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Abstract
Background: Idarucizumab	 is	 a	 monoclonal	 antibody	 fragment	 that	 reverses	 dabi-
gatran	anticoagulation.	Pharmacokinetics	(PK)	of	idarucizumab	have	been	described	in	
healthy,	elderly,	or	renally	impaired	(RI)	volunteers,	but	PK	data	in	patients	are	lacking.
Objectives: This	analysis	describes	the	PK	of	idarucizumab	and	its	target	dabigatran	
in	bleeding/surgical	patients.
Patients and Methods: Results	from	the	Reversal	Effects	of	Idarucizumab	on	Active	
Dabigatran	study,	a	prospective,	multicenter,	single-arm	study	demonstrated	the	re-
versal	of	dabigatran	anticoagulation	by	 idarucizumab	in	patients	with	uncontrollable	
bleeding	(group	A)	or	who	needed	urgent	surgery	(group	B).	Idarucizumab	and	unbound	
dabigatran	concentrations,	immunogenicity,	and	pharmacodynamics	were	assessed.
Results: Total	and	unbound	dabigatran	levels	at	baseline	were	165	ng/mL	vs	110	ng/mL	 
and	103	ng/mL	 vs	 69.5	 ng/mL	 in	 group	A	 and	B	patients,	 respectively.	Maximum	
plasma	concentrations	and	area	under	the	curves	(AUC0-24)	of	idarucizumab	in	group	
A	vs	B,	respectively,	were	24	900	nmol/L	vs	25	000	nmol/L	and	76	600	nmol/h/L	vs	
68	000	nmol/h/L.	Idarucizumab	AUC0–24	increased	by	38%	in	mild,	90%	in	moderate,	
and	146%	in	severe	RI	patients	vs	normal	renal	function.	Hepatic	impairment	or	geo-
graphical	region	had	no	relevant	effect	on	idarucizumab	PK.	Idarucizumab	immedi-
ately	decreased	unbound	dabigatran	concentration	(<20	ng/mL).	A	linear	correlation	
was	observed	between	unbound	dabigatran	and	diluted	 thrombin	 time	and	ecarin	
clotting	time.	Antidrug	antibody	titers	were	low	(1-64	at	day	30;	0-16	at	day	90)	and	
had	no	impact	on	idarucizumab	PK	and	pharmacodynamics.
Conclusion: Idarucizumab	PK	 in	 target	 patients	was	 consistent	with	 phase	 I	 data.	
Patient	characteristics	had	no	impact	on	PK,	whereas	RI	increased	the	exposure	of	
idarucizumab	and	dabigatran.
Trial	registration	number:	ClinicalTrials.gov	NCT02104947.
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1  | INTRODUC TION

The	management	of	stroke	prevention	in	atrial	fibrillation	has	been	
improved	 with	 the	 introduction	 of	 direct-acting	 oral	 anticoagu-
lants1,2;	 however,	 as	with	 all	 anticoagulants,	 direct-acting	 oral	 an-
ticoagulant	 use	 is	 associated	 with	 an	 increased	 risk	 of	 bleeding.3 
There	is	therefore	a	need	for	reversal	agents	for	bleed	management.	
Idarucizumab	 is	 a	 humanized	 monoclonal	 antibody	 fragment	 that	
specifically	 inhibits	 the	anticoagulant	effect	of	dabigatran	and	has	
been	approved	for	use	in	adults.4,5

Idarucizumab	 reverses	 the	 treatment	 effects	 of	 dabigatran	 and	
provides	an	option	for	patient	management	during	rare	emergency	sit-
uations.	Results	from	the	Reversal	Effects	of	Idarucizumab	on	Active	
Dabigatran	 (RE-VERSE	AD)	 study	 confirmed	 the	 rapid	 and	 complete	
reversal	of	the	effects	of	dabigatran	anticoagulation	by	idarucizumab	in	
patients	with	life-threatening	or	uncontrolled	bleeding,	or	in	those	re-
quiring	urgent	surgery.6		The	pharmacokinetics	(PK)	were	not	described.

The	PK	of	 idarucizumab	has	been	evaluated	 in	phase	 I	 trials	 in	
healthy	 volunteers,	 and	 in	 elderly	 and	 renally	 impaired	 (RI)	 sub-
jects.7,8	 In	 these	 trials,	 idarucizumab	 infusion	 following	dabigatran	
administration	reduced	the	unbound	and	active	dabigatran	concen-
trations	 to	 the	 lower	 limit	 of	 quantification	 (1	ng/mL).7	 The	PK	of	
idarucizumab	was	shown	to	be	unaffected	by	age	in	older	otherwise	
healthy	subjects.	However,	impaired	renal	function	in	these	subjects	
resulted	in	decreased	idarucizumab	clearance	(normal:	47.1	mL/min	
vs	mild	RI:	32.8	mL/min	vs	moderate	RI:	25.7	mL/min)	and	prolonged	
initial	half-life	(up	to	49%).	Consequently,	total	exposure	to	idaruci-
zumab	increased	up	to	84%.8	In	phase	I	studies,	based	on	antidrug	
antibody	(ADA)	detection,	there	was	a	modest	immunogenic	effect	
of	 idarucizumab	with	no	detectable	effect	of	pre-existing	ADA	on	
the	PK	of	idarucizumab	or	its	pharmacologic	effect.9

