
a single oral dose of apixaban 20 mg, the results showed 
that apixaban terminal t1/2 was reduced from 13.4 h to 

approximately 5 h while there was little effect on peak apixa-
ban plasma concentrations [37]. This increased elimination 
of apixaban by activated charcoal may be due to adsorp-
tion of unabsorbed apixaban and interruption of apixaban 
reabsorption after biliary and/or direct intestinal excretion.

The total and renal elimination of apixaban were char-
acterized in two IV studies including 50 healthy subjects 
administered a single IV dose of apixaban (0.5–5 mg) [23, 
24]. In these studies, apixaban renal clearance was 27% of 
total clearance on average.

3.4 � Dose Proportionality and Time Dependency

Apixaban exposure increases proportionally with doses 
up to 10 mg, but at doses ≥ 25 mg, less-than-proportional 
increases are observed, likely due to dissolution-limited bio-
availability [17, 34, 38]. The dose-proportionality analysis 
showed that apixaban exposure increased proportionally 
to dose across the approved dose range (2.5–10 mg) [34]. 
Exposure was less than proportional for doses greater than 
10 mg; this appeared to be driven by the less-than-propor-
tional increases in exposure following administration of 
the 25- and 50-mg doses. Dose proportionality was further 
assessed across 2.5–10 mg using single-dose PK data from 
17 phase I studies (data on file). This analysis showed that 
both Cmax and AUC​0–∞ showed a dose-proportional increase 
across the 2.5- to 10-mg dose range.

There is no time dependency in apixaban pharmacoki-
netics and single-dose data predict multiple-dose pharma-
cokinetics. Following BID doses of apixaban, steady-state 
concentrations were reached by day 3, consistent with the 
apparent elimination t1/2 of 12 h, as illustrated in Fig. 3 [21]. 
Apixaban showed a modest accumulation (less than two 

Fig. 3   Mean (+ standard 
deviation) plasma apixaban 
concentration vs. time profiles 
on days 1 and 7 [21]. Repro-
duced with permission from 
Frost et al. Br J Clin Pharmacol. 
2013;76:776–86
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fold) with BID dosing consistent with the apparent elimina-
tion t1/2.

4 � Pharmacokinetic Effects of Intrinsic 
Factors in Special Populations

The effects of intrinsic factors on the pharmacokinetics of 
apixaban from phase I studies in special populations are 
described below, and selected results are summarized in 
Fig. 4.

4.1 � Age

A study in healthy male and female subjects, aged either 
18–40 years (young) or 65–79 years (elderly), found that 
the Cmax of apixaban was similar in both age groups but 
the AUC​0–∞ was 32% higher in the elderly subjects [39]. 
The study showed a direct relationship between apixaban 

clearance and creatinine clearance, suggesting that renal 
function may have contributed to the differences in apixaban 
exposures between groups. Population-PK analyses using 
intensive PK data collected in phase I studies and sparse 
PK data from phase II and III studies for each approved 
indication showed that age alone had a small impact on 
apixaban exposure [40–42]. In NVAF, for example, 80- and 
40-year-old subjects are predicted to have 5% higher and 
11.5% lower daily AUC values at steady state, respectively, 
compared with a reference 65-year-old subject. In addition, 
results from sub-analyses of phase III trials with apixaban 
found that age did not affect the benefit–risk profile of apixa-
ban [10, 11, 43–45], and therefore no dose adjustment of 
apixaban is required based on age alone [3, 4].

4.2 � Sex

In the study of healthy subjects that evaluated age, Cmax 
and AUC​0–∞ of apixaban were approximately 18% and 15% 
higher in female than in male subjects. This difference in 
exposure is considered modest and unlikely to be clini-
cally significant [39]. Population-PK analyses also showed 
a < 20% increase in apixaban daily exposure in female versus 
male subjects for approved indications [40–42]. Further, no 
meaningful differences were seen between male and female 
subjects in the primary efficacy or safety outcomes in the 
key phase III trials for apixaban [5, 6, 10, 11, 44]. No dose 
adjustment of apixaban is required based on sex [3, 4].

4.3 � Body Weight

In healthy subjects, those with low body weight (≤ 50 kg) 
had approximately 27% and 20% higher apixaban Cmax and 
AUC​0–∞, respectively, compared with the reference body 
weight group (65–85 kg) [46]. Conversely, those with a high 
body weight (≥ 120 kg) had approximately 31% and 23% 
lower apixaban Cmax and AUC​0–∞, respectively, compared 
with the reference group [46]. Apixaban renal clearance 
was similar across weight groups [46]. In addition, popu-
lation-PK analyses showed that body weight explained the 
between-subject variability for apparent volume of distri-
bution and the effect was less than proportional [40–42]. 
Results from subanalyses of phase III trials with apixaban 
found that body weight did not affect the benefit–risk profile 
of apixaban [10, 11, 47] and no dose adjustment is required 
based on body weight alone [3, 4].

