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administration.  
On Day 1 of Period 2, apixaban was dosed immediately after completion of a 4-hour 
hemodialysis session. 
Sampling Times:  
PK, plasma:  Pre-dose and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 18, 24, 36, 48, 60 and 72 hours 
post dose. 
PK, urine:  Pre-dose and 0-12, 12-24, 24-48 and 48-72 hours post dose. 
PD, plasma:  Pre-dose and 0.5, 1.5, 3, 6, 12, 24, 48 and 72 hours post dose. 
Dialysate: 2, 2-3, 3-4, 4-5 and 5-6 hours post dose. 
 

 
 
 Classification of renal function is consistent with the FDA Guidance Recommendations:  
 Yes  No  

 
 Renal function was determined via  C-G formula for healthy subjects at screening and Day -1 

    MDRD formula on Day -1 
 Renal function was determined at:  Screening Baseline 
 The control group is adequate  Yes  No 
 The groups are matched by Age  Sex  Body Weight  Smoking Status  Race 
 The selected dose is acceptable  Yes  No 
 Protein Binding: All Limited (in all subjects) 
 Sampling Times: 4 hours after apixaban dose 
 Method: Equilibrium dialysis 
 Dosing is long enough to obtain steady state  Yes  No Not Applicable 
 Sample size was determined based on statistical analysis  Yes  No 
 The overall study design acceptable:  Yes  No  
 
Analytical Method (Study Samples Analysis) 
 
 Study samples were analyzed within the established stability period: 
 Quality control samples range is acceptable  
 Internal standard was used  
 Method was validated prior to use  
 Chromatograms were provided  
 Overall performance is acceptable  

 Yes  No 
 Yes  No 
 Yes  No 
 Yes  No 
 Yes  No 
 Yes  No 
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 Yes  No 
 
LC-API/MS/MS methods were utilized for determination of apixaban and its metabolite, BMS-
730823 (M1). Assay performances are provided below: 

 
 
 

Pharmacokinetics of Apixaban 
 
1. Is there a relationship between creatinine clearance and AUC? Yes No NA, if yes 
explain 
2. Is there a relationship between creatinine clearance and Cmax? Yes No NA, if yes 
explain 
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 Compared to healthy subjects, apixaban AUC(INF) and AUC(0-T) were 36% and 39% 
higher in ESRD subjects, respectively, after hemodialysis; whereas apixaban Cmax was 
10% lower in these subjects but the 90% CI includes 1, when apixaban was administered 
immediately after completion of hemodialysis (Group B, Period 2).  

 Hemodialysis appears to reduce apixaban Cmax, AUC(INF) and AUC0-T by 13%, 14% 
and 14%, respectively, in ESRD subjects, respectively, when apixaban was administered 
2 hr before the start of the dialysis session (Group B, Period 1) compared to when 
apixaban was administered immediately after completion of hemodialysis. Thus, 
compared to healthy subjects,apixaban AUC(INF) and AUC(0-T) appeared to be only 
17% and 19% higher, respectively, in ESRD subjects when hemodialysis was started 2 hr 
after apixaban administration; apixaban Cmax appeared to be 21% lower than that 
observed in healthy subjects. 

 
Pharmacokinetics of Metabolite (M1, BMS-730823) 
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 Exposure to BMS-730823 was low, with geometric means of maximum plasma 
concentrations ≤ 20 ng/mL across the 3 groups. 

 BMS-730823 geometric mean Cmax and AUC(0-T) was approximately 1.85- and 4.6-
fold higher in ESRD subjects with apixaban administered immediately after completion 
of hemodialysis than that observed in subjects with normal renal function. 

 BMS-730823 geometric mean Cmax and AUC(0-T) were approximately 1.47- and 3.6-
fold higher in ESRD subjects when hemodialysis was started 2 hr after apixaban 
administration than that observed in subjects with normal renal function. 