Here	we	describe	 the	PK	of	 idarucizumab	and	unbound	dabig-
atran	in	patients	from	the	RE-VERSE	AD	study	patient	cohort,	and	
investigate	the	effect	of	patient	characteristics	on	the	PK	and	phar-
macodynamics	(PD)	of	 idarucizumab.	We	have	also	evaluated	ADA	
formation	in	the	target	patient	population.

2  | METHODS

2.1 | Study design and participants

The	study	design,	study	treatment,	and	 idarucizumab	dose	selection	
have	been	explained	in	detail	elsewhere.5,6	Briefly,	RE-VERSE	AD	was	
a	 multicenter,	 prospective,	 open-label	 study	 that	 included	 patients	
aged	≥18	years	who	presented	with	uncontrolled	or	 life-threatening	
bleeding	(group	A)	or	who	were	required	to	undergo	surgery	or	other	
invasive	procedures	with	a	risk	of	bleeding	(group	B)	that	could	not	be	
delayed	for	≥8	hours.	All	patients	received	5	g	of	 intravenous	idaru-
cizumab	administered	as	two	50-mL	bolus	infusions	each	containing	

2.5	g	of	idarucizumab	≤15	minutes	apart.	The	study	was	carried	out	in	
accordance	with	the	principles	of	the	Declaration	of	Helsinki	and	the	
International	Council	for	Harmonisation.	Each	patient	or	their	author-
ized	representative	provided	written	informed	consent.

2.2 | Procedures

The	PK	and	PD	assessments	were	performed	as	described	by	Pollack	
et al.6	Briefly,	blood	samples	for	PK	and	PD	assessments	were	obtained	
at	baseline,	after	the	first	infusion	of	idarucizumab,	and	between	10	and	
30	minutes	and	at	1,	2,	4,	12,	and	24	hours	after	the	second	infusion.	
Analyses	of	coagulation	assays	(dilute	thrombin	time	[dTT;	Hemoclot,	
Hyphen	BioMed,	Neuville	 sur	Oise,	 France]	 and	 ecarin	 clotting	 time	
[ECT;	in-house	assay,	6	U/mL	ecarin;	Pentapharm,	Basel,	Switzerland])	
was	 done	 using	 validated	 assays	 at	 Menal	 GmbH	 (Emmendingen,	
Germany)10;	 concentrations	of	 idarucizumab	as	well	 as	 unbound	and	
total	 dabigatran	were	 estimated	 at	 a	 central	 laboratory	 as	 described	
previously.6,8	Unbound	dabigatran	was	defined	as	the	fraction	of	da-
bigatran	that	was	neither	bound	to	idarucizumab	nor	plasma	proteins,	
and	which	is	an	approximate	measure	of	pharmacologically	active	dabi-
gatran.	Total	dabigatran	was	defined	as	bound	and	unbound	dabigatran.	
Both	total	and	unbound	dabigatran	included	the	active	metabolites	in	
plasma.	Idarucizumab	PK	parameters	were	determined	by	noncompart-
mental	analysis	using	Phoenix	WinNonlin.	The	area	under	the	curve	be-
tween	0	and	24	hours	(AUC0-24)	was	only	calculated	if	the	concentration	
measurement	at	24	hours,	as	well	as	at	least	one	of	the	two	measure-
ments	at	planned	time—4	and	12	hours—was	available.	The	maximum	
concentration	 (Cmax)	 and	 the	 time	 from	 the	 start	 of	 the	 infusion	 to	
achieve	maximum	concentration	were	only	determined	if	all	values	at	
the	planned	times	of	20	minutes	(ie,	between	10	and	30	minutes),	1	and	
2	hours	after	the	end	of	the	second	infusion	were	available.	Unbound	
dabigatran	concentrations	determined	as	“below	the	limit	of	quantifica-
tion”	were	replaced	by	a	value	of	1	ng/mL,	reflecting	the	value	of	the	
lower	limit	of	quantification.	The	dabigatran	concentrations	are	repre-
sented	in	ng/mL	to	allow	comparison	with	historical	data.	Idarucizumab	
concentrations	are	reported	in	nmol/L.

K E Y W O R D S

anti-drug	antibodies,	dabigatran,	idarucizumab,	pharmacokinetics,	reversal	agent

Essentials
•	 Idarucizumab	PK	has	been	described	 in	healthy	volun-
teers,	elderly	and	renally	impaired	subjects.

•	 PK	 of	 idarucizumab	 and	 its	 target	 dabigatran	 was	 as-
sessed	in	patients.