4.4 � Race

In healthy subjects, pharmacokinetics in Asian (Japanese 
and Chinese) subjects were similar to pharmacokinetics in 
non-Asian subjects [34–36]. Population-PK analyses showed 
that Asian subjects with NVAF or VTE had a 13.5% and 
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Fig. 4   Effect of intrinsic factors on the pharmacokinetics of apixaban 
[4]. *Subjects with end-stage renal disease (ESRD) treated with inter-
mittent hemodialysis; reported pharmacokinetic (PK) findings are 
following a single dose of apixaban post-hemodialysis. †Creatinine 
clearance (CrCl) > 80 mL/min. ‡Severe, moderate, mild, and normal 
reflect CrCl of 15 mL/min, 40 mL/min, 65 mL/min, and 100 mL/min 
based on regression analyses. AUC​ area under the plasma concentra-
tion–time curve, CI confidence interval, Cmax maximum plasma con-
centration. Reproduced with permission from Eliquis (apixaban) US 
prescribing information
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20.2% increase in apixaban AUC, respectively; however, this 
difference was not considered clinically meaningful [41, 42]. 
Polymorphisms of CYP3A5 and P-glycoprotein (P-gp) have 
been suggested as contributing factors to ethnic differences 
in apixaban pharmacokinetics [48, 49]. Results from suba-
nalyses of phase III trials with apixaban found that race did 
not affect the benefit–risk profile of apixaban [50]. No dose 
adjustment is required based on race or ethnicity [3, 4].

4.5 � Renal Impairment

Consistent with the limited contribution of renal clearance 
to the overall clearance of apixaban (~ 27%), the impact of 
renal impairment on apixaban exposure was modest. Renal 
impairment showed no effect on apixaban Cmax. The regres-
sion analysis of AUC​0–∞ vs. CrCl showed that in subjects 
with mild (CrCl of 65 mL/min), moderate (40 mL/min), and 
severe (15 mL/min) renal impairment, apixaban AUC​0–∞ 
increased by 16%, 29%, and 44%, respectively, compared 
with healthy subjects with normal renal function (CrCl of 
100 mL/min) [51]. Population-PK analyses showed consist-
ent results [40–42]. For example, NVAF subjects with mild, 
moderate, and severe renal impairment are estimated to have 
approximately 9%, 28%, and 55% higher daily AUC values 
at steady state, respectively, compared with subjects with 
normal renal function. In subjects with ESRD maintained 
on dialysis, apixaban AUC​0–∞ following administration after 
completion of a dialysis session was 36% higher than that in 
healthy subjects with normal renal function. Hemodialysis 
was associated with a reduction in apixaban exposure of 
approximately 14% [31].

The limited renal contribution to apixaban elimination 
and the modest increase in apixaban exposure in subjects 
with ESRD undergoing hemodialysis suggest that, from a 
PK perspective, apixaban could be used without dose modi-
fication in these patients. However, it is important to note 
that subjects with severe renal impairment (CrCl < 30 mL/
min in VTE prevention orthopedic studies or CrCl < 25 mL/
min in NVAF and VTE treatment studies) or ESRD main-
tained on hemodialysis were excluded in clinical efficacy 
and safety studies of apixaban. Limited clinical outcomes 
data indicate that the benefit–risk profile of apixaban appears 
to be maintained in the presence of severe renal impairment: 
those randomized to apixaban experienced lower bleeding 
rates compared with warfarin among 269 subjects with 
NVAF who had CrCl 25 to < 30 mL/min in the phase III 
ARISTOTLE study, consistent with the results in the over-
all population [52]. Further evaluation of the benefit–risk 
profile of apixaban in patients with NVAF and ESRD is 
ongoing (NCT02942407, NCT02933697). The prescrib-
ing guidance depends on the approved indication and the 
region. For example in the USA, no dose adjustment is rec-
ommended for apixaban due to renal function alone based 

on the phase I results in subjects undergoing hemodialysis 
[4, 31]. In patients with NVAF, a reduced dose of apixaban 
(2.5 mg BID) should be administered if patients have at least 
two of the following characteristics: age ≥ 80 years, body 
weight ≤ 60 kg, or serum creatinine ≥ 1.5 mg/dL, consist-
ent with the apixaban dose-reduction criteria used in NVAF 
phase III clinical trials [5, 6], as these are considered inher-
ent risk factors for bleeding in the NVAF population [53]. 
In Europe, a lower dose of apixaban (2.5 mg BID) should be 
taken by patients with NVAF with severe renal impairment 
(CrCl 15–29 mL/min) and apixaban is not recommended in 
patients with CrCl < 15 mL/min, or in patients undergoing 
dialysis [3].