 BMS-730823 Tmax was also increased in ESRD subjects.  
 Metabolite exposure was lower in ESRD subjects when hemodialysis was started 2 hr 

after apixaban administration; BMS-730823 concentration in dialysate was negligible 
(i.e. below the lower limit of quantitation, LLOQ). 

 
Protein binding 
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 Unbound apixaban PK parameters followed similar trends to those observed for total 
drug concentration. Unbound apixaban Cmax, AUC(0-T), and AUC(INF) were 13%, 
73%, and 69% higher, respectively, in ESRD subjects when apixaban was administered 
immediately after completion of hemodialysis, than that observed in healthy subjects.  

 In ESRD subjects, unbound apixaban Cmax, AUC(0-T) and AUC(INF) were 
approximately 40% lower when hemodialysis started 2 hr after apixaban administration, 
resulting in unbound apixaban AUC comparable to that observed in healthy subjects and 
a 32% lower Cmax than that observed in healthy subjects. 

 
Pharmacodynamics 
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 Baselines of INR and PT in ESRD subjects appear to be higher than those in 

healthy subjects.  
 Following administration of apixaban, INR and PT increased initially then 

returned to baseline in each group. The percent change from baseline appeared 
comparable across the three treatment groups. 

 For aPTT, following administration of apixaban, aPTT increased initially then 
returned to baseline. Percent change from baseline varied slightly between Groups 
A and B, and between Periods for subjects in Group B. The largest mean 
increases (± SD) relative to baseline, were 19.85% (± 20.398) at 3 hr, 6.96% (± 
9.624 ) at 2 hr, and 23.04%( ± 14.811 ) at 3 hr for Group A, Group B Period 1, 
and Group B Period 2, respectively.  

 
 
Anti-Factor Xa Activity 
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 A direct linear relationship between anti-FXa activity values and apixaban plasma 

concentrations in all three groups 
 
Safety 
 
Was there any death or serious adverse events?  Yes  No  NA 
 
Conclusions 
 
Is there is a need to adjust the dose in patients with renal impairment? Yes No NA 
Exposure and anti-FXa activity of apixaban in ESRD patients maintained with 
hemodialysis appeared to be similar to those with moderate to severe renal impaired 
patients. Dose adjustment based solely on this study may not be warranted; however, 
combination of additional risk factors might lead to dose adjustment. 
 

 ESRD subjects had 36% higher apixaban exposure (AUC) than that observed in 
healthy subjects with normal renal function.  

 Hemodialysis decreased apixaban exposure in ESRD subjects by ~14% resulting 
in an AUC that was approximately 17% higher than that in subjects with normal 
renal function.  

 Apixaban Cmax was lower in ESRD subjects than that observed in subjects with 
normal renal function, with the greatest difference (21% lower Cmax) being 
observed when hemodialysis was started 2 hr after apixaban administration.  

 Apixaban dialysis clearance was 17.7 mL/min.  
 Apixaban protein binding was generally comparable between ESRD subjects with 

hemodialysis started 2 hr after apixaban administration (94.1% bound) and 
subjects with normal renal function (93.2% bound). Protein binding appears to be 
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slightly lower in ESRD subjects when apixaban administered immediately after 
completion of hemodialysis (91.5% bound).  

 The metabolite, BMS-730823, Cmax and AUC(0-T) were approximately 1.9- and 
4.6-fold higher in ESRD subjects than that observed in subjects with normal renal 
function, respectively. When hemodialysis was started 2 hr after apixaban 
administration, BMS-730823 Cmax and AUC(0-T) was approximately 20% and 
22% lower, respectively, than when apixaban was administered immediately after 
hemodialysis.  

 Anti-FXa activity demonstrated a linear relationship with apixaban plasma 
concentration within both healthy and ESRD subjects.  

 The effect of apixaban on INR, PT, and aPTT appeared to be consistent between 
healthy subjects with normal renal function and ESRD subjects, however with 
large variability observed in these results.  