•	 Hepatic	 function	and	ADAs	had	no	 impact	on	 idaruci-
zumab	PK;	but	renal	impairment	altered	the	PK.

•	 Idarucizumab/dabigatran	 PK	 in	 patients	 is	 similar	 to	
healthy volunteers.
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Renal	function	category	based	on	creatinine	clearance	(CrCl)	was	cal-
culated	by	using	the	Cockcroft-Gault	formula	and	the	following	cutoffs:	
normal,	CrCl	≥80	mL/min,	mild	RI,	CrCl	≥50	to	<80	mL/min,	moderate	
RI,	CrCl	≥30	to	<50	mL/min	and	severe	RI,	CrCl	<30	mL/min.	For	assess-
ment	of	liver	function,	the	frequency	of	patients	with	elevated	aspartate	
transaminase and alanine transaminase or bilirubin was tabulated.

2.3 | Outcomes

The	concentrations	of	idarucizumab	as	well	as	unbound	dabigatran	
were	assessed	at	prespecified	time	points.	For	total	dabigatran,	con-
centration	before	first	idarucizumab	administration	was	determined.

2.4 | Anti‐idarucizumab antibodies

Samples	to	determine	the	presence	of	ADAs	against	idarucizumab	
were	 taken	 at	 baseline	 (before	 administration),	 on	 days	 30	 and	
90	 after	 idarucizumab	 administration.	 ADAs	 were	 detected	 in	
human	plasma	samples	by	a	validated	bridging	electrochemilumi-
nescence	method	 (Covance	Laboratories	 Inc.,	Chantilly,	Virginia),	
as described elsewhere.9	 The	 specificities	 of	 the	ADA	 for	 differ-
ent	idarucizumab	epitopes	were	assessed	in	a	competitive-format	
electrochemiluminescence	assay.	Two	molecules	were	used:	a	full-
length	immunoglobulin	G1	molecule	containing	two	idarucizumab	
Fab	 fragments	 (molecule	1)	and	a	Fab	with	constant	 regions	CH1 

and	CL	identical	to	those	in	idarucizumab,	but	with	different	vari-
able	regions	(molecule	2).	Blocking	by	molecule	1	only	would	sug-
gest	that	an	ADA	was	binding	to	variable	regions	of	idarucizumab;	
blocking	by	both	molecules	would	be	indicative	of	an	ADA	binding	
to	 the	 constant	 regions	 or	 binding	with	 a	mixed	 specificity;	 and	
blocking	by	molecule	2	only	would	suggest	that	an	ADA	was	bind-
ing	 to	an	epitope	near	 the	C-terminus	of	 idarucizumab	 (although	
this	would	be	an	ADA	that	is	disrupted	by	the	presence	of	CH2 and 
CH3	in	molecule	1).

2.5 | Statistical analysis

The	 PK	 analyses	were	 summarized	 descriptively	 (geometric	mean	
[gMean],	unless	otherwise	stated).	The	relationship	between	plasma	
concentration	of	unbound	dabigatran	and	its	active	metabolites	and	
clotting	variables	are	described	by	linear	regression	modeling.

3  | RESULTS

3.1 | PK of idarucizumab

3.1.1 | By patient group

The	plasma	concentration–time	profile	of	idarucizumab	was	similar	
between	bleeding	 (group	A)	 and	 surgical	 (group	B)	 patients.	After	

F I G U R E  1  Geometric	mean	plasma	concentration–time	profiles	of	idarucizumab	following	administration	of	idarucizumab	5	g	in	(A)	
patients	from	group	A	and	group	B;	(B)	patients	who	are	renally	impaired;	(C)	patients	with	hepatic	impairment;	and	(D)	in	patients	from	
different	regions
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completion	 of	 the	 second	 infusion,	 the	 concentration	 of	 idaruci-
zumab	rapidly	declined.	The	gMean	concentrations	12	and	24	hours	
after	 idarucizumab	 administration	 were	 529	 and	 133	 nmol/L	 in	
group	A,	respectively,	and	429	and	107	nmol/L	in	group	B,	respec-
tively	(Figure	1A).	Cmax	was	24	900	nmol/L	vs	25	000	nmol/L	and	the	
gMean	AUC0–24	was	76	600	nmol/h/L	vs	68	000	nmol/h/L,	for	group	
A	and	B,	respectively.

3.1.2 | By renal impairment

The	concentration–time	profile	of	idarucizumab	in	patients	by	renal	
function	 is	 illustrated	 in	 Figure	 1B.	 RI	 affected	 the	 PK	 of	 idaruci-
zumab.	 The	AUC0–24	 and	Cmax	 of	 idarucizumab	were	 increased	 by	
38%	and	20%	in	mild	RI	patients	(CrCl	50	to	<80	mL/min);	90%	and	
29%	 in	moderate	 (CrCl	30	 to	<50	mL/min);	 and	146%	and	33%	 in	
severe	(CrCl	<30	mL/min)	RI	patients	when	compared	with	patients	
with	normal	renal	function	(Table	1).