4.6 � Hepatic Impairment

Mild (Child–Pugh Class A) and moderate (Child–Pugh 
Class B) hepatic impairment had no appreciable effect on 
the pharmacokinetics of apixaban. Point estimates (90% CI) 
vs. healthy subjects for AUC​0–∞ were 1.03 (0.798, 1.32) and 
1.09 (0.849, 1.41), respectively, for subjects with mild or 
moderate hepatic impairment [32]. Protein binding in sub-
jects with mild or moderate hepatic impairment (data on 
file: unbound fraction of 7.1% and 6.8%, respectively) was 
comparable to that in healthy subjects (data on file: 7.9%). 
No dose adjustment is required in patients with mild or 
moderate hepatic impairment [4]. Tirona et al. evaluated the 
impact of nonalcoholic fatty liver disease on apixaban phar-
macokinetics and reported no difference between healthy 
subjects and subjects with nonalcoholic fatty liver disease 
[54]. The pharmacokinetics of apixaban in subjects with 
severe (Child–Pugh Class C) hepatic impairment was not 
evaluated. As patients with severe hepatic impairment may 
have intrinsic coagulation abnormalities and there is little 
clinical experience with apixaban in these patients, use of 
apixaban is not recommended in patients with severe hepatic 
impairment [3, 4].

4.7 � Pediatric Population

Limited PK data are available from a multiple-dose PK 
study of apixaban using an oral solution (0.4 mg/mL) in 
pediatric patients at risk of VTE and who had an indwell-
ing central venous catheter [55]. Of the eight patients 
enrolled, six patients aged 12 to < 18  years received 
apixaban 0.66 mg/m2 BID for 10 days, and two patients 
aged 6–11 years received apixaban 0.60 mg/m2 BID for 
10 days. Apixaban pharmacokinetics was characterized by 
a two-compartment population-PK model, with first-order 
absorption and elimination. Allometric scaling of body 
weight was used to adjust for differences in oral clearance 
and volume of distribution. The oral clearance of apixaban 
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was 4.86 L/h in the adolescent subjects, consistent with 
that in adults (data on file, [40–42]). A single-dose apixa-
ban PK/PD study and multiple efficacy and safety stud-
ies in pediatric patients are ongoing (NCT01707394, 
NCT02464969, NCT02981472, NCT02369653).

5 � Drug Interactions

5.1 � Effects of Apixaban on the Pharmacokinetics 
of Other Drugs

In vitro assessment showed that apixaban did not induce 
or inhibit major CYP enzymes or interfere with transport 
of P-gp substrates [25]. When apixaban was evaluated for 
the potential to inhibit CYP3A4, CYP2C9, CYP2C19, 
and CYP2D6 in human liver microsomes, half-maximal 
inhibitory concentration values were > 45 μM [25]. For 
induction effects of apixaban, there was little or no effect 
on the activities of CYP1A2, CYP2B6, and CYP3A4/5 
in the primary cultures of human hepatocytes, nor any 
significant increase in messenger RNA levels. Therefore, 
drug–drug interactions in which apixaban alters the phar-
macokinetics of other drugs are not expected. Apixaban 
did not inhibit digoxin transport in Caco-2 cells [26]. The 
lack of effect on P-gp was confirmed by a phase I study of 

co-administration of apixaban (20 mg QD) with digoxin 
(0.25 mg QD), a P-gp substrate, which showed no impact 
on digoxin Cmax or AUC [56].

5.2 � Effects of Other Drugs on the Pharmacokinetics 
of Apixaban

Apixaban is a substrate for CYP enzymes, primarily 
CYP3A4/5, and for efflux transporters P-gp and breast 
cancer resistance protein (BCRP) [25, 26]. Both P-gp and 
BCRP are human ATP-binding cassette transporters with 
a significant overlap in substrate specificity and BCRP-
specific inhibitors are limited [57]. Modulation of CYP3A4 
and P-gp by other agents is the most likely mechanism for 
PK interactions involving apixaban, and therefore this was 
the focus of phase I drug–drug interaction studies as sum-
marized in Fig. 5.

