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Abstract
Background: The direct factor Xa inhibitor rivaroxaban is approved for the treatment 
of	venous	thromboembolism	(VTE),	based	on	the	results	of	large	phase	III	trials.
Objectives: To confirm rivaroxaban's effectiveness and safety in routine clinical care 
of patients with VTE.
Methods: Data were obtained from prospective, noninterventional registries: the 
FIRST	registry	(United	Kingdom),	DRESDEN	NOAC	registry	(Germany),	and	SWIVTER	
(Switzerland).	Baseline	characteristics	of	these	registries	and	effectiveness	and	safety	
outcome	rates	for	the	FIRST	and	DRESDEN	NOAC	registries	were	compared.
Results: A	 total	of	1841	 rivaroxaban-	treated	patients	with	acute	VTE	 (57.9%	male,	
76.6%	deep	vein	thrombosis	[DVT];	23.4%	pulmonary	embolism ± DVT;	median	age,	
61 years)	were	included:	1217	from	the	FIRST	registry,	418	from	the	DRESDEN	NOAC	
registry,	and	206	from	SWIVTER.	Median	time	between	VTE	diagnosis	and	initiation	
of	rivaroxaban	was	1.4 ± 1.81 days	(25th–	75th	percentile	1–	1;	range,	0–	15 days).	On-	
treatment	outcome	 rates	 for	 the	FIRST	and	DRESDEN	NOAC	 registries	were	0.74	
per	100	patient-	years	(95%	confidence	interval	[CI],	0.35–	1.54)	versus	0.96	per	100	
patient-	years	(95%	CI,	0.46–	2.01)	for	VTE	recurrence;	1.16	per	100	patient	years	(95%	
CI,	0.64–	2.09)	versus	2.51	per	100	patient-	years	(95%	CI,	1.58–	3.98)	for	ISTH	major	
bleeding	 and	 1.69	 per	 100	 patient-	years	 (95%	CI,	 1.21–	2.35)	 versus	 1.73	 per	 100	
patient-	years	(95%	CI,	1.27–	2.36)	for	all-	cause	mortality	(intention-	to-	treat	analysis),	
respectively.
Conclusion: Overall	treatment	outcomes	were	consistent	with	the	results	of	the	phase	
III	rivaroxaban	trials	in	VTE	treatment,	indicating	that	the	use	of	rivaroxaban	offers	ac-
ceptable treatment results also in routine care. However, we observed significant dif-
ferences	in	patient	characteristics	and	management	patterns	across	Switzerland,	the	
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Essentials

• Registries are data collection tools for verifying results from clinical trials in daily routine.
•	 Thrombosis	therapy	with	rivaroxaban	was	compared	in	three	registries	from	the	United	Kingdom,	Switzerland,	and	Germany.
• Treatment results in registries were comparable to results of clinical trials.
•	 Differences	in	methodologies	indicate	a	need	for	standardization	of	observational	registries.

1  |  INTRODUC TION

Compared	to	vitamin	K	antagonists	(VKAs),	direct	oral	anticoagulants	
(DOACs)	are	characterized	by	a	better	dose–	response	relationship	
and fewer interactions with food or comedications and, therefore, 
do not require routine monitoring and frequent dose adjustments.1 
Today,	DOACs	have	become	the	standard	anticoagulation	 therapy	
for	patients	with	deep	vein	thrombosis	(DVT)	and	pulmonary	embo-
lism	(PE).	The	DOAC	rivaroxaban,	a	direct	factor	Xa	inhibitor,	dem-
onstrated	noninferior	efficacy	to	VKAs	in	two	large	phase	III	trials,	
the	EINSTEIN	DVT	 and	 the	EINSTEIN	PE,	 leading	 to	 approval	 for	
venous	thromboembolism	(VTE)	treatment.2,3	In	a	pooled	analysis	of	
the	two	trials,	rivaroxaban	demonstrated	superior	safety	over	VKAs	
based	on	an	absolute	risk	reduction	for	major	bleeding	of	0.8%,	cor-
responding	to	a	relative	risk	reduction	of	46%.4

Current	 guidelines	 of	 the	 American	 Society	 of	 Hematology,	
American	 College	 of	 Chest	 Physicians	 (ACCP),	 and	 the	 European	
Society	 of	 Cardiology	 recommend	 an	 anticoagulation	 duration	 of	
3 months in patients with provoked VTE.5–	7 Extended duration 
should be considered for patients with a first episode of an unpro-
voked proximal DVT or PE and low bleeding risk, as well as in patients 
with	persistent	risk	factors	such	as	ongoing	cancer.	Anticoagulation	
treatment of indefinite duration is recommended in patients with a 
second episode of unprovoked proximal DVT or PE and in those with 
permanent major risk factors.

