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Abstract

Background: This analysis aimed to evaluate the impact of rivaroxaban exposure and patient
characteristics on efficacy and safety outcomes in patients with acute coronary syndrome (ACS)
and to determine whether therapeutic drug monitoring might provide additional information
regarding rivaroxaban dose, beyond what patient characteristics provide.

Methods: A post hoc exposure-response analysis was conducted using data from the phase

[1l ATLAS ACS 2 Thrombolysis in Myocardial Infarction (TIMI) 51 study, in which 15,526
randomized ACS patients received rivaroxaban (2.5mg or 5mg twice daily) or placebo for a
mean of 13 months (maximum follow up: 31 months]. A multivariate Cox model was used to
correlate individual predicted rivaroxaban exposures and patient characteristics with time-to-
event clinical outcomes.

Results: For the incidence of myocardial infarction (MI), ischemic stroke, or nonhemorrhagic
cardiovascular death, hazard ratios (HRs] for steady-state maximum plasma concentration (C,,,)
in the 5th and 95th percentiles versus the median were statistically significant but close to 1 for
both rivaroxaban doses. For TIMI major bleeding events, a statistically significant association
was observed with C,,, [HR, 1.08; 95% Cl, 1.06-1.11 (95th percentile versus median, 2.5 mg twice
daily)], sex [HR, 0.56; 95% Cl, 0.38-0.84 (female versus male]], and previous revascularization [HR,
0.62; 95% Cl, 0.44-0.87 (no versus yes]].

Conclusions: The shallow slopes of the exposure-response relationships and the lack of a
clear therapeutic window render it unlikely that therapeutic drug monitoring in patients with
ACS would provide additional information regarding rivaroxaban dose beyond that provided by
patient characteristics.
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adult patients with acute coronary syndrome (ACS)
and elevated cardiac biomarkers.! Rivaroxaban has
a predictable pharmacokinetic and pharmacody-
namic profile,? and has been developed for fixed-
dose administration without routine coagulation or
therapeutic drug monitoring.?

Introduction

The oral direct factor Xa inhibitor rivaroxaban, co-
administered with acetylsalicylic acid (ASA) alone
or with ASA plus clopidogrel or ticlopidine, is
licensed in the European Union (EU) for the pre-
vention of recurrent atherothrombotic events in
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The approval of rivaroxaban for the treatment of
patients with ACS was based on the results of the
Anti-Xa Therapy to Lower Cardiovascular Events
in Addition to Standard Therapy in Subjects with
ACS-Thrombolysis in Myocardial Infarction
(ATLAS ACS-TIMI) program. The phase II rand-
omized, placebo-controlled, dose-finding ATLAS
ACS-TIMI 46 trial (ClinicalTrials.gov identifier:
NCT00402597) compared rivaroxaban (at total
daily doses ranging from 5 to 20 mg) with placebo
in patients receiving background antiplatelet ther-
apy (aspirin alone or aspirin plus a thienopyri-
dine).* The two lowest doses of rivaroxaban
[2.5 mg twice daily (BID) and 5mg BID] demon-
strated promising efficacy with lower bleeding
rates than the higher doses and were selected for
further evaluation in the subsequent phase III
ATLAS ACS 2-TIMI 51 trial (ClinicalTrials.gov
identifier: NCT00809965).> The rivaroxaban
2.5mg BID regimen showed similar efficacy to
the 5mg BID regimen with a lower incidence of
bleeding, and consequently, authorization for use
of rivaroxaban in treating patients with ACS was
granted for the 2.5mg BID regimen in the EU.!

The benefit-risk balance of rivaroxaban may be
affected by both rivaroxaban exposure and patient
characteristics. Older age and impaired renal
function increase rivaroxaban exposure; this is not
unexpected because approximately one-third of
the rivaroxaban dose is eliminated unchanged by
the kidneys,%¢ and renal function declines with
advancing age.” Furthermore, advancing age is a
risk factor for ACS, along with other patient char-
acteristics, such as a history of diabetes or myocar-
dial infarction (MI).8 Given these considerations,
it has been suggested that therapeutic drug moni-
toring (i.e. plasma concentration-based dose
adjustment) may be useful to guide rivaroxaban
dosing. To explore this possibility, we performed
a post hoc exposure-response analysis using data
from the ATLAS ACS 2-TIMI 51 trial population
to evaluate the impact of predicted rivaroxaban
exposures and patient characteristics on the occur-
rence of efficacy and safety outcomes in patients
with ACS receiving rivaroxaban.