The largest effect on apixaban exposure was observed 
in the presence of ketoconazole, a representative strong 
inhibitor of CYP3A4 and P-gp, and rifampin, a representa-
tive strong inducer of both CYP3A4 and P-gp [23, 58]. Fol-
lowing co-administration with ketoconazole, apixaban Cmax 
and AUC​0–∞ were approximately 1.6- and two-fold higher, 
respectively, than values observed following administration 
of apixaban alone [58]. Following co-administration with 
rifampin, apixaban Cmax and AUC​0–∞ were 42% and 54% 
lower, respectively, than values following administration 

Cmax

AUC

0.50 2.01.51.0 2.5

Change relative to reference (apixaban alone)

Fold Change and 90% CIInteracting Drug PK

Cmax

AUC

Cmax

AUC
Cmax

AUC

Cmax

Clarithromycin 500 mg

Ketoconazole 400 mg

Diltiazem 360 mg

Naproxen 500 mg

Rifampin 600 mg

Combined P-gp and Strong CYP3A4 Inhibitors:

Other CYP3A4 and P-gp Inhibitors:

Combined P-gp and Strong CYP3A4 Inducer:

AUC

Fig. 5   Effect of co-administered drugs on the pharmacokinetics of 
apixaban [4]. AUC​ area under the plasma concentration–time curve 
from time zero extrapolated to infinity, CI confidence interval, Cmax 

maximum plasma concentration, CYP3A4 cytochrome P450 3A4, P-
gp P-glycoprotein, PK pharmacokinetics. Reproduced with permis-
sion from Eliquis (apixaban) US prescribing information
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of apixaban alone [23]. Other strong inhibitors of CYP3A4 
and P-gp (e.g., itraconazole, ritonavir) would be expected 
to increase blood apixaban concentrations, and simultane-
ous use with other strong inducers of CYP3A4 and P-gp 
(e.g., carbamazepine, phenytoin, St. John’s wort) would be 
expected to reduce blood apixaban concentrations [23, 58]. 
The use of strong CYP3A4 inhibitors and inducers was pro-
hibited in apixaban phase III clinical trials. Given the lim-
ited clinical experience, the prescribing guidance for strong 
inhibitors or inducers of CYP3A4 and P-gp depends on the 
approved indication and the region. Concomitant adminis-
tration of apixaban with strong inhibitors of both CYP3A4 
and P-gp is generally not recommended, with some regions, 
including the USA, recommending to reduce the apixaban 
dose by 50% for patients who would otherwise be receiving 
apixaban doses of 5 mg or 10 mg BID [4]. Co-administration 
of apixaban with strong inducers of both CYP3A4 and P-gp 
is generally not recommended, especially for patients receiv-
ing treatment for VTE owing to the potential decrease in 
efficacy associated with decreased apixaban exposure. Some 
geographic regions, including Europe, recommend that co-
administration with such strong inducers should be used 
with caution for VTE prevention in orthopedic patients and 
in patients with NVAF [3].

Co-administration with less potent CYP3A4 or P-gp 
inhibitors resulted in a more modest effect on apixaban 
exposure. Following administration with naproxen, a P-gp 
inhibitor with no activity toward CYP3A4 or BCRP, at an 
intestinal concentration of 6–10 mM [26], apixaban Cmax and 
AUC​0–∞ were 61% and 54% higher, respectively, than values 
following administration of apixaban alone [59]. Similarly, 
following co-administration with diltiazem, a moderate 
inhibitor of CYP3A4 and a weak inhibitor of P-gp, apixaban 
Cmax and AUC​0–∞ were 31% and 40% higher, respectively, 
than values observed following administration of apixaban 
alone [58]. Clarithromycin, an inhibitor of P-gp and a strong 
inhibitor of CYP3A4, led to a 1.3- and 1.6-fold increase 
in mean apixaban Cmax and AUC​0–∞, respectively [3]. No 
dose adjustment of apixaban is required when administered 
with agents that are not considered strong inhibitors of 
both CYP3A4 and P-gp, such as naproxen, diltiazem, and 
clarithromycin [3, 4].

Agents with no known effect on either CYP3A4 or P-gp 
(e.g., atenolol or famotidine) had little (< 20%) or no effect 
on apixaban exposure [4, 56, 60]. Following co-adminis-
tration of atenolol and apixaban, mean apixaban Cmax and 
AUC​0–∞were 18% and 15% lower, respectively, than when 
apixaban was administered alone [56]. The administration of 
apixaban with famotidine, a commonly prescribed histamine 
H2-receptor antagonist, had no effect on apixaban Cmax or 
AUC​0–∞. These results demonstrate that elevated gastric pH 
is unlikely to affect the pharmacokinetics of apixaban [60]. 
In addition, as famotidine is a potent inhibitor of the uptake 

transporter protein human organic cation transporter-3, and 
a moderate inhibitor of human organic cation transporter-1 
and human organic cation transporter-2, the results indicate 
that apixaban is not a substrate for these transporters [60].

