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Abstract

Background and Objectives 1darucizumab is an antibody
fragment that specifically reverses dabigatran-mediated
anticoagulation. Safety, pharmacokinetics and pharmaco-
dynamics of idarucizumab were investigated in dabigatran-
treated, middle-aged, elderly and renally impaired volun-
teers with characteristics similar to patients receiving an-
ticoagulant therapy.

Methods In this randomized, double-blind, crossover study,
46 subjects (12 middle-aged, 45-64 years; 16 elderly,
65-80 years; and 18 with mild or moderate renal impair-
ment) received dabigatran etexilate (DE; 220 or 150 mg
twice daily) for 4 days. Idarucizumab doses of 1,2.5and5 g
or 2 x 2.5 g 1 h apart, or placebo, were administered as a
rapid (5 min) infusion ~2 h after DE at steady state.
Results Dabigatran-prolonged diluted thrombin time,
ecarin clotting time and activated partial thromboplastin
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time were reversed to baseline immediately after idaru-
cizumab infusion in all groups. Reversal was sustained
with doses >2.5 g. Idarucizumab was well tolerated under
all conditions. No impact of age on idarucizumab phar-
macokinetics was observed; however, subjects with mild or
moderate renal impairment demonstrated increased expo-
sure (up to 84 %), decreased clearance and prolonged (by
up to 49 %) initial half-life of idarucizumab compared with
healthy middle-aged subjects.

Conclusions Impaired renal function was associated with
increased exposure and decreased clearance of idaru-
cizumab. Idarucizumab resulted in immediate, complete
and sustained reversal of dabigatran anticoagulant activity,
and was safe and well tolerated in middle-aged, elderly and
renally impaired volunteers. The results support the clinical
use of a 5 g dose of idarucizumab.
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Key Points

These data expand on existing observations in
young, healthy volunteers by showing that
idarucizumab (a humanized monoclonal antibody
fragment) immediately reverses the anticoagulant
effect of dabigatran in middle-aged, elderly and
renally impaired volunteers.

Efficacy of idarucizumab in renally impaired
subjects was observed, together with an increase in
exposure and reduced clearance of idarucizumab in
this group.

An ongoing phase III study, RE-VERSE AD™ is
assessing the effect of idarucizumab 5 g on
dabigatran-induced anticoagulation in emergency
patients with uncontrolled bleeding or who require
urgent surgery or procedures.

1 Introduction

Dabigatran etexilate (DE) is the oral prodrug of dabigatran,
a direct thrombin inhibitor, which is effective for the pre-
vention and treatment of thromboembolic events in patients
with atrial fibrillation [1-7]. In a retrospective analysis, the
outcomes of major and life-threatening bleeding events
with DE were favorable when compared with warfarin [8].
While these bleeding events are uncommon, a specific,
fast-acting reversal agent for dabigatran would provide a
further treatment option when immediate reversal of anti-
coagulation is needed [9].

Idarucizumab, a humanized monoclonal antibody frag-
ment, neutralizes dabigatran activity in a 1:1 stoichiometric
relationship, with a very high binding affinity [10]. Previ-
ous studies demonstrated that intravenous (5 min) infusion
of idarucizumab resulted in immediate, complete and sus-
tained reversal of dabigatran-induced anticoagulation in
young, healthy male volunteers, and was safe and well
tolerated [11, 12].

Elderly and renally impaired patients represent a large
proportion of the atrial fibrillation population [1, 13] and a
reversal agent needs to be effective and safe in these
patient subgroups. Moreover, patients with atrial fibrilla-
tion who need to undergo urgent surgical procedures, or
have an uncontrolled bleeding event, will require re-initi-
ation of anticoagulation after reversal to prevent stroke.
Thus, these reversal agents should have short half-lives so
that it is possible to re-start anticoagulation within a rea-
sonable time frame.
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The present study examines the pharmacodynamics
(PD) of the reversal of dabigatran anticoagulant effect by
idarucizumab in volunteers who are elderly or have some
degree of renal impairment (RI). In addition, the effects of
age and renal function on the pharmacokinetics (PK) of
idarucizumab are investigated.

2 Methods
2.1 Study Design and Subjects

The study (NCT01955720) was performed at SGS Life
Science Services, Antwerp, Belgium, from September
2013 to August 2014. The protocol was approved by an
independent Ethics Committee and the trial was carried out
in accordance with the principles of the Declaration of
Helsinki, Good Clinical Practice and applicable regulatory
requirements.

Four subject groups were recruited: middle-aged
(45-64 years), elderly (65-80 years), RI: 60-90 (aged
45-80 years with mild RI, defined as creatinine clearance
[CrCl] =60 to <90 mL/min using the Cockcroft—Gault
equation at the screening visit), and RI: 30-60 (aged
45-80 years with moderate RI, defined as CrCl >30 to
<60 mL/min). All subjects were healthy, except for the
groups with compromised renal function, who were in
relatively good health in all other respects. Inclusion cri-
teria for body mass index were 18.5-29.9 kg/m? for mid-
dle-aged subjects, or 18.5-32 kg/m” for elderly and RI
subjects. All subjects provided written informed consent.