Methods and materials

Study design

The ATLAS ACS 2-TIMI 51 study was a double-
blind, placebo-controlled, event-driven trial in
which 15,526 patients with a recent ACS event

were randomized to receive rivaroxaban 2.5mg
BID or 5mg BID or placebo with a maximum fol-
low up of 31 months (mean duration of treatment:
13.1 months).5 Study drugs were administered in
addition to the standard of care, which included
aspirin alone or aspirin plus a thienopyridine. A
clinical events committee whose members were
unaware of study-group assignments adjudicated
all components of the key efficacy and safety out-
comes. Study protocols and amendments were
approved by independent ethics committees. All
participants provided written informed consent
prior to study enrollment. Full details of the meth-
odology and ethical conduct of the study have
been published previously.>°

The efficacy outcomes evaluated in the current
exposure-response analysis were a composite of
MI, ischemic stroke, or nonhemorrhagic cardio-
vascular (CV) death, and a composite of MI,
ischemic stroke, or death from all causes. TIMI
major bleeding events (excluding bleeding associ-
ated with coronary artery bypass graft surgery) and
clinically significant bleeding (a composite of first
occurrence of any TIMI major bleeding, TIMI
minor bleeding or bleeding requiring medical
attention) were evaluated as safety outcomes. The
exposure—response analysis included efficacy and
safety events occurring from the first day of study-
drug administration until 2 days after the last dose.

Patient characteristics

A list of patient characteristics (including poten-
tial risk factors for efficacy and safety outcomes)
were a priori selected for inclusion in the expo-
sure-response evaluation based on a review of
the literature (e.g. GRACE!"? and TIMI®!! risk
scores) and experience in the ATLAS ACS
2-TIMI 51 study.® The variables were either cat-
egorical in nature or grouped categorically to aid
clinical interpretation.

Rivaroxaban exposure predictions

Rivaroxaban plasma concentrations were not
measured in the ATLAS ACS 2-TIMI 51 study.
Therefore, rivaroxaban exposure metrics [steady-
state area under the plasma concentration—time
curve from time O to 24 h after dosing (AUC, ,,),
steady-state maximum plasma concentration
(C.0)> and steady-state trough plasma concen-
tration (Cy,,,g,)] were predicted for each patient
based on individual patient characteristics [age,

http://tac.sagepub.com


http://tac.sagepub.com

L Zhang, X Yan et al.

weight, renal function measured as rate of creati-
nine clearance (CrCl) and sex] and rivaroxaban
dose using an integrated population PK model,
described elsewhere.!?

Exposure predictions for exposure—efficacy analy-
ses were made in patients who were randomized,
received at least one dose of a study drug, and had
available efficacy outcome data. For exposure—
safety analyses, exposure predictions were made
in patients who were randomized and received at
least one dose of a study drug (the safety popula-
tion of ATLAS ACS 2-TIMI 5159). For patients
randomized to the placebo group, rivaroxaban
exposures were set to 0 with appropriate units.
Relationships between exposure metrics and
time-to-event clinical outcomes were explored
graphically using Kaplan—Meier plots.

Regression analyses

Relationships between rivaroxaban exposure met-
rics, patient characteristics, and each of the effi-
cacy and safety outcomes were quantified using
the following methods. Initially, a univariate
regression analysis was performed using AUC,_,,,
Chaw Of Couen as independent variables, assum-
ing a linear relationship with the log-hazard of
outcome events. The exposure metric with the
lowest Akaike information criterion (AIC) value
generated from the univariate analyses was then
combined with the selected patient characteristics
as independent variables for predicting the prob-
ability of the outcome events in a multivariate
Cox proportional regression analysis, which
resulted in the ‘full model’. The significance of
each independent variable was generated from fit-
ting the full model. Statistically nonsignificant
variables (with associated p values >0.01 accord-
ing to the likelihood ratio test) were each removed
from the model, with the exception of the selected
exposure metric, age, and CrCl calculated using
the Cockcroft-Gault equation. The selected
exposure metric, age, and CrCl were expected to
have an impact on outcomes and were kept in the
model as forced input variables, regardless of
their statistical significance level. The derived
model, which contained the forced input varia-
bles and the remaining statistically significant
variables, was considered the final model for the
evaluated response outcome.

The hazard ratios (HRs) of the variables in the
final models were shown in forest plots, in which

the hazard at a given value of a variable was com-
pared with its corresponding reference value.
The reference value was typically the most com-
mon value of the variable, with the exception of
hospital region, for which Western Europe was
set as the reference. The final models were used
to simulate the probability of efficacy or safety
events at 1 year versus exposure in a typical patient
population (i.e. with individual patient charac-
teristics set to reference values). The time inter-
val of 1year is close to 13.1 months, the mean
duration of treatment in the ATLAS ACS
2-TIMI 51 study.®

Results

Patient characteristics

Table S1 shows the patient characteristics selected
for evaluation in the models and the prevalence of
those patient characteristics in the study popula-
tion, including the rivaroxaban and placebo treat-
ment groups (15,167 and 15,350 patients in the
efficacy and safety populations, respectively).
About one-quarter of the patients were female
(25.3%), and 36.4% were =65 years of age. The
most common type of ACS was ST-segment ele-
vation MI (50.3%), and 93.2% of patients were
receiving dual antiplatelet therapy (aspirin plus a
thienopyridine) at baseline.