6 � Pharmacodynamic Properties

The PD effects of apixaban observed in clinical stud-
ies were consistent with its mechanism of action: direct 
reversible inhibition of FXa. The relationships between 
apixaban plasma concentrations and clotting time meas-
ures as well as anti-FXa activity are illustrated in Fig. 6. 
Apixaban prolongs traditional clotting tests such as pro-
thrombin time (PT), international normalized ratio (INR), 
and activated partial thromboplastin time (aPTT) [17, 21, 
35]. Clotting times showed dose-related increases tracking 
the plasma concentration–time profile; however, changes 
are small, subject to a high degree of variability, and not 
useful in monitoring the anticoagulant effect of apixaban. 
The modified PT assay was developed as an exploratory 
PD measure of apixaban to improve the dynamic range of 
the PT assay [61]. As expected, the modified PT results in 
healthy subjects showed a more sensitive assessment of 
apixaban activity than INR or aPTT [17].

Ex vivo thrombin generation mediated by tissue factor 
in platelet-poor plasma was studied in healthy subjects 
[34]. Single doses of apixaban (2.5–50 mg) produced tran-
sient dose-related changes in parameters of the thrombin 
generation curve. Lag time and time to peak increased 
by ~ 65% 3 h after administration of apixaban 2.5 mg, 
while the peak value (maximum thrombin concentra-
tion) and endogenous thrombin potential decreased by 
approximately 40% and 12.5%, respectively. The effect of 
apixaban on thrombin generation parameters was evident 
through ≥ 12 h after dosing. In addition, effects of four-
factor prothrombin complex concentrates (PCC) on the 
pharmacodynamics of apixaban were studied in healthy 
subjects following a single infusion of either a heparin-
free four-factor PCC or a heparin-containing four-factor 
PCC [62]. Following administration of apixaban 10 mg 
BID, endogenous thrombin potential returned to pre-
apixaban levels 4 h after the initiation of a 30-min PCC 
infusion, compared with 45 h following placebo. Mean 
endogenous thrombin potential continued to increase 
and exceeded pre-apixaban values, reaching a maximum 
(34–51% increase over pre-apixaban levels) at 21 h after 
initiating PCC.

Anti-FXa activity, determined with a single-step chro-
mogenic Rotachrom® Heparin assay (Stago, Parsippany, 
NJ, USA), exhibits a close direct linear relationship with 
apixaban plasma concentration, reaching maximum val-
ues at the time of apixaban peak plasma concentrations 
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as expected as a bioassay for apixaban exposure [31, 35, 
46]. The relationship between apixaban plasma concentra-
tion and anti-FXa activity was linear over a wide range 
of apixaban doses. The dose- and concentration-related 
changes observed following apixaban administration were 
more pronounced, and less variable, with anti-FXa activity 
compared with clotting tests. Anti-FXa activity in LMWH 
units was collected in phase III clinical studies of apixaban 

using the Rotachrom® Heparin chromogenic assay and a 
PK–anti-FXa activity analysis was performed for each 
indication [40–42]. The anti-FXa activity consistently 
exhibited a close linear relationship with apixaban plasma 
concentration across indications in target populations 
[40–42]. The predicted anti-FXa activity levels for each 
indication at each dose level are summarized in Table 3 [3, 
40–42]. Other measures of hemostasis, including template 
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Fig. 6   Scatter plots of a international normalized ratio (INR), b acti-
vated partial thromboplastin time (aPTT), c modified prothrombin 
time (mPT), and d, e anti-Xa activity vs. apixaban plasma concentra-

tion [35]. Reproduced with permission from Yamahira et al. Int J Clin 
Pharmacol Ther. 2014;52:564–73

Table 3   Predicted apixaban 
steady-state maximum plasma 
concentration (Cmax) and 
minimum plasma concentration 
(Cmin) and factor Xa (anti-
FXa) activity in approved 
indications [40–42] Reproduced 
with permission from the 
European Union summary 
of product characteristics: 
Eliquis (apixaban tablets); 
and from Byon et al. CPT 
Pharmacometrics Syst 
Pharmacol. 2017;6(5):340–9

BID twice daily, NVAF nonvalvular atrial fibrillation, VTE venous thromboembolism
a Dose-adjusted population based on two of three dose reduction criteria in the ARISTOTLE study [5]

Apixaban dose and 
regimen

Cmax (ng/mL) Cmin (ng/mL) Anti-FXa activity 
maximum (IU/mL)

Anti-FXa activity 
minimum (IU/mL)