However, implementation of guideline recommendations into 
daily practice is not without challenges, and observational studies 
such as prospective registries can be used to assess adherence to 
guidelines.	Furthermore,	registries	can	evaluate	the	external	validity	
of	phase	III	trials	in	unselected	populations	treated	in	routine	“real-	
world” clinical practice.

Several	national	registries	with	different	designs	have	been	set	
up, each reporting primarily on rivaroxaban use in VTE8–	16 and, 
moreover,	on	different	 types	of	DOACs	 including	 rivaroxaban	and	
approved anticoagulation for VTE treatment. However, these obser-
vational studies differ considerably in design, patient selection, dura-
tion	of	follow-	up,	and	outcome	definitions,	limiting	generalizability	of	
conclusions. We therefore set out to investigate the methodological 

and clinical differences across three prospective regional noninter-
ventional	registries:	the	Follow-	up	in	Rivaroxaban	Patients	in	Setting	
of	 Thromboembolism	 (FIRST)	 registry	 in	 the	United	 Kingdom,16,17 
the	Register	 for	New	Oral	Anticoagulants	 (DRESDEN	NOAC)	 reg-
istry in Germany12,18	 and	 the	 Swiss	 Venous	 Thromboembolism	
Registry	 (SWIVTER)	 in	 Switzerland.13 We assessed the overall ef-
fectiveness	and	safety	of	acute	VTE	treatment	with	rivaroxaban.	In	
addition, we examined differences in VTE treatment patterns and 
approaches	among	the	United	Kingdom,	Germany,	and	Switzerland.

2  |  METHODS

2.1  |  Subjects

For	this	project,	data	from	subjects	enrolled	in	either	the	FIRST	reg-
istry,	the	DRESDEN	NOAC	registry,	or	SWIVTER	were	pooled.

The	 FIRST	 registry16	 is	 a	 United	 Kingdom–	only	 prospective,	
noninterventional,	 investigator-	led,	 multicenter,	 single-	cohort	 reg-
istry.	The	FIRST	 registry	enrolled	patients	with	acute	DVT	and/or	
symptomatic PE confirmed at the site by appropriate diagnostic im-
aging,	which	were	treated	with	rivaroxaban.	Enrollment,	follow-	up,	
and data collection were managed by 22 individual sites locally. The 
frequency	of	follow-	up	visits	or	patient	contact	was	planned	in	ac-
cordance with the routine clinical practice at each participating site. 
For	all	patients,	contacts	(visits	or	phone	calls)	took	place	at	regular	
intervals that reflect normal clinical practice. When patients were 
not	returning	to	the	hospital,	follow-	up	took	place	annually	by	phone	
call.

The	 DRESDEN	 NOAC	 Registry12,18 is an ongoing prospective 
registry	in	the	administrative	district	of	Dresden	(Saxony),	Germany,	
including both patients with atrial fibrillation and VTE. Patients were 
enrolled by a network of more than 240 physicians from private 
practices and hospitals and prospectively followed up by phone calls 
from the central registry office to collect data on the efficacy, safety, 
and	management	of	DOAC	therapy	in	daily	care.

The	 prospective	 SWIVTER13	 enrolled	 in-		 and	 outpatients	
with	 VTE	 from	 academic	 and	 nonacademic	 primary–	tertiary	 care	

United Kingdom, and Germany, limiting direct comparisons of unadjusted outcome 
event rates between registries.

K E Y W O R D S
anticoagulant, hemorrhage, registries, rivaroxaban, venous thromboembolism
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hospitals	in	Switzerland.	Inclusion	criteria	were	age 18 years	or	older	
and objectively confirmed acute DVT or PE by diagnostic imag-
ing; this included compression ultrasound or venography for DVT, 
and	 contrast-	enhanced	 chest	 computed	 tomography,	 ventilation–	
perfusion scan, or conventional pulmonary angiography for PE, and 
complete	 follow-	up	at	90 days.	No	exclusion	criteria	were	applied.	
The diagnosis and management of acute VTE was performed ac-
cording to the standard of care at each participating hospital.19

The study synopses for each of the three registries are outlined 
in Tables S1–	S3	in	Appendix	S1.