Histories of heart failure, hypertension, diabetes
mellitus, stroke/transient ischemic attack, MI,
and previous revascularization were present in
11.1%, 67.8%, 31.9%, 2.6%, 27.1%, and 60.9%
of patients in the efficacy population, respectively.
In the safety population, the corresponding per-
centages were 10.9%, 67.5%, 32.0%, 2.6%,
27.0%, and 60.3%, respectively. Baseline CrCl
was <50 ml/min in 6.9% and 7.0% of patients in
the efficacy and safety populations, respectively.
Gastrointestinal bleeding, smoking status, and
alcohol use were evaluated only for the safety out-
comes (Table S1).

Rivaroxaban exposure predictions and event

rates

Rivaroxaban exposure data were predicted in
10,225 patients in the safety population (5115
and 5110 patients in the 2.5mg BID and 5mg
BID groups, respectively) and 10,105 patients
in the efficacy population (5055 and 5050
patients in the 2.5mg BID and 5mg BID
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Table 1. Summary of predicted rivaroxaban exposure in the efficacy and safety populations of the ATLAS ACS

2-TIMI 51 study.

Rivaroxaban Exposure n P05 Median P95 Mean CV (%)

dose measure

Efficacy population

2.5mg BID AUCy_,, (ug/t*h] 5055 681.44 800.75 984.52 816.01 26.01
Crnax (HG/U) 5055 39.86 45.18 53.47 45.80 17.98
Cirougn (MG/U 5055 13.23 17.26 23,505 17.85 47.83

5mg BID AUC_,, (ug/t*h] 5050 1294.98 1509.30 1853.47 1533.15 11.53
Crnax (/U 5050 75.38 85.48 100.31 86.27 9.02
Cirougn (MI/U 5050 25.02 32.51 4442 33.35 18.67

Safety population

2.5mg BID AUCy_,, (ug/t*h) 5115 681.44 800.88 985.21 816.44 25.97
Cinax (/U 5115 39.87 45.19 53.47 45.83 17.95
Cirougn (MI/U 5115 13.23 17.26 23.60 17.86 47.74

5mg BID AUCy_,, (ug/t*h] 5110 1295.10 1509.45 1853.47 1533.54 11.52
Crnax (HG/U) 5110 75.38 85.50 100.31 86.29 9.01
Cirougn (MG/U 5110 25.03 32.51 L4442 33.36 18.65

AUC,_,,, steady-state area under the concentration-time curve from 0 to 24 h post dose; BID, twice daily; C,.,,, steady-state

maximum plasma concentration; Cy.,q
of subjects; P05, 5th percentile; P95, 95th percentile.

., steady-state trough plasma concentration; CV, coefficient of variation; n, number

groups, respectively; Table 1). The predicted
exposure metrics were all highly correlated
(>0.98) within a given individual. The observed
event rates of efficacy and safety outcomes are
shown in Table 2.

Regression analyses

Exposure-efficacy analysis. In the univariate
regression analysis, the AIC values generated
from fitting the exposure metrics AUC ,,, C, .0
or Cyguen Were only marginally different. How-
ever, C, .. was associated with the lowest AIC
value and was therefore selected as the exposure
marker for further investigation. The cumulative
event rates versus stratified C,,, values are shown
in Kaplan—Meier plots (Figure 1). There was no
apparent trend between the quartiles of C_,. and
the composite efficacy outcomes of MI, ischemic

stroke, or nonhemorrhagic CV death [Figure
1(a)] and MI, ischemic stroke, or death from all
causes [Figure 1(b)].

For the composite efficacy outcome of MI,
ischemic stroke, or nonhemorrhagic CV death,
the final Cox regression model included C__,,
age, and CrCl as forced variables, and the follow-
ing significant patient characteristics: type of ACS
at baseline, history of MI, history of diabetes mel-
litus, history of heart failure, previous revasculari-
zation, elevated cardiac enzymes, and baseline
hemoglobin levels (Table S2). All variables dis-
played a statistically significant association with
this efficacy outcome (p=<0.01; Table S2). The
variables with the greatest impact were history of
MI [HR, 1.86; 95% confidence interval (CI),
1.61-2.15] and age >75years versus <65years
[HR, 1.81; 95% CI, 1.43-2.29; Figure 2(a)].
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Table 2. Observed event rates of efficacy and safety outcomes.