Median (5th, 95th percentile)
Prevention of VTE: elective hip or knee replacement surgery
2.5 mg BID 77 (41, 146) 51 (23, 109) 1.3 (0.67, 2.4) 0.84 (0.37, 1.8)
Prevention of stroke and systemic embolism: NVAF
2.5 mg BIDa 123 (69, 221) 79 (34, 162) 1.8 (1.0, 3.3) 1.2 (0.51, 2.4)
5 mg BID 171 (91, 321) 103 (41, 230) 2.6 (1.4, 4.8) 1.5 (0.61, 3.4)
Treatment of VTE and prevetion of recurrent VTE
2.5 mg BID 67 (30, 153) 32 (11, 90) 1.1 (0.47, 2.4) 0.51 (0.17, 1.4)
5 mg BID 132 (59, 302) 63 (22, 177) 2.1 (0.93, 4.8) 1.0 (0.35, 2.8)
10 mg BID 251 (111, 572) 120 (41, 335) 4.0 (1.8, 9.1) 1.9 (0.65, 5.3)
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bleeding time and agonist-induced platelet aggregation 
(agonists: adenosine 5′-diphosphate, arachidonic acid, or 
collagen), do not reflect apixaban activity.

An in vitro study in pediatric plasma spiked with apixa-
ban demonstrated that endogenous baseline factor X levels, 
measured by a DiaPharma® Factor X assay (DiaPharma, 
West Chester, OH, USA) using Russell’s viper venom, 
were 68%, 54%, and 43% lower in the infant (> 1 month 
to ≤ 6 months), neonate (birth to ≤ 1 month), and umbilical 
cord groups when compared with adults, while the levels 
in the older pediatric age groups appeared to be compa-
rable to those in the adults [63]. Despite the lower factor 
X levels in neonates and infants, the inhibition of FXa of 
apixaban, measured by the DiaPharma® Factor X assay 
in pediatric subjects, appeared to be generally consistent 
with the effect observed in adults, noting that apixaban at 
110 ng/mL resulted in 17%, 16%, and 21% greater inhi-
bition of FXa in the infant, neonate, and umbilical cord 
blood groups, respectively, relative to the effect observed 
in adult plasma. While other measures, such as Rotachrom 
anti-FXa activity, PT, and a modified PT, appeared to be 
consistent across age groups, this observation may be due 
to methodologic limitations of these tests.

6.1 � Pharmacodynamic Interactions 
with Anticoagulants and Antiplatelet Agents

After combined administration of LMWH, enoxaparin 
(40-mg single dose), with apixaban (5-mg single dose), 
an additive effect on anti-FXa activity was observed [64]. 
Agents associated with serious bleeding that are not rec-
ommended for concomitant use with apixaban include 
unfractionated heparins and heparin derivatives (includ-
ing LMWH), FXa-inhibiting oligosaccharides (e.g., fon-
daparinux), direct thrombin II inhibitors (e.g., desirudin), 
thrombolytic agents, glycoprotein IIb/IIIa receptor antag-
onists, thienopyridines (e.g., clopidogrel), dipyridamole, 
dextran, sulfinpyrazone, VKA, and other oral anticoagu-
lants. Pharmacokinetic or PD interactions were not evident 
when apixaban was co-administered with aspirin 325 mg 
QD [65]. Co-administration of 500 mg naproxen with 
apixaban had no additional impact on platelet aggrega-
tion beyond that of naproxen [59]. Similarly, co-adminis-
tration of apixaban with either clopidogrel (75 mg QD), 
prasugrel (60 mg followed by 10 mg QD), or the combi-
nation of clopidogrel 75 mg and aspirin 162 mg QD did 
not show a relevant increase in template bleeding time or 
further inhibition of platelet aggregation compared with 
administration of the antiplatelet agents without apixaban 
[65, 66]. Increases in clotting tests (PT, INR, and aPTT) 
were consistent with the effects of apixaban alone (data 
on file). Despite these findings, apixaban should be used 

with caution when co-administered with nonsteroidal 
anti-inflammatory drugs (including aspirin) and other 
antiplatelet agents because these medicinal products typi-
cally increase the bleeding risk and some individuals may 
have a more pronounced PD response when antiplatelet 
agents are co-administered with apixaban.

6.2 � Effect on Electrocardiography

In a thorough QT study, apixaban had no effect on the QTc 
interval, with a peak placebo-adjusted, time-matched, Fri-
dericia-corrected change from baseline QTc (ΔΔQTc) inter-
val of 1.51 ms (one-sided upper 95% CI 3.71 ms) following 
administration of a supratherapeutic dose of 50 mg QD for 
3 days [38].

7 � Pharmacokinetics in Patient Populations

A population-PK analysis was performed using intensive 
PK data collected in phase I studies and sparse PK data 
from phase II and III studies for each approved indica-
tion [40–42]. The base structural model was consistently 
a two-compartment model with first-order absorption and 
first-order elimination. The effect of renal function on total 
clearance of apixaban was incorporated in the base model 
with empirical separation of total clearance into renal and 
non-renal components. As apixaban exposure was less than 
proportional with doses greater than 10 mg, this was also 
consistently incorporated in the base model as a relationship 
between apixaban relative bioavailability and dose.