The study was divided into three treatment periods, two
of which are reported in this study (Fig. 1), and the third
reported elsewhere [14]. In the first treatment period, all
four groups were treated orally with DE on days 1-3, with
a single dose on day 4, and then randomized within each
group to either idarucizumab or placebo. Study treatment
was blinded for the investigator and subjects and those
assessing outcomes. Blood sampling occurred at multiple
time points on day 4 before and after idarucizumab/placebo
infusion, and for up to 120 h post-infusion. Thus, treatment
period 1 lasted 8 days (extended to 10 days for the RI
groups).

Treatment period 2 occurred after a group completed
treatment period 1, with at least a 6-day washout. Period 2
was the same as period 1, except volunteers now received
the opposite treatment as prespecified in the crossover
design. Additionally, in the middle-aged group only, sub-
jects were retreated with DE 24 h after idaru-
cizumab/placebo infusion during periods 1 and 2 (data
reported elsewhere [14]).

The third treatment period (results reported elsewhere
[14]) applied only to the middle-aged group, who
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Fig. 1 Study design
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have creatinine clearance (CrCl) of 260 to <90 mL/min; of these, at least 50% had to have a CrCl <75 mL/min

and at least 30% of each sex. Moderate RI:30—60: Subjects (at least 2 subjects of each sex) had to have a CrCl of >30 to <60 mL/min.

underwent re-exposure with idarucizumab (after 4 days of
treatment with DE, idarucizumab on day 4), 2 months after
completing treatment period 2. Idarucizumab was admin-
istered in doses of 1,2.5and 5 gor2 x 2.5 g 1 h apart, as
outlined in Fig. 1. All idarucizumab doses were adminis-
tered as a 5-min intravenous infusion beginning 1 h and
55 min after the final DE dose. Idarucizumab, matching
placebo and DE (Pradaxa®) capsules were provided by
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach
an der Rif}, Germany.

2.2 Endpoints and Analyses

The anticoagulant effect of dabigatran and its reversal by
idarucizumab were assessed by measuring diluted thrombin
time (dTT), ecarin clotting time (ECT), activated partial
thromboplastin time (aPTT) and thrombin time in a central
laboratory. On site, activated clotting time was measured
by the iSTAT point-of-care device. The primary analysis
was the percentage of subjects with reversal of dabigatran
anticoagulation, measured as dTT and ECT within 10 min
after idarucizumab infusion (after the second idarucizumab
2.5 g infusion for the RI: 30-60 mL/min group). Second-
ary analyses included reversal of dabigatran-induced anti-
coagulation assessed by aPTT; reversal of mean dTT, ECT
and aPTT in each group; and reduction of area under the

dabigatran-effect curve (AUEC above baseline coagulation
time) for coagulation parameters.

Reversal was defined as a clotting time returning to or
below a threshold level. All available data from this study
and a previous study were combined to determine these
thresholds [11, 12], which were calculated via a linear
regression model correlating concentrations of unbound
dabigatran with the clotting parameters dTT and ECT
(supplementary Fig. 1; Online Resource). For dTT, ECT
and aPTT, the value corresponds with 20 ng/mL unbound
dabigatran, a plasma level with presumably low anticoag-
ulant effect. Complete reversal was defined as the reduction
of mean coagulation time to below the threshold, imme-
diate reversal was the complete reversal directly after
idarucizumab infusion, and sustained reversal was mean
coagulation time remaining below the threshold during the
full observation period of >24 h.

The AUEC further quantified the anticoagulant effect of
dabigatran over time. Determination of AUECs took into
account the baseline clotting times, i.e. the AUECs above
baseline dTT, ECT and aPTT were calculated. The AUEC
from 2 to 12 h after DE administration (AUEC,_;,) in
volunteers receiving placebo was compared with the values
obtained after idarucizumab dosing for dTT, ECT and
aPTT. The mean ratio of AUEC,_;, of idarucizumab to
placebo quantified the reversal effect of idarucizumab over
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the first 10 h after its administration versus placebo.
Plasma concentrations of total dabigatran, unbound dabi-
gatran and idarucizumab were assessed at predetermined
timepoints. Total dabigatran was defined as bound plus
unbound dabigatran, including its active metabolites in
plasma, while unbound dabigatran was the fraction that
was bound to neither idarucizumab nor plasma proteins and
was an approximate measure of pharmacologically active
dabigatran (supplementary Fig. 1; Online Resource).