Patients with event/total patients (%)

Stratum

Placebo

2.5mg BID 5mg BID

Efficacy outcomes

MI, ischemic stroke,
nonhemorrhagic CV
death

MI, ischemic stroke,
death from all
causes

Safety outcomes

TIMI major bleeding

Clinically significant

Aspirin

Aspirin plus thieno
Combined

Aspirin

Aspirin plus thieno

Combined

Aspirin
Aspirin plus thieno
Combined

Aspirin

35/350 (10.0)
317/4712 (6.7)
352/5062 (7.0)

35/350 (10.0)
326/4712 (6.9)
361/5062 (7.1)

2/352 (0.6)
25/4773 (0.5)
27/5125 (0.5)

11/352 (3.1)

24/343 (7.0)
256/4712 (5.4)
280/5055 (5.5)

24/343 (7.0)
263/4712 (5.6)
287/5055 (5.7)

2/343 (0.6)
66/4772 (1.4)
68/5115(1.3)

19/343 (5.5)

23/341 (6.7)
246/4709 (5.2)
269/5050 (5.3)

23/341 (6.7)
256/4709 (5.4)
279/5050 (5.5)

4/342(1.2)
81/4768 (1.7)
85/5110 (1.7)
23/342 (6.7)

bleeding
Aspirin plus thieno

Combined

316/4773 (6.6)
327/5125 (6.4)

567/4772 (11.9)
586/5115 (11.5)

725/4768 (15.2)
748/5110 (14.6)

BID, twice daily; CV, cardiovascular; MI, myocardial infarction; thieno, thienopyridine; TIMI, Thrombolysis in Myocardial

Infarction.

For the composite efficacy outcome of MI,
ischemic stroke, or death from all causes, the final
Cox regression model included the same risk fac-
tors except for type of ACS (Table S2). The vari-
ables with the greatest impact were again history
of MI (HR, 1.86; 95% CI, 1.62-2.14) and age
>75years versus <65years [HR, 1.79; 95% CI,
1.42-2.25;Figure 2(b)].

For both composite efficacy outcomes, the HRs
associated with C, .. in the 5th or 95th percentile
(versus the median), and therefore the associated
risks, were statistically significant (p=0.002—
0.003), but the magnitude of impact was small:
the highest HR was 1.03 (95% CI, 1.01-1.05) at
the 5th percentile of C_,, for rivaroxaban 5mg
BID, and the lowest HR was 0.96 (95% CI, 0.93—
0.99) at the 95th percentile of C,,, for rivaroxa-
ban 5mg BID (Figure 2). This small but
statistically significant effect of exposure is due to
the inclusion of the placebo group (zero expo-
sure) in the analysis, and when treatment effect

(placebo versus 2.5 mg BID versus 5 mg BID) was
added into the final model, C,_,, was no longer a
significant predictor of the composite efficacy
outcomes.

Exposure-safety analysis. In the univariate
regression analysis, AUC, 54, C,,, and Ci o
had broadly similar AIC values. However, C_,.
was associated with the lowest AIC value and was
therefore selected for further investigation. The
cumulative event rate versus stratified C, ., values
are shown in Kaplan—Meier plots, which sug-
gested that the cumulative event rate for TIMI
major bleeding [Figure 3(a)] and clinically signifi-
cant bleeding [Figure 3(b)] increased as the riva-
roxaban C_ level increased.

The final exposure-response model for TIMI
major bleeding included C_,,, age, and CrCl as
forced input variables, and the following signifi-
cant patient characteristics: sex and previous revas-
cularization (Table S3). Of the forced variables,
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Figure 1. Kaplan-Meier plots of the cumulative event rate of the composite efficacy outcomes of (a)
myocardial infarction, ischemic stroke, or nonhemorrhagic cardiovascular death and (b) myocardial
infarction, ischemic stroke, or death from all causes versus predicted steady-state maximum concentration of

rivaroxaban.