7.1 � Prevention of Venous Thromboembolism After 
Hip or Knee Replacement Surgery

A population-PK analysis was performed using data from 
the phase I studies and ~ 1000 subjects receiving apixaban 
after a total knee or hip replacement in phase II/III clini-
cal trials [40]. The results showed that apixaban clearance 
decreased with increasing age and was lower in female 
subjects compared with male subjects (< 25% impact on 
apixaban AUC exposure). Subjects with mild, moderate, 
and severe renal impairment were predicted to have median 
AUC exposures at steady state ~ 15%, 38%, and 58% higher, 
respectively, than for subjects with normal renal function. 
Apixaban clearance was slightly lower immediately after 
surgery (< 25%), returning close to the pretreatment value 
by the fourth day after surgery. The reduced blood flow to 
the liver, kidney, and gastrointestinal tract might result in 
this change in apixaban clearance in the days after surgery.
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7.2 � Treatment of Deep Vein Thrombosis 
and Pulmonary Embolism

A population-PK analysis was performed using data from 
the phase I studies and ~ 700 subjects receiving apixaban for 
VTE treatment or prevention of recurrent VTE in phase II/
III clinical trials [41]. The results showed that age, sex, and 
Asian race had a < 25% impact on apixaban AUC exposure 
while subjects with severe renal impairment were predicted 
to have a 56% higher exposure than subjects with normal 
renal function. There was no difference in apixaban pharma-
cokinetics between healthy subjects and subjects receiving 
apixaban for VTE treatment or prevention of recurrent VTE: 
for a typical subject (60-year-old non-Asian male individual 
weighing 85 kg with CrCl of 100 mL/min), the apparent 
renal and non-renal clearance of apixaban were estimated 
to be 1.83 L/h and 2.52 L/h, respectively.

7.3 � Reducing Stroke Risk in Patients 
with Nonvalvular Atrial Fibrillation

A population-PK analysis was performed to describe apixa-
ban pharmcokinetics in subjects with NVAF including data 
from the phase I studies and ~ 3000 NVAF subjects in phase 
II/III clinical trials [42]. Predictive covariates of apixaban 
pharmacokinetics included age, sex, Asian race, renal func-
tion, and patient status (NVAF subjects vs. healthy subjects), 
although individual covariate effects generally resulted in 
a < 25% change in apixaban exposure, except for severe renal 
impairment, which resulted in an apixaban exposure increase 
of 55%. The effect of Japanese race was assessed as an ad-
hoc analysis and found to be small, consistent with the effect 
of Asian race. Subjects with NVAF were estimated to have 
a slightly higher apixaban AUC exposure compared with 
phase I subjects (< 20%). In subjects whose apixaban dose 
was reduced to 2.5 mg BID because they met at least two 
of the three criteria (age ≥ 80 years, body weight ≤ 60 kg, 
or serum creatinine ≥ 1.5 mg/dL), apixaban median AUC 
was ~ 27% lower than that in subjects receiving 5 mg BID, 
and there was a large overlap between the two dose groups.

7.4 � Exposure–Response Analyses with Bleeding 
or Efficacy Endpoints

In VTE prevention in orthopedic surgery subjects, a Cox 
proportional hazards model showed a statistically signifi-
cant relationship between individual daily AUC at steady 
state and any bleeding endpoint [40]; a two-fold increase in 
apixaban daily AUC is expected to increase bleeding fre-
quencies from 6.18% to 7.25% and from 9.32% to 10.9% 
in subjects following knee or hip replacement surgery, 
respectively. There was no statistically significant relation-
ship between apixaban exposure and VTE outcomes using 

logistic regression [67]. The predicted daily AUC at steady 
state, Cmax, or minimum plasma concentration and their 
corresponding anti-FXa activity values showed that there 
was considerable overlap in the individual predicted values 
for those with or without bleeding (data on file). Similar 
observations were made for apixaban exposure and bleeding 
endpoints in subjects with NVAF (data on file).

For the treatment of VTE or prevention of recurrent 
VTE, logistic regression analyses were performed between 
individual daily AUC at steady state and bleeding endpoint 
(composite of adjudicated major or adjudicated clinically 
relevant nonmajor bleeding) or efficacy endpoint (adjudi-
cated symptomatic VTE or VTE-related death) [41]. The 
results found no statistically significant relationship for 
either bleeding or efficacy endpoints and showed that the 
range of individual predicted values of daily AUC at steady 
state, Cmax, minimum plasma concentration, and the corre-
sponding anti-FXa activity values for subjects with efficacy 
or bleeding events was entirely contained within the range 
of values from subjects without events [41]. Considering 
these data, there is no defined therapeutic exposure range or 
discernable threshold of apixaban concentration that would 
predict safety or efficacy outcomes for individual subjects.