All	 three	 registries	have	 similar	 aims	but	different	approaches.	
They	differ	in	structure	and	data	collection.	All	three	have	included	
a relevant number of patients with VTE treated with rivaroxaban. 
Participating physicians were not subject to any instructions with 
regard to the diagnosis and therapy of their patients in all three 
registries. Each treatment was carried out within clinical routine at 
the discretion of the physician and according to existing treatment 
guidelines.

The	categorization	of	the	index	VTE	event	as	provoked	or	unpro-
voked	was	performed	according	to	ACCP	guidelines20:

• VTE provoked by major surgery/major trauma within the past 
3	months	(a	major	transient	risk	factor)

• VTE provoked by a nonsurgical transient risk factor (e.g., estrogen 
therapy, pregnancy, nonfracture leg injury, flight of greater than 
8	h)

•	 Cancer-	associated	VTE	 (defined	as	cancer	diagnosed	within	 the	
previous 6 months; recurrent, regionally advanced, or metastatic 
cancer; cancer for which treatment had been administered within 
the previous 6 months; or hematologic cancer that was not in 
complete	remission)21

• Unprovoked VTE

All	three	registries	used	different	definitions	for	“active	cancer”	
(Table S4).

2.2  |  Objectives

The primary objective was to evaluate the effectiveness and safety 
of rivaroxaban in acute VTE treatment in a pooled analysis of the 
FIRST	registry,	DRESDEN	NOAC	registry,	and	SWIVTER.

Although	 the	 statistical	 analysis	 plan	 intended	 to	 include	
SWIVTER	data	in	the	pooled	outcome	assessment,	this	was	not	pos-
sible due to the lack of data granularity with regard to treatment 
type	and	duration	 for	 specific	 time	points.	 In	SWIVTER,	anticoag-
ulant treatment duration was collected only in categories, for ex-
ample, “less than 3 months, greater than 3 to less than 6 months, 
greater	than	6–	12	months,	and	>12–	24	months,”	and	documentation	
of treatment type in the database allowed for entry of several anti-
coagulants per time interval, making censoring or association of out-
come	events	to	a	specific	treatment	impossible.	Finally,	the	starting	
date for rivaroxaban treatment was not specifically collected so that 

the exact date was not available for patients switching from initial 
non-	rivaroxaban	therapies	to	rivaroxaban	only	later.	Therefore,	the	
pooled analysis of all three registries was performed only for com-
parisons of baseline characteristics, and the pooled outcome anal-
ysis	was	restricted	to	patients	enrolled	in	the	FIRST	and	DRESDEN	
NOAC	registries.

To assess the effectiveness of rivaroxaban therapy in VTE, we 
evaluated	the	annualized	rate	of	the	recurrent	VTE.	The	main	safety	
outcome	was	the	annualized	rate	of	major	bleeding	according	to	the	
ISTH	definition.22	Further	safety	outcomes	were	rates	of	ISTH	clin-
ically	relevant	nonmajor	(CRNM)	bleeding23	and	all-	cause	mortality.

The secondary objective was to describe and compare the de-
sign and methodology of the registries and differences in VTE treat-
ment patterns and approaches between the United Kingdom and 
Germany.	Furthermore,	we	compared	the	baseline	characteristics	of	
patients	with	acute	VTE	treatment	of	the	FIRST	registry,	DRESDEN	
NOAC	registry,	and	SWIVTER.

2.3  |  Treatment duration

In	the	DRESDEN	NOAC	and	FIRST	registries,	reasons	for	stopping	
anticoagulation were collected in detail. Termination of rivaroxaban 
therapy was classified as “scheduled end of treatment” if the attend-
ing physician or site staff regarded rivaroxaban therapy no longer 
necessary	for	treatment	of	the	index	VTE	event.	All	other	treatment	
discontinuations were classified as “premature stop,” and the rea-
sons for this decision were collected from patients and attending 
physicians.	All	 patients	who	did	not	prematurely	 stop	 rivaroxaban	
treatment	were	 defined	 as	 persistent.	 For	 patients	who	 switched	
their anticoagulant treatment, date of discontinuation and duration 
of rivaroxaban treatment were collected.