C sy Steady-state maximum plasma concentration; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth

quartile.
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(a) HR (95% CI)
Rivaroxaban 5% + 1.02 (1.01-1.02)
25mgBIDC Median L 1.00 (1.00-1.00)

95% 4 0.98 (0.96-0.99)
Rivaroxaban 5% -» 1.03 (1.01-1.05)
SmgBIDC,,, Median L 1.00 (1.00-1.00)
95% < 0.96 (0.93-0.99)
Age, years <65 Y 1.00 (1.00-1.00)
65-75 : —— 1.24 (1.05-1.45)
>75 | —— 1.81(1.43-2.29)
CrCl, mUmin >80 ¢ 1.00 (1.00-1.00)
<50 : —— 1.49 (1.16-1.92)
50-80 | —— 1.26 (1.08-1.48)
Baseline ACS type STEMI ¢ 1.00 (1.00-1.00)
NSTEMI :+ 1.18 (1.02-1.38)
UA ——+ 0.81 (0.63-1.06)
History of MI No § 1.00 (1.00-1.00)
Yes | - 1.86 (1.61-2.15)
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heart failure Yes 1 —— 1.59 (1.34-1.89)
Elevated cardiac Yes + 1.00 (1.00-1.00)
enzymes No —— 0.60 (0.45-0.80)
Baseline 212 g/dL (F)/z 13 g/dL (M) ¢ 1.00 (1.00-1.00)
hemoglobin <12 g/dL (F)/< 13 g/dL (M) : —— 1.44 (1.23-1.68)
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5mgBIDC_ Median ¢ 1.00 (1.00-1.00)
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Age, years <65 ¢ 1.00 (1.00-1.00)
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>75 L —— 1.79 (1.42-2.25)
CrCl, mUmin >80 L 4 1.00 (1.00-1.00)
<50 I —— 1.55 (1.21-1.98)
50-80 | —— 1.28 (1.10-1.50)
History of MI No ¢ 1.00 (1.00-1.00)
Yes - 1.86 (1.62-2.14)
Previous Yes Y 1.00 (1.00-1.00)
revascularization No 4' —— 1.59 (1.38-1.84)
History of No & 1.00 (1.00-1.00)
diabetes mellitus Yes | —o— 1.24 (1.08-1.42)
History of No * 1.00 (1.00-1.00)
heart failure Yes | —— 1.54 (1.20-1.83)
Elevated cardiac Yes ? 1.00 (1.00-1.00)
enzymes No —— | 0.48 (0.39-0.58)
Baseline 212 g/dL (F)/2 13 g/dL (M) * 1.00 (1.00-1.00)
hemoglobin <12 g/dL (F)/< 13 g/dL (M) : —— 1.40 (1.20-1.63)
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Figure 2. Hazard ratio for (a) the composite efficacy outcome of myocardial infarction, ischemic stroke,

or nonhemorrhagic cardiovascular death and (b) the composite efficacy outcome of myocardial infarction,
ischemic stroke, or death from all causes based on results of the final model.

ACS, acute coronary syndrome; BID, twice daily; Cl, confidence interval; C,,,,, steady-state maximum plasma concentration;
CrCl, creatinine clearance; F, female; HR, hazard ratio; M, male; NSTEMI, non-ST-segment elevation myocardial infarction;
STEMI, ST-segment elevation myocardial infarction; UA, unstable angina.
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Figure 3. Kaplan-Meier plots of the cumulative event rate of the safety outcomes of (a) TIMI major bleeding
and (b] clinically significant bleeding versus predicted steady-state maximum concentration of rivaroxaban.
Crax Steady-state maximum plasma concentration; Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth

quartile; TIMI, Thrombolysis in Myocardial Infarction.

only C_,, displayed a statistically significant asso-
ciation with TIMI major bleeding; age and CrCl
did not display significant associations with this
safety outcome (Table S3). Female patients (HR,

0.56; 95% CI, 0.38-0.84) and those without pre-
vious revascularization (HR, 0.62; 95% CI, 0.44—
0.87) had a reduced likelihood of TIMI major
bleeding compared with male patients and patients
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with previous revascularization, respectively
[Figure 4(a)]. In the 2.5 mg BID dose group, C,,..
at the 95th percentile (versus the median) was
associated with a HR of 1.08 (95% CI, 1.06-1.11)
for TIMI major bleeding [Figure 4(a)].

The final model for clinically significant bleeding
included C_,,, age, and CrCl as forced variables,
and the following significant patient characteris-
tics: hospital region, previous revascularization,
history of hypertension, alcohol use, and baseline
hemoglobin levels (Table S3). Of the forced vari-
ables, only age and C,,, displayed a significant
association with clinically significant bleeding;
CrCl did not display a significant association with
this safety outcome (Table S3). Overall, the risk
factor with the greatest impact was age >75 years
versus <65years [HR, 1.68; 95% CI, 1.39-2.03;
Figure 4(b)]. Patients without previous revascu-
larization (HR, 0.81; 95% CI, 0.72-0.90) and
those without history of hypertension (HR, 0.80;
95% CI, 0.72-0.89) were less likely to experience
clinically significant bleeding than patients with
previous revascularization and those with a history
of hypertension, respectively [Figure 4(b)].
Hospital region Eastern Europe versus Western
Europe was also associated with a reduced likeli-
hood of this outcome (HR, 0.57; 95% CI, 0.49—
0.66). Patients with moderate alcohol intake (HR,
1.48; 95% CI, 1.25-1.76) and those with low
[<12g/dl (female) or <13g/dl (male)] baseline
hemoglobin (HR, 1.23; 95% CI, 1.09-1.39) had a
higher likelihood of clinically significant bleeding
than those who were abstinent and those with
hemoglobin =12 g/dl (female) or =13 g/dl (male),
respectively [Figure 4(b)].