3.1.3 | By hepatic impairment

Hepatic	impairment	did	not	relevantly	affect	the	PK	of	idarucizumab	
(Figure	1C).

3.1.4 | By region

There	was	no	difference	in	the	PK	of	idarucizumab	between	the	pa-
tients	from	various	geographic	regions	(Figure	1D).

3.2 | Total and unbound dabigatran

3.2.1 | Overall total and unbound dabigatran 
at baseline

There	was	a	high	interindividual	variability	for	exposure	of	total	
dabigatran	 and	 corresponding	 unbound	 dabigatran	 (reflective	
of	the	variable	disease	states,	renal	function,	dabigatran	dose,	
and	timing	of	the	last	dose	of	dabigatran	before	measurement).	
The	 median	 (range)	 concentrations	 were	 139	 (5.45-3600)	 
ng/mL	 and	 92.6	 (1.0-2880)	 ng/mL,	 for	 total	 and	 unbound	 da-
bigatran,	respectively.	Among	21	patients	whose	baseline	total	
dabigatran	 concentration	 was	 ≥1000	 ng/mL,	 15	 patients	 had	
severe RI.

3.2.2 | By patient group

The	 concentrations	 of	 total	 and	 unbound	 dabigatran	 before	 idaruci-
zumab	treatment	(baseline)	did	not	differ	between	group	A	and	group	B	
patients.	The	total	dabigatran	levels	were	165	ng/mL	vs	110	ng/mL	and	
unbound	dabigatran	levels	were	103	ng/mL	vs	69.5	ng/mL,	in	group	A	vs	
B,	respectively	(Table	2).	In	both	patient	groups,	idarucizumab	administra-
tion	resulted	in	an	immediate	decrease	in	the	concentration	of	unbound	
dabigatran	to	the	lower	limit	of	quantification;	the	gMean	concentrations	
remained	<20	ng/mL	for	the	24-hour	observation	period	(Figure	2A).

3.2.3 | By renal impairment

At	 baseline,	 the	 plasma	 concentrations	 of	 total	 and	 unbound	 da-
bigatran	were	higher	 in	patients	with	RI	when	compared	with	pa-
tients	with	normal	renal	function	(Table	3).	However,	idarucizumab	
administration	decreased	the	concentration	of	unbound	dabigatran	
in	patients	with	various	degrees	of	RI;	the	gMean	concentrations	re-
mained	<20	ng/mL	for	 the	24-hour	observation	period,	except	 for	
the	severe	renal	impairment	group	in	which	a	slight	increase	above	
20	ng/mL	was	observed	24	hours	after	idarucizumab	(Figure	2B).

3.2.4 | By hepatic impairment

Hepatic	impairment	(defined	as	ALT/AST	1	–	<2	×	ULN;	2	–	<3	×	ULN;	 
≥3	×	ULN)	did	not	relevantly	alter	the	effect	of	idarucizumab	admin-
istration	on	the	PK	of	dabigatran	(Figure	2C).

3.2.5 | By region

Idarucizumab administration resulted in an immediate decrease in 
the	concentration	of	unbound	dabigatran	in	patients,	irrespective	of	
region	(Figure	2D).

3.2.6 | Correlation between plasma 
concentration of unbound dabigatran and 
coagulation parameters

The	 relationship	 between	 unbound	 dabigatran	 plasma	 concentra-
tion	and	the	primary	coagulation	tests,	dTT	and	ECT,	was	explored.	A	
close	linear	correlation	was	observed	for	both	markers	in	the	concen-
tration	range	up	to	~700	ng/mL	unbound	dabigatran	(Figure	3A,	B).

TA B L E  1  Pharmacokinetic	parameters	of	idarucizumab	following	administration	of	idarucizumab	in	patients	with	renal	impairment

Renal impairment

Normal  
(CrCl ≥80 mL/min)

Mild  
(CrCl 50 to <80 mL/min)

Moderate  
(CrCl 30 to <50 mL/min)

Severe  
(CrCl <30 mL/min)

N gMean (gCV%) N gMean (gCV%) N gMean (gCV%) N gMean (gCV%)

AUC0–24 76 47	100	(30.6) 116 65	000	(29.8) 96 89	700	(32.2) 59 116	000	(36.6)

Cmax 89 20	700	(33.3) 136 24	900	(29.2) 109 26	700	(31.0) 77 27	500	(26.7)

Abbreviations:	AUC0–24,	area	under	the	concentration–time	curve	from	0	to	24	hours	postdose;	Cmax,	maximum	plasma	concentration;	CrCl,	creati-
nine	clearance;	gCV%,	geometric	coefficient	of	variation;	gMean,	geometric	mean.
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3.2.7 | Timing and magnitude of recurrence of 
unbound dabigatran concentrations

The	 timing	 of	 recurrence	 appeared	 to	 depend	 upon	 baseline	 un-
bound	dabigatran	levels,	with	higher	concentrations	(≥1000	ng/mL)	
related	to	earlier	recurrence.	The	magnitude	of	recurrence	appeared	
to	 be	 associated	with	 both	 elevated	 baseline	 unbound	 dabigatran	
concentrations	and	impaired	renal	function.	Of	16	patients	with	re-
currence	up	to	4	hours	after	idarucizumab	treatment,	all	had	higher	

baseline	 unbound	 dabigatran	 concentrations	 >640	 ng/mL	 and	 14	
had	CrCl	<40	mL/min.