PK parameters for idarucizumab include the area under
the plasma concentration—time curve from time zero to
infinity (AUC,,), maximum measured plasma concentra-
tion (Cpax), initial half-life (t.,,,, describing the initial
decline of the plasma concentration immediately after
Cmax), terminal half-life (z.,,), total clearance (CL), volume
of distribution at steady state (V) and volume of distri-
bution during the terminal phase (V,). The fraction of
idarucizumab eliminated in urine from 0 to 6 h (fes) was
also assessed.

The primary safety endpoint was the number (%) of
subjects with drug-related adverse events (AEs; i.e. related
to DE, idarucizumab or placebo) [see Sect. 1.2 Safety
Assessment; Online Resource].

2.3 Pharmacological Methods

Blood samples for PK and PD analysis were taken at
scheduled timepoints on days 1, 4, 5, 6 and 7 (and days 8
and 9 for subjects with RI). PK samples (K3-EDTA vials)
and PD samples for dTT, ECT and aPTT samples (3.2 %
Na-Citrate vials) were centrifuged to obtain plasma. Urine
sampling for PK analysis was performed over discrete time
intervals until 26, 74 and 122 h after the last intake of DE
for middle-aged, elderly and renally impaired subjects,
respectively.

Analyses of dTT (Hemoclot; Hyphen BioMed, Neu-
villesur Oise, France), ECT (in-house assay, 6 U/mL
ecarin; Pentapharm, Basel, Switzerland) and aPTT (CK
Prest; Diagnostica Stago, Asnieres-sur-Seine, France) were
performed using validated assays [15] at Menal GmbH,
Emmendingen, Germany (see Sect. 1.1 Pharmacological
Analyses; Online Resource). Adequate assay performance
during study sample analysis was demonstrated by analysis
of quality control (QC) samples. Mean assay imprecision
(% coefficient of variation) was <7.5 % for the Hemoclot
dTT assay (n = 128 for each of three dabigatran concen-
tration levels), <3.3 % for the aPTT assay (n = 150, single
level) and <3.0 % for the ECT assay (n = 144, single
level) over the course of the study sample analysis.

Validated enzyme-linked immunosorbent assay meth-
ods were used to determine idarucizumab concentrations
in plasma and urine, with a lower limit of quantification
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(LLOQ) of 1 pg/mL in both matrices. Analyses were
performed at Covance Laboratories, Inc., Chantilly, VA,
USA. Adequate assay performance during analysis of
study samples was demonstrated by the results of QC
samples. For the plasma QC (n = 118 for each of the
three levels of QC and n = 74 for the dilution QC), mean
accuracy (% deviation from nominal concentration) was
within £5.2 %, and mean precision (% coefficient of
variation) was <17.6 %. For the urine QC (n = 66 for
each of the three levels of QC and n = 40 for the dilution
QC), mean accuracy was within £9.1 % and mean pre-
cision was <=20.2 %.

Concentrations of total and unbound dabigatran in
plasma were determined by validated high-performance
liquid chromatography—tandem mass spectrometry assays
at Nuvisan GmbH, Neu-Ulm, Germany. The LLOQs were
5.00 ng/mL. for total dabigatran and 1.00 ng/mL for
unbound dabigatran. Adequate assay performance during
study sample analysis was demonstrated by analysis of QC
samples (three concentrations per analyte, n = 62 each).
For total dabigatran, mean accuracy (% deviation from
nominal concentration) was within +5.3 %, and mean
precision (% coefficient of variation) was <5.1 %. For
unbound dabigatran, mean accuracy and precision were
within £3.8 and <8.1 %, respectively.

2.4 Statistical Evaluation

Descriptive statistics for PD and PK endpoints were cal-
culated. Safety was also evaluated descriptively. Correla-
tion between unbound dabigatran and anticoagulation
parameters was assessed using linear least squares regres-
sion analysis. All PD data are expressed as mean =+ stan-
dard error of the mean, and all PK data are expressed as the
geometric mean unless otherwise stated. A post hoc anal-
ysis of PK parameters of AUC,, t,, and CL, using two
sample ¢ tests, was undertaken to evaluate potential dif-
ferences between the groups receiving idarucizumab 5 g,
relative to the middle-aged volunteer group.

3 Results
3.1 Subject Disposition and Baseline Characteristics

A total of 46 middle-aged, elderly and RI (RI: 60-90 and
RI: 30-60) volunteers were included and received study
treatment. All subjects completed the trial and were
included in the PK, PD and safety analyses. Demographic
and baseline characteristics were similar across subgroups,
except for age and renal function (Table 1). Mean weight
was slightly lower in the RI: 30-60 group.
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Table 1 Subject demographics and baseline characteristics

Idarucizumab dose group

2.5 g Middle-aged 5 g Middle-aged 1 g Elderly 5 g Elderly 1 g RI: 60-90 5 gRIL: 60-90 2 x 2.5 g RI: 30-60
(n=6) (n=16) (n=28) (n=238) (n=16) (n=6) (n=6)