For both safety outcomes, the HRs associated
with C_,, in the 5th or 95th percentile (versus the
median), and therefore the associated risks, were
statistically significant (p <0.00001) but the mag-
nitudes of impact were considered small: the
highest HR was 1.15 (95% CI, 1.10-1.20) at the
95th percentile of C__ for rivaroxaban 5mg BID,
and the lowest HR was 0.91 (95% CI, 0.88-0.94)
at the 5th percentile of C_ ., for rivaroxaban 5 mg
BID. Similar to the exposure—efficacy analysis,
this small but statistically significant effect of
exposure is due to the inclusion of the placebo
group (zero exposure) in the analysis. When treat-
ment effect (placebo wersus 2.5mg BID wersus
5mg BID) was added into the final model, the
impact of C_,, on both safety outcomes was
attenuated, and C,_,. was no longer a significant

predictor of the safety outcomes (p=0.03747 for
TIMI major bleeding and p=0.5463 for clinically
significant bleeding).

Expected probability of efficacy or safety events at
Tyear of treatment with rivaroxaban. Using the
derived final models, the expected hazard for each
outcome in a typical patient was estimated and
plotted against the range of predicted C_,,,, using
the placebo group (C_,, set to Opg/l) as a refer-
ence (Figure 5). For efficacy outcomes, the HR
plateaued after about 40pg/l with no further
decrease observed at higher C_,, values. For the
safety outcomes, there was a shallow increase in
HR over the entire C_,, range. The uncertainty in
the predicted hazard increased considerably when
C,..x Was higher than the predicted 95th percen-
tile of C_,, with rivaroxaban 5 mg BID.

Figure 6 shows the expected probability of having
an efficacy or safety event at 1year of treatment
with rivaroxaban 2.5mg BID in a typical patient
presented as a function of increasing rivaroxaban
exposure and baseline antiplatelet stratum (aspirin
alone or aspirin plus thienopyridine). For efficacy,
the maximal effect was observed with concentra-
tions associated with the 2.5mg BID dose, with no
further reductions observed at higher concentra-
tions (i.e. the 5mg BID dose). At the approved
dose of 2.5mg BID, an increase in rivaroxaban
exposure from the median to the 95th percentile
was predicted to increase the risk of TIMI major
bleeding from 1.1% to 1.3% in the aspirin stratum
and from 1.3% to 1.6% in the aspirin plus thieno-
pyridine stratum. The risk of clinically significant
bleeding was predicted to increase from 6.5% to
8.2% in the aspirin stratum and from 13% to 15%
in the aspirin plus thienopyridine stratum. Similar
to Figure 5, the uncertainty in the predicted prob-
ability of having an efficacy and safety event
increased considerably when C, ., was higher than
the predicted 95th percentile of C_,  with rivar-
oxaban 5mg BID because very few patients had
exposure at those levels.

Discussion

The results of this analysis from the ATLAS ACS
2-TIMI 51 trial demonstrate statistically significant
but shallow linear relationships between rivaroxa-
ban exposure and efficacy/safety outcomes in
patients with ACS. Within the studied regimen,
Increasing rivaroxaban exposure was associated
with a reduced risk of thrombotic events and an
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Figure 4. Hazard ratio for (a) TIMI major bleeding and (b) clinically significant bleeding based on results of the
final model.
BID, twice daily; Cl, confidence interval; C,,,,, steady-state maximum plasma concentration; CrCl, creatinine clearance; F,
female; HR, hazard ratio; M, male; TIMI, Thrombolysis in Myocardial Infarction.

http://tac.sagepub.com


http://tac.sagepub.com

L Zhang, X Yan et al.