 A single 5-mg oral dose of apixaban was safe and well tolerated in healthy 
subjects with normal renal function and subjects with ESRD maintained with 
hemodialysis in this study. 

 
Reviewer’s Comments: 
 

 The higher exposure of the metabolite, M1, is consistent with previous results 
from renal impairment study.  Similarly, as M1 is inactive and the level of M1 
observed in this study is lower than that observed in the toxicological study in 
animals, the PK changes is not expected to have clinically meaningful impact. 

 Apixaban was administered during the dialysis as well as during off-dialysis 
period.  The exposure and anti-FXa activity of apixaban in ESRD patients 
maintained with hemodialysis appeared to be similar to those with moderate to 
severe renal impaired patients. As previously approved, no dose adjustment is 
required for patients with moderate to severe renal impairment. Hence, dose 
adjustment based solely on renal impairment or ESRD disease state is not 
warranted. 

 In addition, given the available data in this report, we thought there is enough 
information to label ESRD patients on hemodialysys.  

- The recommended dose for ESRD patients maintained with hemodialysis 
is 5 mg orally twice daily. 

- For the ESRD patients maintained with hemodialysis having either one 
of the risk factors of age ≥80 years or body weight ≤ 60kg, the 
recommended dose should be reduced by half to 2.5 mg twice daily.  
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PK Sampling (Blood):  

Apixaban and R-138727 (active metabolite of prasugrel):  
 Pre-dose on days 2, 3 and 4 for each period  
 Day 4: 0.25, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 9 and 12 hours post dose and one last 

sampling for R138727 at 24 hours post dose 

PD Sampling (Blood) for Platelet Aggregation:  

 Pre-dose on days 1, 2 and 4  
 Day 1: 2, 4, 6, 9 hours post dose  
 Day 4: post dose 4, 6, 9 and 12 hours  

PD Sampling (Blood) for Anti-FXa Activity:  

 Pre-dose on days 1 and day 4  
 Day 4: 1, 2, 4, 6, 9 and 12 hours post dose  

Analytical Method 
The performance of the assay method during study sample analysis is acceptable and is 
summarized in the table below. 

Analyte Apixaban R-138727 
Method LC/MS/MS LC/MS/MS 
Matrix Plasma Plasma 
LOQ  1.00 (ng/mL) 0.250 (ng/mL) 
Range  1.00 to 1000 (ng/mL) 0.250 to 250 (ng/mL) 
QCs  3.00, 35.0, 400, 800 

(ng/mL) 
0.750, 2.00, 7.50, 30.0, 
190 (ng/mL) 

Accuracy/Bias 4.51% 4.86% 
Precision (CV%) 5.46% 4.99%  

Statistical Method:  
PK: To assess the effect of prasugrel on apixaban Cmax and AUC(TAU), a general linear 
model analysis was performed on log(Cmax) and log[AUC(TAU)] of apixaban. Point 
estimates and 90% CIs for differences on the log scale were exponentiated to obtain 
estimates for ratios of geometric means on the original scale. Similar analyses were 
conducted on log(Cmax) and log[AUC(TAU)] of R-138727. 
PD: Summary statistics were tabulated by treatment and time for platelet aggregation and 
anti-FXa activity, along with corresponding changes from baseline for platelet 
aggregation. Linear and semi-logarithmic plots of the mean and individual platelet 
aggregation and anti-Factor Xa activity were plotted versus time by treatment, 
respectively.  
Study Population :  

Planned/Dosed/Completed/ Discontinued Due to AE 36/53#/35/1* 
Age [range] 18-45 yr 
Male/Female 34/19 
Race (White) 53 

# 17 subjects for whom multiple PK samples were not collected were discontinued and 
replaced as stated by the sponsor.  
* 1 subject was discontinued due to a moderate AE (haematochezia). 
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Results 
Pharmacokinetics of Apixaban 
 Apixaban exposure was not altered by co-administration with prasugrel when 

compared with apixaban alone; the 90% CIs for apixaban Cmax and AUC(TAU) 
geometric least squares (LS) mean ratios were contained within the predefined no 
effect interval of 0.8 - 1.25. 