Sex, male 3 (50.0) 3 (50.0) 4 (50.0) 6 (75.0) 4 (66.7) 4 (66.7) 3 (50.0)

Age, years 532 +63 50.0 + 4.6 70.0 £ 2.8 675+ 1.6 62.0 £99 68.7 £ 45 72.0 £ 2.6

Race, White 6 (100) 6 (100) 7 (87.5)" 8 (100) 6 (100) 5(83.3)° 6 (100)

Weight, kg 78.2 (10.0) 76.0 (20.2) 73.8 (8.9) 80.8 (7.0) 71.7 (6.8) 71.7 (7.6) 65.5 (12.2)

BMI, kg/m*  26.40 + 2.91 2435 £ 3.12 26.73 £ 233 2748 £3.27 2538 £1.58 2643 £1.93 2283 £1.92

CrCl, mL/min 97.5 £ 194 110.4 + 26.6 848 +£ 162 833 +47 799 £ 89 728 £45 58.7 £ 102

Data are expressed as n (%) or mean + SD

BMI body mass index, SD standard deviation, CrCl creatinine clearance at baseline, RI: 30-60 moderate renal impairment, RI: 60—90 mild renal

impairment
? One Asian volunteer

® One Black/African American volunteer

3.2 Dabigatran Anticoagulation in the Absence
of Idarucizumab

Upon placebo treatment, unbound dabigatran was
~30 % less than total dabigatran, which is accounted
for by dabigatran binding to plasma proteins. Unbound
dabigatran is considered to approximate pharmacologi-
cally active dabigatran (supplementary Fig. 1; Online
Resource).

In middle-aged volunteers receiving DE 220 mg twice
daily, peak steady-state levels of ~ 170 ng/mL unbound
dabigatran were achieved ~2 h after final DE ingestion.
This was associated with elevations of approximately 1.8-
fold of dTT, ~3-fold of ECT and ~2.2-fold of aPTT
over their respective baseline values (Fig. 2a—c). Plasma
levels of unbound dabigatran decreased to below the
LLOQ early after idarucizumab administration, and
remained <20 ng/mL for the 24 h observation period
(Fig. 2d). In elderly volunteers, peak unbound dabigatran
plasma levels were slightly higher, 210 ng/mL (Fig. 3d).
This was associated with a higher level of anticoagulation
than in middle-aged volunteers, with approximately 2.1-,
3.6-, and 2.2-fold elevations of dTT, ECT and aPTT,
respectively, over baseline values (Fig. 3a—c). In RI:
60-90 and RI: 30-60 subjects receiving DE 150 mg twice
daily, peak unbound dabigatran plasma levels were
~140 ng/mL.  (Fig. 4d) and ~220 ng/mL (Fig. 5d),
respectively, reflecting the dependency of dabigatran
elimination on renal function. Prolongation of clotting
times correlated with dabigatran concentration, with
greater prolongation in RI: 30-60 subjects than RI: 60-90
subjects (Figs. 4a—c, 5a—c).

3.3 Idarucizumab Administration: Effect of Age
and Renal Function on Idarucizumab
Pharmacokinetics and on the Reversal
of Dabigatran Anticoagulation

3.3.1 Middle-Aged Volunteers, Aged 45—64 Years

Idarucizumab PK (Table 2; Fig. 6a, c) were characterized
by AUC,, of 37,000 nM-h/L and a Cy,,x of 25,000 nmol
with the idarucizumab 5 g dose. The subsequent plasma
concentration—time profile showed a rapid initial decline
and a slower terminal phase. The initial half-life of 47 min
accounted for most of the idarucizumab AUC; the terminal
phase started ~6 h after infusion, with plasma levels
reduced to ~2 % of Cy,.x. The V was 8.86 L and CL was
47.1 mL/min. PK profiles were similar in males and
females (data not shown).

Idarucizumab administration of 2.5 or 5 g resulted in
immediate reduction of the dabigatran-prolonged coagu-
lation times to baseline levels (i.e. below the threshold
value). This effect was sustained for the entire subsequent
observation period of 24 h. Figure 2a—c illustrates the
reversal of all three coagulation parameters with both doses
of idarucizumab compared with placebo. Similar results
were obtained with thrombin time and activated clotting
time data, as summarized in supplementary Table 1 and
supplementary Figs. 3 and 4 (Online Resource). The effect
was associated with a decrease of unbound dabigatran
concentrations to <l ng/mL (LLOQ) immediately after
idarucizumab administration; concentrations remained
below or very close to the LLOQ for the entire observation
period of 24 h (Fig. 2d). Mean plasma concentrations of
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Middle-aged (2.5 g or 5 g Idarucizumab)

Diluted thrombin time (s)
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I Time post idarucizumab (h)
Idarucizumab
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Activated partial thromboplastin time (s)
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45-64y, 220 mg DE/2.5 g idarucizumab
45-64 y, 220 mg DE/placebo (2.5 g)