(a) M, ischemic stroke or death from all causes M, ischemic stroke or nonhemorrhagic CV death
I I I |
b Lo
o e R | L R
| | I |
> - -
0.6
£ . .
0.4 7 | | | |
| I I I
0.2 | | | |
L L
0 —
2.5 mg BID I}—D—! - 5 mg BID 2.5 mg BID ?—D—l} - 5 mg BID
T T T T | — | T T I 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Crnax (ML)
(b) TIMI major bleeding Clinically significant bleeding
5 I I I |
b Lo
4 | I I |
> o
3 | | |
2 I : { ;
< | I |
1+ L L
| I I |
0 I I I I
2.5mg BID }—D—, 2.5 mg BID f—D—f
| I ——— 5mg BID I | ——— 5 mg BID
| |
I I I I | I I I I I I I I 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Crnax (HO/L)

Figure 5. Expected HR for (a) efficacy and (b) safety outcomes in a typical patient plotted against the range

of Craxe
represent means, and gray-shaded areas represent 95%

The reference group for calculation of the HRs was the placebo group (C,,.,

set to Opg/Ll). Black lines
confidence intervals for the HR. Squares represent

median exposure, and horizontal error bars represent the range between the 5th and 95th percentiles of
exposure. Vertical dashed lines label the 5th and 95th percentiles of exposure for the 2.5mg BID dose group.
BID, twice daily; C,,,,, steady-state maximum plasma concentration; CV, cardiovascular; HR, hazard ratio; MI, myocardial

infarction; TIMI, Thrombolysis in Myocardial Infarction.

increased risk of bleeding events, but the magni-
tude of impact was small. Patient characteristics
such as age, history of MI, elevated cardiac
enzymes, or history of previous revascularization
also had a significant impact on treatment out-
comes and the magnitude of impact of patient
characteristics on treatment outcomes was greater
than that of rivaroxaban exposure.

The steady-state exposure metrics (AUC ,,,
Chaw and C,.,) predicted using the population
PK model for the 5mg BID rivaroxaban dose
were twice the magnitude of those predicted for
rivaroxaban 2.5mg BID, owing to the linear PK
characteristics of rivaroxaban at doses of 10 mg or
less.!3 The distribution of predicted exposure

metrics reflected the differences and impact of
patient characteristics (age, weight, CrCl, and
sex) on rivaroxaban exposure.!? C___was used to
investigate  exposure-response  relationships
because it had a slightly stronger univariate rela-
tionship with both the efficacy and safety out-
comes. However, as expected, all three PK
metrics (AUC 54, Cpppo and C, ) Were highly
correlated, and therefore exhibited similar rela-
tionships with efficacy and safety outcomes. It
should be noted that PK samples were not col-
lected in the ATLAS ACS 2-TIMI 51 study, and
because inter- and intra-individual variability
cannot be estimated, the variability in the pre-
dicted exposures was much lower than would be
expected in clinical practice.
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Figure 6. Expected probability of (a) efficacy events and (b) safety events at 1year of treatment with
rivaroxaban 2.5mg BID in a typical patient presented as a function of increasing C,,., and baseline antiplatelet
stratum (aspirin alone or aspirin plus thienopyridine). Black lines represent means, and gray-shaded areas
represent 95% confidence intervals for the probability. Squares represent median exposure, and horizontal
error bars represent the range between the 5th and 95th percentiles of exposure. Vertical dashed lines label
the 5th and 95th percentiles of exposure for the 2.5mg BID dose group.

BID, twice daily; C,,.,, steady-state maximum plasma concentration; CV, cardiovascular; MI, myocardial infarction; TIMI,
Thrombolysis in Myocardial Infarction.
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In the ATLAS ACS 2-TIMI 51 study, patients
receiving concomitant systemic treatment with
strong cytochrome P450 (CYP) 3A4 and
P-glycoprotein inhibitors (e.g. certain azole anti-
mycotics, such as ketoconazole, and HIV-protease
inhibitors, such as ritonavir) were excluded. The
apparent clearance of rivaroxaban in patients tak-
ing a concomitant moderate or weak CYP3A4
inhibitor or a CYP3A4 inducer has been estimated
to be 86.3%, 93.9% and 130% of the apparent
clearance in patients not taking comedication,
respectively.!? Owing to variation in comedication
intake pattern (e.g. duration, dose, regimen, type)
during the long-term treatment duration of the
study and the estimated small magnitude of come-
dication impact on exposure, comedication was
not included as a covariate on the estimated expo-
sure. This would lead to slightly lower exposure
variability but was not expected to impact the sub-
sequent exposure-response analysis.

Despite the narrow concentration range in which
to evaluate exposure-response relationships, sta-
tistically significant linear relationships with shal-
low slopes in the expected direction were observed
for all exposure parameters for both efficacy and
safety outcomes. These relationships were largely
driven by inclusion of the placebo group (C_,,, set
to Oug/l) and would be even more shallow or non-
existent if the analyses had been restricted to
active treatment groups. C, .. was no longer a sig-
nificant predictor of the composite efficacy out-
comes when treatment effect (placebo wversus
2.5mg BID versus 5mg BID) was added into the
final model. These findings are consistent with
observations from the phase II ATLAS ACS-
TIMI 46 study, in which 14 active treatment
combinations of rivaroxaban and antiplatelet
therapy were studied.* No dose-response rela-
tionship for efficacy outcomes was observed in
the rivaroxaban BID dosing groups while clear
dose-response relationships were observed for
safety outcomes in all treatment groups.* These
data support the validity of the applied model and
suggest that the lack of rank-ordered efficacy ver-
sus C,, quartiles in Kaplan—Meier plots is not
likely caused by the choice of exposure marker.