3.3 | Anti‐idarucizumab antibodies

3.3.1 | Pre‐existing ADAs

A	 total	 of	 28	 of	 501	 (5.6%)	 evaluable	 patients	 tested	 positive	 for	
ADAs	 against	 idarucizumab.	Of	 these,	 19	 patients	 tested	 positive	

Total dabigatran (ng/mL)a
Unbound dabigatran  
(ng/mL)b

N gMean (gCV%) N gMean (gCV%)

Group	A 281 165	(157) 288 103	(216)

Group	B 191 110	(145) 193 69.5	(180)

Groups	A	and	B 472 140	(156) 481 87.8	(205)

Abbreviations:	BLQ,	below	the	limit	of	quantification;	gCV%,	geometric	coefficient	of	variation;	
gMean,	geometric	mean.
aBLQ	values	not	considered	in	descriptive	statistics;	eight	patients	had	BLQ	at	baseline.	
bBLQ	values	replaced	with	1.00	ng/mL.	

TA B L E  2  Plasma	concentrations	of	
total	and	unbound	dabigatran	at	baseline

F I G U R E  2  Geometric	mean	plasma	concentration–time	profiles	of	unbound	dabigatran	following	administration	of	idarucizumab	5	g	in	
(A)	patients	from	group	A	and	group	B;	(B)	patients	who	are	renally	impaired;	(C)	patients	with	hepatic	impairment;	and	(D)	in	patients	from	
different	regions
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for	ADAs	before	 idarucizumab	administration	 (pre-existing	ADAs).	
Of	these	19	patients,	16	showed	the	presence	of	ADAs	during	the	
follow-up	period,	indicating	a	possibly	persistent	response.	The	re-
maining	three	patients	tested	positive	for	ADAs	before	idarucizumab	
administration	and/or	at	the	30-day	follow-up,	but	tested	negative	
at	 the	90-day	 follow-up,	 indicating	 a	 transient	 response	 (Table	 4).	
For	most	cases	(n	=	17),	ADAs	were	directed	against	the	C-terminus	
epitope;	for	two	patients,	there	was	a	switch	or	mixed	specificity.

3.3.2 | Treatment‐emergent ADAs

Nine	 of	 501	 patients	 (1.8%)	 had	 a	 treatment-emergent	 ADA	 re-
sponse.	The	response	was	possibly	persistent	in	eight	patients	and	

transient	in	one	patient	who	tested	positive	only	at	the	30-day	fol-
low-up	visit,	but	not	at	the	90-day	visit	(Table	5).

3.3.3 | Effect of ADAs on the PK/PD of 
idarucizumab

Anti-idarucizumab	 antibodies	 had	 no	 apparent	 effect	 on	 the	 PK	
or	PD	of	idarucizumab;	individual	plasma	concentrations	of	idaru-
cizumab,	 dabigatran,	 and	 coagulation	 times	 of	 ADA-positive	 pa-
tients	 were	 generally	 within	 the	 95th	 percentile	 of	 the	 overall	
population.

4  | DISCUSSION

The	results	of	 the	present	study	are	consistent	with	the	 idaruci-
zumab	PK	in	phase	I	and	confirm	that	patient	characteristics	such	
as	 type	 (bleeding	 or	 surgical),	 geographic	 region,	 or	 presence	of	
hepatic	impairment	have	no	impact	on	the	PK	of	idarucizumab	and	
its	 target	 dabigatran.	Consistent	with	 earlier	 findings,	RI	 altered	
the	PK	of	 idarucizumab.8	ADAs	were	detected	 in	 low	 frequency	
and	 low	titers;	however,	these	had	no	effect	on	the	PK	or	PD	of	
idarucizumab.9

The	PK	profile	of	 idarucizumab	showed	a	similar	pattern	in	pa-
tients	from	both	bleeding	and	surgical	cohorts.	The	observed	idaru-
cizumab	 plasma	 concentration–time	 profiles	 were	 consistent	 with	
the	findings	in	phase	I	studies	of	healthy	volunteers,	elderly	volun-
teers,	and	volunteers	with	mild	or	moderate	RI.7,8