Fig. 2 Middle-aged subjects. Mean-effect time profiles (+SEM) of
standard clotting assays (a—c) and geometric mean concentration—
time profile of unbound dabigatran (d) at dabigatran steady state after
infusion of idarucizumab 2.5 or 5g, or placebo. Solid line

total dabigatran (bound plus unbound fraction) increased
~4.5- and 5.2-fold over pre-infusion levels within
~30 min after idarucizumab infusion of 2.5 and 5 g,
respectively, which is consistent with dabigatran binding
and inactivation by idarucizumab in the plasma (data
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(a—c) represents mean BL; dashed line (a—c) represents the threshold
for complete reversal; ‘0’ on the x-axis, end of idarucizumab infusion.
BL baseline, DE dabigatran etexilate, SEM standard error of the mean

shown for 5 g in Fig. 6b, d). Thereafter, levels of total
dabigatran declined to <50 ng/mL at 24 h.

Dabigatran anticoagulation was also quantified as the
AUEC over 10 h after idarucizumab or placebo adminis-

tration (AUEC,_;,) (Table 3). Administration of



Idarucizumab PK/PD in Middle-Aged, Elderly, and Renally Impaired

47

Elderly (1 g or 5 g Idarucizumab)
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Fig. 3 Elderly subjects. Mean-effect time profiles (+SEM) of
standard clotting assays (a—c) and geometric mean concentration—
time profile of unbound dabigatran (d) at dabigatran steady state after
infusion of idarucizumab 1 or 5g, or placebo. Solid line

idarucizumab 2.5 and 5 g reduced the AUEC,_;, by >95 %
for both dTT and ECT, and by >86 % for aPTT (Table 3).
No dose dependency was observed; in middle-aged vol-
unteers, the maximum effect was already achieved with
idarucizumab 2.5 g.
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for complete reversal; ‘0’ on the x-axis, end of idarucizumab infusion.
BL baseline, DE dabigatran etexilate, SEM standard error of the mean

3.3.2 Elderly Volunteers, Aged 65-80 Years
The idarucizumab 5 g dose in elderly volunteers was

associated with AUC,, of 43,900 nM-h/L, Cpa, of
28,300 nmol and #,,, of 55 min (Table 2). In comparison
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Mild Renal Impairment (1 g or 5 g Idarucizumab)
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Fig. 4 RI: 60-90 subjects. Mean-effect time profiles (+SEM) of
standard clotting assays (a—c) and geometric mean concentration—
time profile of unbound dabigatran (d) at dabigatran steady state after
infusion of idarucizumab 1 or 5 g, or placebo. Solid line

with the middle-aged volunteer group, there were no sig-
nificant differences in AUC, (p = 0.1089), ty»
(»p = 0.0787) or CL (p = 0.1089). The plasma concentra-
tion—time profile in elderly volunteers was very similar to
that of middle-aged volunteers (Fig. 6).
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Idarucizumab doses of 1 or 5 g resulted in immediate
and complete reversal of anticoagulation (Fig. 3a—c).
Complete reversal of anticoagulation was sustained over
the observation period of 72 h with the 5 g dose, whereas a
partial return of dabigatran anticoagulation was measured
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Fig. 5 RI: 30-60 subjects. Mean-effect time profiles (+SEM) of
standard clotting assays (a—c) and geometric mean concentration—
time profile of unbound dabigatran (d) at dabigatran steady state after
infusion of idarucizumab 2 x 2.5 g or matching placebo. Solid line

2 h after idarucizumab 1 g. The AUEC,_;, was reduced
dose-dependently, by >63 % for dTT, ECT and aPTT with
the 1 g dose, and by >94 % for the idarucizumab 5 g dose
(Table 3).

Similar to findings
unbound dabigatran

in middle-aged volunteers,
concentrations decreased to

- RI:30-60, 150 mg DE/placebo (2 x 2.5 g)

(a—c) represents mean BL; dashed line (a—c) represents the threshold
for complete reversal; ‘0’ on the x-axis, end of idarucizumab infusion.
RI renal impairment, BL baseline, DE dabigatran etexilate, SEM
standard error of the mean

<1 ng/mL (LLOQ) immediately after idarucizumab 1 or
5 g, and remained low for the 72-h observation period
with the higher dose (Fig. 3d). Plasma concentrations of
total dabigatran increased approximately fivefold over
pre-infusion levels of 270 ng/mL within 30 min of
idarucizumab dosing.
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Table 2 Pharmacokinetic parameters (geometric mean, geometric CV [%]) of idarucizumab following administration of idarucizumab in

middle-aged, elderly, RI: 60-90 and RI: 30-60 subjects

Idarucizumab dose group

2.5 g Middle-aged 5 g Middle-aged 1 g Elderly 5 g Elderly 1 gRI: 6090 5gRLE:60-90 2x25¢g
(n=6) (n = 6) (n=28) (n=28) (n = 6) (n=6) RI: 30-60 (n = 6]
AUC_,, nmol-h/L 22,200 (12.7) 37,000 (18.4) 8560 (15.2) 43,900 (18.7) 10,700 (14.1) 53,100 (11.1) 67,900 (11.6)