7.5 � Variability and Monitoring of Apixaban 
Exposure

After incorporating important covariates, apixaban phar-
macokinetics exhibited moderate between-subject variabil-
ity: ~ 40% and ~ 25% for oral plasma clearance and central 
volume of distribution, respectively, in the final population-
PK analyses. The residual unexplained variability was ~ 30%.

While treatment with apixaban does not require routine 
monitoring of exposure, knowledge of apixaban exposure 
may help to inform clinical decisions, e.g., overdose and 
emergency surgery. The final population-PK and PK–anti-
FXa activity models developed for each indication were 
used for simulations to predict the steady-state apixaban and 
anti-FXa activity levels in target patients. These exposure 
levels predicted from the population-PK and PK–anti-FXa 
activity analyses for each indication and at each dose level 
are summarized in Table 3 [3, 42]. While anti-FXa activity 
was reported in LMWH units in multiple apixaban clinical 
studies, the current assay uses an apixaban-specific calibra-
tor and anti-FXa activity values are reported in apixaban 
concentration units, enabling a timely evaluation of apixaban 
exposure [31, 68]. Apixaban clinical studies that used both 
LMWH and apixaban calibrators and controls demonstrate 
a very high correlation between methods [35, 39]. Con-
sidering that apixaban exposure and anti-FXa activity are 
expected to fluctuate within a dosing interval, in contrast to 
INR with warfarin, it is critical to examine adherence and 
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to accurately collect previous dosing history and time of 
blood sample when interpreting exposure levels, especially 
in routine care settings [69]. It should also be noted that fac-
tors such as impaired hepatic function and administration of 
exogenous PCC known to impact other clotting tests (INR, 
PT) do not impact apixaban anti-FXa activity determined 
with a one-step chromogenic assay regardless of the cali-
brators and controls used (i.e., results reported in LMWH 
units or ng/mL).

8 � Antidote

The administration of activated charcoal may be useful in 
the management of apixaban overdose or accidental inges-
tion. When administered 2 or 6 h after a single oral dose of 
apixaban 20 mg, activated charcoal reduced apixaban AUC 
by approximately 50% and 27%, respectively [37]. Hemodi-
alysis has a small impact on apixaban exposure (a reduction 
in apixaban exposure of approximately 14%) and thus is not 
recommended as an effective means of managing apixaban 
overdose [3, 4]. Based on the four-factor PCC study results 
mentioned above, PCC, activated PCC, or recombinant fac-
tor VIIa may be considered for treatment of overdose. It is 
important to note that four-factor PCC did not affect apixa-
ban pharmacokinetics or anti-FXa activity [62].

Andexanet alfa, a recombinant coagulation FXa, inacti-
vated-zhzo is approved in the USA as an antidote for apixa-
ban and rivaroxaban when reversal of anticoagulation is 
needed because of life-threatening or uncontrolled bleeding 
[70]. Andexanet alfa acts as an FXa decoy that binds to FXa 
inhibitors in the blood, preventing them from binding to and 
inhibiting native FXa [71]. The native FXa is then avail-
able to participate in the coagulation process and restore 
hemostasis [72]. ANNEXA-A was a phase III, randomized, 
placebo-controlled study to evaluate the reversal of antico-
agulation of apixaban (5 mg BID) using andexanet in healthy 
older subjects (50–75 years of age) [71]. Subjects were ran-
domized in a 3:1 ratio to receive andexanet (IV bolus alone 
or IV bolus followed by a 2-h infusion) or placebo. Anti-FXa 
activity, measured using a chromogenic assay, was reduced 
by 94% following the andexanet bolus compared with 21% 
in those receiving placebo and was maintained when the 
IV bolus was followed by infusion. The preliminary results 
from ANNEXA-4, the ongoing, prospective, open-label, 
single-arm study of andexanet alfa in patients with acute 
major bleeding, showed that subjects who were taking apixa-
ban had the median anti-FXa activity reduced by 93% with 
an andexanet bolus, which remained similar during the 2-h 
infusion. Twelve hours after the andexanet infusion, effective 
hemostasis was reported in 75% of the subjects [73].

9 � Conclusions

Apixaban, a direct FXa inhibitor, has predictable PK and PD 
properties that are consistent across the range of different 
patient populations studied, including the elderly and those 
with renal impairment. The fast onset of action, low poten-
tial for food or drug interactions, and lack of requirement 
for routine monitoring during clinical use make apixaban a 
suitable option to simplify anticoagulation treatment.
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