Renal	impairment	was	the	major	factor	that	had	an	effect	on	the	
PK	of	idarucizumab,	whereby	idarucizumab	AUC	increased	with	se-
verity	of	RI.	The	effect	was	less	pronounced	for	Cmax,	because	Cmax 
after	 a	 single	 intravenous	 infusion	 is	 not	 expected	 to	 be	 substan-
tially	affected	by	the	clearance.	These	findings	are	consistent	with	
the	earlier	observations	from	a	phase	I	study	in	RI	subjects.8	An	at	
least	equimolar	(1:1)	amount	of	idarucizumab	is	needed	for	complete	
binding	and	reversal	of	dabigatran.7,8	 In	RI,	dabigatran	exposure	 is	
increased	 because	 of	 increased	 half-life.8,11	 Consequently,	 the	 in-
crease	in	idarucizumab	exposure	with	RI	may	contribute	to	the	com-
plete	reversal	of	the	anticoagulant	effects	of	dabigatran.8

Increased	 idarucizumab	 exposure	 was	 not	 associated	 with	
adverse	 safety	 signals,	 as	 demonstrated	 in	 outcomes	 from	 the	 
RE-VERSE	 AD	 full	 cohort	 analysis.6	 This	 observation	 therefore	

TA B L E  3  Plasma	concentrations	of	total	and	unbound	dabigatran	at	baseline	by	RI

Renal impairment

Normal  
(CrCl ≥80 mL/min)

Mild  
(CrCl 50 to <80 mL/min)

Moderate  
(CrCl 30 to <50 mL/min)

Severe  
(CrCl <30 mL/min)

N gMean (gCV%) N gMean (gCV%) N gMean (gCV%) N gMean (gCV%)

Total	dabigatran	
(ng/mL)

93 72	(114) 154 99.8	(114) 124 177	(147) 87 381	(120)

Unbound	dabigatran	 
(ng/mL)

100 37.1	(204) 156 63.5	(137) 124 122	(159) 87 272	(135)

Abbreviations:	CrCl,	creatinine	clearance;	gCV%,	geometric	coefficient	of	variation;	gMean,	geometric	mean.

F I G U R E  3   Correlation between unbound dabigatran with (A) dTT 
and (B) ECT. dTT, diluted thrombin time; ECT, ecarin clotting time
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TA B L E  4  Characterization	of	individual	pre-existing	ADAs	observed	in	19	of	501	subjects	from	the	RE-VERSE	AD	Study,	showing	ADA	
titers	and	percentage	blocking	of	ADAs	by	alternative	molecules

Assaya

Assay response

CommentsBaseline 30‐d 90‐d

Group	A

ADA 4 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 6.3 Anti-C-terminus

Molecule 2 93.2

ADA 64 64 16 Pre-existing,	possibly	persistent	response

Molecule 1 13.8 8.8 −12.4 Anti-C-terminus

Molecule 2 89.8 98 96.9

ADA 4 4 4 Pre-existing,	possibly	persistent	response

Molecule 1 6 −0.2 14 Anti-C-terminus

Molecule 2 93.6 94.6 93.6

ADA 8 1 1 Pre-existing,	possibly	persistent	response

Molecule 1 −13.8 −22.9 −31.6 Anti-C-terminus

Molecule 2 93.7 90.5 90.6

ADA 2 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 −24.7 Anti-C-terminus

Molecule 2 90.4

ADA 2 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 25.6 Anti-C-terminus

Molecule 2 90

ADA 8 0 0 Pre-existing,	transient	response

Molecule 1 −29.4 Anti-C-terminus

Molecule 2 93.3

ADA 1 2 2 Pre-existing,	possibly	persistent	response

Molecule 1 3.1 −22.4 20.8 Anti-C-terminus

Molecule 2 85.1 82.8 87.1

Group	B

ADA 2 1 0 Pre-existing,	transient	response

Molecule 1 1.5 −14.9 Anti-C-terminus

Molecule 2 83.9 67.3

ADA 8 2 Missing Pre-existing,	possibly	persistent	response

Molecule 1 7.2 10.6 Anti-C-terminus

Molecule 2 97 90.3

ADA 4 4 4 Pre-existing,	possibly	persistent	response

Molecule 1 33.5 6.2 33.6 Anti-C-terminus

Molecule 2 95 94.4 94.2

ADA 4 4 Missing Pre-existing,	possibly	persistent	response

Molecule 1 −7.8 −11.9 Anti-C-terminus

Molecule 2 88.5 88

ADA 2 1 1 Pre-existing,	possibly	persistent	response

Molecule 1 8.8 −17.5 −60.2 Anti-C-terminus

Molecule 2 85.2 80.3 83.7

ADA 8 4 8 Pre-existing,	possibly	persistent	response

Molecule 1 8.6 −3 5.3 Anti-C-terminus

(Continues)
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supports	the	use	of	idarucizumab	in	the	emergency	setting.	No	dose	
adjustment	of	idarucizumab	is	recommended	in	RI.