Cimaxs TMOI/L 15,700 (14.3) 25,000 (16.9) 5790 (16.4)
tyo, h 0.80 (10.6) 0.78 (11.4) 0.89 (13.5)
ty, h 8.34 (10.1) 10.3 (18.9) 5.84 (60.6)
fes, % 25.8 (32.6) 32.1 (60.0) 9.43 (69.0)
CL, mL/min 39.3 (12.7) 47.1 (18.4) 40.7 (15.2)
V., L 28.4 (17.1) 41.8 (22.3) 20.6 (53.5)
Ve L 6.61 (11.2) 8.86 (24.8) 6.39 (23.3)

28,300 (28.9) 6940 (19.4) 32,100 (17.4) 25,600 (11.6)
091 (17.7) 090 (162)  0.93 (7.63) 1.16 (14.3)
10.8 (15.9)  9.83 (30.8)  9.52 (18.4) 10.1 (11.8)
39.8 (13.7) 124 (467)  32.0 (489)  30.0 (89.0)
39.6 (18.7) 327 (14.1) 328 (11.1) 257 (11.6)
372(15.6)  27.8(257)  27.1(9.67)  225(1L5)
8.03(34.0)  670(269)  634(12.6)  7.00 (12.4)

AUC, area under the concentration—time curve from zero to infinity, CL total clearance, C,,,, maximum plasma concentration, CV coefficient of
variation, fes fraction of analyte eliminated in urine from zero to 6 h, RI: 30-60 moderate renal impairment, RI: 60-90 mild renal impairment, #,,
terminal half-life, #,,,, initial half-life, Vi, volume of distribution at steady state, V, volume of distribution during the terminal phase

3.3.3 Mild Renal Impairment (RI) [RI: 60-90]

The idarucizumab 5 g dose in the RI: 60-90 volunteers was
associated with an increased AUC,, of 53,100 nM-h/L
compared with that in middle-aged volunteers (p = 0.002),
and a Cp,x of 32,100 nmol, achieved at the end of the
idarucizumab infusion (Table 2). In the initial phase,
plasma concentrations declined with a t,, of 56 min,
similar to elderly volunteers, and prolonged compared with
middle-aged volunteers (p = 0.0099). CL was reduced
compared with middle-aged volunteers (p = 0.002)
(Table 2). At the start of the terminal phase at ~6 h,
idarucizumab concentrations had declined to <3 % of Cy,.x
(Fig. 6).

Idarucizumab administration of 1 or 5 g resulted in an
immediate, dose-dependent reduction of dabigatran-pro-
longed clotting times to baseline values (Fig. 4a—c), similar
to findings in elderly volunteers. The AUEC,_j, of dTT
and ECT after idarucizumab (1 and 5 g doses) was reduced
by >76 and >98 %, respectively, and the AUEC,_, of
aPTT by >63 % with 1 g and >98 % with 5 g (Table 3).

As seen in elderly subjects, unbound dabigatran con-
centrations also decreased to <1 ng/mL after idarucizumab
1 or 5g, with the effect sustained at the high dose
(Fig. 3d). Total dabigatran levels were approximately
200 ng/mL prior to idarucizumab dosing, and increased
following idarucizumab to ~5.5-fold within ~ 30 min,
and then declined, as seen in the other groups.

3.3.4 Moderate RI (RI: 30-60)

Administration of 2 x 2.5 g idarucizumab in the RI: 30-60
volunteers was associated with an AUC_, of 67,900 nM-h/L
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and a C,, of 25,600 nmol, achieved at the end of the
second infusion (Table 2). Idarucizumab exposure (AUC.,)
in this group was increased by 83.5 % relative to the middle-
age group receiving idarucizumab 5 g (p < 0.0001). Ciax
cannot be directly compared with the other groups due to the
split dose (supplementary Fig. 5; Online Resource). The
initial half-life of approximately 70 min was prolonged
relative to the other groups (extended by 48.7 % relative to
the middle-age group receiving idarucizumab 5 g;
p = 0.0003) (Table 2). The terminal phase started when
plasma concentrations had already declined to low levels
(i.e. ~7 % or less of C,), and was similar to the other
groups. CL was 25.7 mL/min in the RI: 30-60 volunteers
compared with 47.1 mL/min in the middle-aged group
(p < 0.0001) [Table 2].

Volunteers with moderate RI received a total dose of
idarucizumab 5 g, administered as two 5-min infusions of
2.5 g 1 h apart. After the first infusion, there was an
immediate reduction of anticoagulation to baseline values
with all assays tested, and these remained reduced after the
second infusion (Fig. 5a—). The AUEC,_;, of dTT, ECT
and aPTT after idarucizumab infusion was reduced by
>98 % (Table 3).