The decrease in thrombotic events (MI, ischemic
stroke, or nonhemorrhagic CV death) that might
be achieved by adjusting the rivaroxaban dose to
increase the plasma concentration appears to be
small; the HR for such a thrombotic event in

patients with C_,, in the 5th percentile versus the
median (2.5mg BID dose) was 1.02, which trans-
lates into an expected absolute risk reduction of
approximately 0.2% over lyear for the typical
patient. Similarly, the decrease in TIMI major
bleeding events that might be achieved by decreas-
ing the rivaroxaban dose (and therefore rivaroxa-
ban exposure) appears small; the HR for TIMI
major bleeding in patients with C_ .. in the 95th
percentile versus the median (2.5mg BID dose)
was 1.08, which translates into an absolute risk
reduction of approximately 0.2% over 1year.
Therefore, these data suggest that therapeutic drug
monitoring of rivaroxaban (i.e. plasma concentra-
tion-based dose adjustment) would provide little
additional clinical benefit to patients with ACS.
Moreover, clinical observations in ATLAS ACS
2-TIMI 51 demonstrated that doses of rivaroxa-
ban 2.5mg BID showed similar efficacy to doses of
5mg BID with a lower incidence of bleeding and
led to authorization of the 2.5 mg BID regimen for
the treatment of patients with ACS in the EU.!

Compared with vitamin K antagonists, within the
studied regimen rivaroxaban exposure-response
curves for both efficacy and safety are essentially
linear and shallow with no threshold of exposure
above which bleeding risk accelerated, or below
which loss of efficacy occurred. A target thera-
peutic range for rivaroxaban cannot easily be
identified from this exposure-response analysis.
In addition, the CIs around the 1-year estimates
for both the efficacy and safety outcome event
rates were wide for any given rivaroxaban concen-
tration and appeared to overlap in the 2.5mg BID
and 5mg BID groups, indicating that adjusting
the rivaroxaban dose based on measured rivar-
oxaban concentrations in individual patients is
unlikely to be of benefit. Furthermore, patient
characteristics such as age and history of MI had
a greater impact than rivaroxaban exposure on
the occurrence of thrombotic events over a 1-year
period. Likewise, age, sex, and revascularization
appeared to have a greater impact on TIMI major
bleeding than rivaroxaban exposure. These results
are supported by exposure-response analyses
with edoxaban and apixaban in indications such
as stroke prevention in atrial fibrillation and treat-
ment of venous thromboembolism. Similar to the
current findings with rivaroxaban, those analyses
supported administration of edoxaban and apixa-
ban at approved doses without routine therapeu-
tic drug monitoring.14-17
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Strengths of this analysis include the use of data
from a large, prospective, double-blind clinical
trial that assessed two different doses of rivaroxa-
ban and included a placebo control group. In
addition, the patients included in this analysis
were at high risk of recurrent ischemic events and
bleeding because 50.3% had ST-segment eleva-
tion MI, and 93.2% were receiving dual anti-
platelet therapy at baseline. Furthermore, blinded
central adjudication of all efficacy outcomes was
performed to standardize the assessments of effi-
cacy outcomes across all participating sites.

Some limitations of the analysis include the lack of
direct PK measurements in the ATLAS ACS
2-TIMI 51 study, which necessitated the use of
model-predicted exposure data for the analysis. It is
also worth noting that the variability in exposure
metrics may be underestimated in this analysis; the
covariate model explains the majority, but not all, of
the exposure variability between patients. In addi-
tion, the range of exposures evaluated was limited to
those associated with the 2.5mg and 5mg BID
doses of rivaroxaban studied in the ATLAS ACS
2-TIMI 51 study, which itself was not designed to
evaluate exposure-response relationships and the
impact of patient characteristics on the outcomes.
These factors may reduce the ability of the analysis
to detect a weak exposure-response relationship.
However, weak exposure-response relationships are
unlikely to prompt dose adjustments.

Conclusion

In summary, the exposure-response modeling
results support administration of a fixed 2.5mg
BID dose of rivaroxaban in patients with ACS. The
shallow slopes of the exposure-response relation-
ships and the lack of a clear therapeutic window
render it unlikely that therapeutic drug monitoring
would provide additional information regarding
rivaroxaban dose beyond that already provided by
patient characteristics in the ACS indication.
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