Idarucizumab	has	not	been	studied	in	patients	with	hepatic	im-
pairment.	Antibody	fragments	are	known	to	be	eliminated	mainly	by	
proteolytic	catabolism	in	the	kidney.4	Therefore,	an	effect	of	hepatic	
impairment	on	the	PK	of	idarucizumab	was	not	expected,	which	was	
confirmed	by	the	observations	from	the	present	study.	The	impact	
of	 ethnicity	 was	 not	 assessed;	 however,	 no	 relevant	 differences	
were	observed	when	idarucizumab	PK	was	analyzed	by	geographi-
cal	region.	Additionally,	age	has	no	effect	on	the	PK	of	idarucizumab	
as	indicated	by	a	population	PK	analysis	that	included	data	from	220	
volunteers	 and	486	patients	 (unpublished	data).	 This	 is	 consistent	
with	earlier	findings	in	volunteers	that	observed	no	impact	of	age	on	
the	PK	of	idarucizumab.8

There	was	no	difference	in	the	levels	of	unbound	dabigatran	in	
bleeding	(group	A)	and	surgical	(group	B)	patients.	Dabigatran	is	pri-
marily	 cleared	 via	 renal	 excretion.11	 Accordingly,	 dabigatran	 levels	
at	baseline	were	 increased	 in	RI	patients.	RI	had	no	effect	on	 the	
reversal	effects	of	idarucizumab.6

Overall,	after	idarucizumab	administration,	unbound	dabigatran	
levels	 decreased	 to	 <20	 ng/mL,	 a	 level	 that	 is	 presumed	 to	 pro-
duce	 little	 or	 no	 anticoagulant	 effect.	 The	 gMean	 concentrations	
remained	<20	ng/mL	during	the	observation	period,	 indicating	the	
almost	complete	binding	of	circulating	dabigatran	by	idarucizumab.	
Nevertheless,	 a	 recurrence	of	 unbound	dabigatran	 concentrations	
of	20	ng/mL	or	higher	was	observed	in	114	patients,	most	likely	be-
cause	of	dabigatran	being	redistributed	from	the	extravascular	to	the	

intravascular	compartment.	However,	as	reported	previously,6 only 
10	 patients	 with	 recurrent	 elevation	 in	 clotting	 time	 experienced	
bleeding.	Consequently,	a	second	dose	of	idarucizumab	should	only	
be	considered	in	those	patients	with	a	recurrent	elevation	in	clotting	
time	who	also	have	new-onset	or	recurrent	bleeding.	The	magnitude	
of	recurrence	of	unbound	dabigatran	concentrations	was	also	asso-
ciated	with	impaired	renal	function.

In	 the	 RE-VERSE	 AD	 trial,	 the	 median	 maximum	 percentage	
reversal	 of	 dabigatran	was	100%,	based	on	either	 the	ECT	or	 the	
dTT.6	 ECT	 and	 dTT	 are	most	 suited	 for	 evaluating	 the	 anticoagu-
lant	activity	of	dabigatran	and	the	reversal	of	dabigatran's	effects	by	
idarucizumab	because	of	their	close	correlation	with	unbound	dabig-
atran concentration.7	We	observed	a	linear	correlation	for	both	ECT	
(R2	=	0.8733)	and	dTT	(R2	=	0.8765)	with	unbound	dabigatran	 lev-
els.	Despite	different	coagulation	assays	with	different	sensitivities,	
and	possible	variation	in	the	quality	of	patients’	blood	samples,	the	
scatter	of	 individual	data	points	around	the	regression	line	did	not	
generally	impact	the	assessment	of	the	extent	of	reversal	in	patients	
with	the	highest	dabigatran	levels.	These	findings	were	in	line	with	
phase	I	results.7,8

Our	study	extends	observations	on	immunogenicity	from	phase	
I volunteer studies9	 to	 patients.	 Both	 pre-existing	 and	 treatment-
emergent	ADAs	were	observed	in	a	smaller	fraction	of	the	target	pa-
tient	population	compared	with	phase	I	volunteers—3.8%	vs	11.7%	
and	1.8%	vs	8.5%,	respectively,	for	pre-existing	and	treatment-emer-
gent	ADAs.	The	reason	for	a	lower	ADA	frequency	in	patients	com-
pared	with	volunteers	was	not	 immediately	apparent.	A	decreased	

Assaya

Assay response

CommentsBaseline 30‐d 90‐d

Molecule 2 86.7 85.4 87

ADA 16 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 −10.4 Anti-C-terminus

Molecule 2 98.7

ADA 4 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 5 Anti-C-terminus

Molecule 2 90.9

ADA 2 Missing Missing Pre-existing,	possibly	persistent	response

Molecule 1 32.6 Anti-C-terminus

Molecule 2 83.8

ADA 4 2 2 Pre-existing,	possibly	persistent	response

Molecule 1 4.2 −4.1 40.4 Anti-C-terminus

Molecule 2 91.8 87.1 87.3

ADA 2 0 0 Pre-existing

Molecule 1 48 Mixed	specificity

Molecule 2 80.1

Abbreviations:	ADA,	anti-drug	antibody	assay	(providing	the	titer);	IgG,	immunoglobin	G.
aTiter,	a	titer	in	ADA	assay	(0	indicates	an	ADA-negative	sample);	molecule	1,	assay	for	epitope	specificity	using	the	full	length	IgG	version	of	idaru-
cizumab	(results	are	displayed	as	%	inhibition	of	signal);	molecule	2,	a	Fab	with	constant	regions	identical	to	idarucizumab	but	with	different	variable	
regions	(results	are	displayed	as	%	inhibition	of	signal).	