Unbound dabigatran decreased to <1 ng/mL (LLOQ) in
the RI: 30-60 group after the first infusion, and remained
decreased over the measurement period of 120 h (Fig. 5d).
Prior to idarucizumab dosing, total dabigatran levels were
278 ng/mL. Concentrations of total dabigatran increased
5.8-fold over pre-infusion levels within 30 min and then
declined following the first idarucizumab infusion (sup-
plementary Fig. 5b; Online Resource). The second idaru-
cizumab infusion had no further effect on total dabigatran
concentrations.
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idarucizumab in subjects with RI: 30-60 are available in supplemen-
tary Fig. 5 (Online Resource)

A\ Adis



52

S. Glund et al.

Table 3 Mean (min—-max) percent reduction of AUEC,_;, for idarucizumab versus placebo for coagulation parameters in middle-aged, elderly, RI: 60-90 and RI: 30-60 subjects
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Idarucizumab dose group

2 x 2.5 g RL: 30-60

5 g RI: 60-90
(n=0)

(n=16)

1 g RI: 60-90
(n=6)

1 g Elderly (n = 8) 5 g Elderly (n = 8)

5 g Middle-aged
(n=10)

2.5 g Middle-aged

(n = 6]

Mean (min—-max) decrease in AUEC,_;, (%)

99.61(97.46-100.00) 78.03 (37.00-100.00) 98.89 (94.25-100.00) 99.91 (99.45-100.00)

95.35 (72.13-100.00)  95.63 (84.45-100.00) 65.46 (—8.32 to 95.22)

Diluted thrombin

time

98.62 (95.19-100.00) 98.01 (97.50-98.38)

97.07 (83.38-100.00) 76.51 (47.16-92.40)

97.16 (93.86-98.85)  96.39 (92.11-99.98)  70.27 (42.92-90.24)

Ecarin clotting

time

94.17 (83.73-100.00) 63.07 (2.93-90.18) 98.95 (96.44-100.00) 98.39 (95.94-99.69)

86.87 (50.88-100.00) 63.77 (32.20-86.05)

91.56 (77.75-100.00)

Activated partial
thromboplastin

time

AUEC,_,, area under the effect curve above baseline from 2 to 12 h from last administration of DE, DE dabigatran etexilate, max maximum, min minimum, RI: 30—-60 moderate renal

impairment, RI: 60-90 mild renal impairment

3.4 Urinary Excretion of Idarucizumab

In all treatment groups and with all idarucizumab doses,
the largest portion of idarucizumab excreted in urine was
between 0 and 6 h post-infusion, with negligible amounts
present in subsequent collection intervals. The fraction of
idarucizumab dose excreted in urine (feg) following
administration of a total dose of idarucizumab 5 g ranged
between 30.0 and 39.8 % across volunteer groups. Feg was
dose-dependent; for example, an increase from 9.4 to
39.8 % was observed following administration of idaru-
cizumab 1 and 5 g to elderly volunteers (Table 2).

3.5 Safety and Tolerability

Overall, 31 subjects (67 %) reported AEs during the trial:
21 (46 %) during pretreatment with dabigatran, 14 (30 %)
while receiving idarucizumab, and 12 (26 %) while
receiving placebo. All AEs were of mild intensity; no
AEs were serious, led to discontinuation, or were
indicative of allergic or immunogenic reactions. AE fre-
quency did not increase with idarucizumab dose, age or
stage of RI. During the treatment period and follow-up,
AEs defined as possibly drug-related by the investigator
were reported for six subjects (13 %) [see Sect. 2.1
Safety; Online Resource).

4 Discussion

In male and female volunteers aged 45-80 years with
normal or reduced renal function (CrCl > 30 mL/min),
idarucizumab resulted in immediate and complete reversal
of dabigatran-induced anticoagulation. The effect was
sustained for the entire observation period of at least 24 h
with doses of 2.5 or 5 g. Impaired renal function reduced
idarucizumab clearance, thereby increasing its AUC and
prolonging its initial half-life. However, idarucizumab was
cleared rapidly, with <7 % of the maximal concentration
measureable after 6 h. In line with the mode of action,
reversal of dabigatran anticoagulation occurred in parallel
with the reduction of unbound dabigatran plasma concen-
trations. All doses of idarucizumab were safe and well
tolerated.