 
Apixaban mean plasma concentration-time profile on Day 4 

 
 
Summary statistics of Apixaban PK 

 
 
Pharmacokinetics of R-138727 
 
 The 90% CI for R-138727 AUC(TAU) geometric least squares (LS) mean ratios were 

contained within the predefined no effect interval of 0.8 - 1.25. 
 For Cmax, geometric LS mean ratio was 0.885, with the upper bound of the 90% CI as 

0.991 and the lower bound of the 90% CI as 0.789.  
 
R-138727 mean plasma concentration-time profile on Day 4 
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Summary statistics of R-138727 PK 

 
 
Pharmacodynamics  
ADP-induced platelet aggregation  
 Apixaban generally had no effect on ADP-induced platelet aggregation. However, it is 

noted that there was an apparent decrease in the ADP-induced platelet aggregation at 
the 9-hour time point following apixaban administration on Day 4. There are no clear 
reasons to explain this finding.  It should be noted that platelet aggregation returned to 
baseline by the 24-hour time point.  

 Prasugrel alone decreased ADP-induced platelet aggregation on Day 1 and maintained 
through Day 4 which was consistent with prasugrel’s mechanism of action. 

 Co-administration of apixaban with prasugrel did not alter ADP-induced platelet 
aggregation when compared with that of prasugrel alone.  
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Anti-FXa Activity 
 The anti-FXa activity was not altered by co-administration of prasugrel when 

compared with apixaban alone.  
 All subjects receiving prasugrel alone had anti-FXa activity values under the 

detectable limit (<0.1 IU/mL). 
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Relationship between apixaban concentration and anti-FXa activity  
 A direct linear relationship was observed between the individual subject anti-Xa 

activity and apixaban plasma concentrations. This linear relationship was not impacted 
by co-administration of prasugrel. 

 
Safety 
 Was there any death or serious adverse events?  Yes No  NA 
 
19 subjects (35.8%) experienced adverse bleeding-related AEs which were considered to 
be related to study drug and mild in intensity with the exception of 1 event 
(haematochezia). The majority of the bleeding-related events were reported more 
frequently when apixaban was co-administered with prasugrel than when either agent was 
administered alone. 
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Reviewer’s note: Although PK and PD of apixaban and Prasugrel did not seem to be 
affected significantly by co-administration when compared to either drug alone, it is noted 
that ~ one third of the healthy subjects experienced the bleeding-related AEs in this study 
and majority occurred when both drugs were co-administered. Based on this data, an 
increased risk of bleeding in a higher risk patient population cannot be ruled out. As 
warning of bleeding when concomitant use of antiplatelet agents has been addressed in 
the Section 5.2 of the package insert of apixaban, no additional language will be added 
from clinical pharmacology perspective. Description of this finding might be provided by 
the medical officer..        
Conclusion 
 Co-administration of prasugrel with apixaban had no effect on the PK of apixaban. 
 Apixaban did not have a clinically relevant effect on the PK of the active prasugrel 

metabolite, R-138727. Apixaban did not affect the AUC of R-138727, prasugrel’s 
active metabolite, but did cause a small decrease (~11%) in R-138727 Cmax; the 
lower bound of the 90% CI was marginally lower than the lower bound of the no 
effect interval, and therefore didn’t meet the criteria for equivalence.  

 Apixaban did not appear to have an effect on ADP-induced platelet aggregation. Co-
administration of apixaban and prasugrel on Days 1 and 4 did not alter prasugrel’s 
effect on platelet aggregation. 

 The anti-FXa activity when apixaban administered with prasugrel, was similar to that 
of apixaban was administered alone. 
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