TA B L E  4   (Continued)
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immune	response	in	the	very	elderly	may	account	for	this.	The	age	
of	patients	 in	 this	 study	 (mean,	76.6	years;	median,	78	years)	was	
substantially	higher	compared	with	the	volunteers	in	phase	I	(mean,	

36	 years;	median,	 32	 years).7,8,12	Overall,	 anti-idarucizumab	ADAs	
were	detected	in	a	small	fraction	(5.6%)	of	the	investigated	patient	
population.	The	observed	titers	were	extremely	low	relative	to	the	
idarucizumab	 dosage	 under	 evaluation,	 consistent	 with	 a	 pooled	
analysis	of	phase	1	trials,9	and	pre-existing	ADAs	had	no	apparent	
effect	on	the	PK/PD	of	idarucizumab.

5  | CONCLUSIONS

Exposure	 to	 idarucizumab	and	 its	 target	dabigatran	was	 increased	
in	RI	patients,	whereas	hepatic	impairment	and	geographical	region	
had	no	relevant	effect	on	PK.	Administering	idarucizumab	led	to	an	
immediate	decrease	in	the	concentration	of	unbound	dabigatran	to	
<20	ng/mL.	There	was	a	linear	correlation	between	plasma	concen-
tration	of	unbound	dabigatran	and	ECT	and	dTT	assays.	Pre-existing	
ADAs	were	detected	in	3.8%	of	patients;	most	of	these	were	C-ter-
minus	specific.	Treatment-emergent	ADAs	were	detected	in	1.8%	of	
patients.	 The	 observed	 titers	 of	 pre-existing	 and	 treatment-emer-
gent	ADAs	were	low	and	the	presence	of	ADAs	had	no	effect	on	the	
PK	or	PD	of	idarucizumab.

In	 the	 target	 patient	 population,	 the	 observed	 idarucizumab	
plasma	concentration–time	profiles,	as	well	as	its	effects	on	dabig-
atran	PK,	were	 consistent	with	 observations	 in	 phase	 I	 studies	 of	
healthy	volunteers,	the	elderly,	and	volunteers	with	mild	or	moder-
ate RI.
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TA B L E  5  Characterization	of	individual	treatment-emergent	ADAs	
observed	in	9	of	501	subjects	from	the	RE-VERSE	AD	Study,	showing	
ADA	titers	and	percentage	blocking	of	ADAs	by	alternative	molecules

Assaya

Assay response

CommentsBaseline 30‐d 90‐d

ADA 0 1 1 Possibly	persis-
tent	response

Molecule 1 −3.6 −15

Molecule 2 80.2 79.8 Anti-C-terminus

ADA 0 8 8 Possibly	persis-
tent	response

Molecule 1 92.1 94.6

Molecule 2 56.8 51.9 Primarily	
antivariable

ADA 0 4 2 Possibly	persis-
tent	response

Molecule 1 7.3 34.3

Molecule 2 83.5 76.1 Anti-C-terminus

ADA 0 0 4 Possibly	persis-
tent	response

Molecule 1 −0.7

Molecule 2 84.1 Anti-C-terminus

ADA 0 8 0 Transient 
response

Molecule 1 50.2 Mixed	specificity

Molecule 2 88.8

ADA 0 4 Missing Possibly	persis-
tent	response

Molecule 1 19.9 Anti-C-terminus

Molecule 2 76.4

ADA 0 0 4 Possibly	persis-
tent	response

Molecule 1 94

Molecule 2 52.4 Primarily	
antivariable

ADA 0 8 Missing Possibly	persis-
tent	response

Molecule 1 3.9

Molecule 2 87.6 Anti-C-terminus

ADA 0 4 Missing Possibly	persis-
tent	response

Molecule 1 17.6

Molecule 2 92.8 Anti-C-terminus

Abbreviations:	ADA,	antidrug	antibodies;	IgG,	immunoglobulin	G.
aTiter,	a	titer	in	ADA	assay	(0	indicates	an	ADA-negative	sample);	mol-
ecule	1,	assay	for	epitope	specificity	using	the	full-length	IgG	version	
of	idarucizumab	(%	signal	inhibition);	molecule	2,	a	Fab	with	constant	
regions	identical	to	idarucizumab	but	with	different	variable	regions	(%	
signal	inhibition).	
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