Reversal of dabigatran anticoagulation by idarucizumab
was independent of age and renal function. Elderly (mean
age 09 years) and middle-aged subjects (mean age
52 years) had complete and sustained reversal of dabiga-
tran anticoagulation with the idarucizumab 5 g dose,
demonstrated using dTT, ECT and aPTT and supported by
measurement of unbound dabigatran concentrations. Sim-
ilarly, reversal was independent of impaired renal function,
demonstrated by the complete and sustained reversal
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observed in volunteers with mean CrCl of 76 and 59 mL/
min in the RI: 60-90 and RI: 30-60 groups, respectively.
Reversal effects on anticoagulation were dose dependent,
with the subtherapeutic idarucizumab 1 g dose showing a
partial return of anticoagulation, in contrast to the 2.5 or
5 g doses. The reversal profiles were comparable to those
previously observed in younger volunteers with a mean age
of 31 years and median CrCl of 130.4 mL/min [11]. This
demonstrates efficacy of 2.5 g or more of idarucizumab in
reversal of dabigatran anticoagulation, irrespective of age
and renal function tested.

Dabigatran is predominantly cleared renally [16]. Con-
sistent with this, dabigatran plasma levels and the degree of
anticoagulation were elevated in elderly and reduced renal
function volunteers. Median plasma levels at peak were
similar or elevated compared with plasma levels measured
in patients in RE-LY® (supplementary Fig. 2; Online
Resource), indicating that reversal with idarucizumab was
assessed in the setting of clinically relevant levels of
dabigatran.

Overall, the PK of idarucizumab were consistent with
the observations of a previous study [12]. The volume of
distribution at steady state was approximately two to three
times the plasma volume, indicating low tissue penetration.
Initial half-life increased with decreasing renal function,
which may explain the slight increase in initial half-life in
elderly subjects, who also had reduced CrCl compared with
middle-aged subjects (83.3 and 110.4 mL/min, respec-
tively). Subjects with moderate and mild RI (CrClI 58.7 and
72.8 mL/min, respectively) had greater idarucizumab
exposure than middle-aged subjects (p < 0.0001 and
p = 0.002, respectively) due to decreased clearance
(p < 0.0001 and p = 0.002, respectively) and prolonged
initial half-life (p = 0.0003 and p = 0.0099, respectively)
of idarucizumab. Dabigatran exposure is also increased
with RI due to increased half-life [16]. The increased
exposure to idarucizumab may have compensated for the
increased exposure to dabigatran, and thereby ensured the
complete reversal of dabigatran’s anticoagulant activity in
these subjects.

The rapid and high-affinity binding of idarucizumab to
dabigatran is demonstrated by the immediate decrease in
unbound dabigatran and reduction of dabigatran anticoag-
ulation. In parallel with the reduction of anticoagulant
activity and consistent with the mechanism of action of
idarucizumab, an increase in total dabigatran was observed.
Equimolar concentrations of idarucizumab and dabigatran
are required for complete neutralization of dabigatran
[10, 11]. Since idarucizumab remains predominantly in
blood, it binds any dabigatran in that compartment, creat-
ing a concentration gradient so that dabigatran moves from
the periphery into blood. This continues until all dabigatran
is bound in blood by idarucizumab, as seen with the

idarucizumab 2.5 or 5 g dose, or until idarucizumab is
saturated but not all dabigatran is bound, as seen with the
idarucizumab 1 g dose. In plasma, unbound dabigatran was
not detectable as long as the molar concentration of
idarucizumab was higher than the molar concentration of
total dabigatran. For the exposures of dabigatran, and
corresponding dabigatran body loads achieved in this
study, both idarucizumab 2.5 and 5 g were sufficient doses
for sustained reversal. This illustrates that idarucizumab
5 g is in excess of that required to neutralize mean dabi-
gatran levels seen in RE-LY, and that it does so consis-
tently across all age groups and all levels of renal function
tested. This is also the dose of idarucizumab currently
being tested in a phase III clinical study [17]. Due to the
rapid elimination of idarucizumab, anticoagulation treat-
ment may then be restarted as soon as 24 h after idaru-
cizumab administration [14].

In general, idarucizumab was safe and well tolerated;
there were no AEs that resulted in discontinuation of study
medication, and no clinically relevant safety concerns in
any safety parameters measured.

Limitations of this study include the relatively small
number of subjects assessed. A phase III study, RE-VERSE
AD, is currently ongoing to assess the effect of idaru-
cizumab at a dose of 5 g on the anticoagulant effect of
dabigatran in patients who have either uncontrolled
bleeding requiring urgent medical intervention, or who
require emergency surgery or procedures necessitating
rapid reversal of the anticoagulant effect of dabigatran
[17].

5 Conclusions

In male and female volunteers with age and renal function
more reflective of atrial fibrillation patients, a dose of
idarucizumab 2.5 or 5 g led to immediate, complete and
sustained reversal of dabigatran-induced anticoagulation.
Age, sex and renal function had no impact on the reversal
of dabigatran-induced anticoagulation by idarucizumab.
Idarucizumab was safe and well tolerated in all subject
groups. Clinical development is ongoing to assess the
effect of idarucizumab on dabigatran-induced anticoagu-
lation in patients requiring urgent reversal.
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