For	time-	to-	event	analysis	and	for	calculation	of	the	treatment	
duration, the following formula was used:

For	 follow-	up	 and	 treatment	 duration,	 median	 with	 25th	 and	
75th	percentiles	were	calculated.

2.4  |  Statistical Analysis

Statistical	 analysis	 was	 performed	 for	 all	 patients	 in	 the	 FIRST,	
DRESDEN	NOAC,	and	the	SWIVTER	registries	together	as	a	pooled	
descriptive and comparative analysis among the respective reg-
istries.	All	 patients	who	were	 anticoagulated	with	 rivaroxaban	 for	
DVT and/or PE and followed up for at least 3 months were included 
in the analysis.

For	comparison	among	the	three	registries,	the	baseline	charac-
teristics of each registry are presented as absolute and relative fre-
quencies, mean and standard deviation, or median with interquartile 
range	 as	 difference	 between	 25th	 and	 75th	 percentile,	 where	

Duration in days = event or stop date of treatment − start date of rivaroxaban + 1
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appropriate.	Missing	values	were	 left	blank	and	not	 imputed.	All	p 
values presented are exploratory in nature; thus, no adjustment of 
type	 I	error	 for	multiple	 testing	was	conducted.	A	p value of 0.05 
or	 less	 was	 considered	 to	 be	 statistically	 significant.	 For	 categor-
ical variables, the overall p	 value	 is	 calculated	 using	 a	 generalized	
chi-	squared	test	for	the	comparison	among	the	registries.	For	con-
tinuous variables, the overall p	value	is	calculated	using	a	one-	way	
analysis of variance for the comparison among the registries assum-
ing	normal	 distribution.	 For	 pairwise	 comparisons	 the	 chi-	squared	
test is used for categorical variables and the unpaired t test for con-
tinuous variables.

For	 the	 outcome	 event	 analysis	 of	 the	 FIRST	 and	 DRESDEN	
NOAC	 registries,	 two	 different	 analysis	 sets	 were	 defined	 and	
evaluated:

a.	 The	 overall	 rate	 of	 recurrent	 VTE	 and	 all-	cause	mortality	 rate	
were	evaluated	in	the	intention-	to-	treat	(ITT)	analysis.	All	effec-
tiveness outcome events were included that occurred through-
out	the	follow-	up	period,	 including	those	occurring	at	any	time	
during or after temporary interruption or discontinuation of 
rivaroxaban.

b.	 The	 on-	treatment	 analysis	 also	 included	 all	 patients	 with	 VTE	
enrolled in the rivaroxaban group at baseline, but only outcome 
events that occurred during rivaroxaban treatment were in-
cluded in the calculation of outcome event rates for recurrent 
VTE	events,	ISTH	major	bleeding,	and	CRNM	bleeding.

Outcome	event	rates	for	the	ITT	and	the	on-	treatment	analysis	
set	were	calculated	and	performed	using	Kaplan–	Meier	estimation	
for	time	to	first	event.	In	addition,	event	rates	were	assessed	on	the	
basis of the following two approaches:

• The cumulative incidence risk was estimated at different points in 
time	using	the	Kaplan–	Meier	method	separately	for	each	registry	
and overall.

•	 The	 incidence	 rate	 per	 100	 subject-	years	 was	 also	 determined	
separately for each registry.

For	 calculation	 of	 event	 rates	 per	 100	 subject-	years	 and	 their	
95%	confidence	intervals	(CIs),	the	following	formula	was	used:

All	statistical	analyses	were	carried	out	using	the	software	pack-
age	SAS	release	9.4	or	higher	(SAS	Institute	Inc.).

2.5  |  Ethics

The	 study	 protocol	 of	 the	 FIRST	 registry	 (NCT02248610),	 the	
DRESDEN	NOAC	registry	(NCT01588119),	and	SWIVTER	complied	
with the principles and requirements of the Declaration of Helsinki. 

Written informed consent, including a data protection waiver, was 
provided or waived by all patients before enrollment, according to 
local regulations.

3  |  RESULTS

3.1  |  Patients

Since	 the	 start	 of	 the	 respective	 study	 period	 of	 the	 three	 regis-
tries	(DRESDEN	NOAC	registry	from	December	2011	to	July	2016;	
FIRST	 registry	 from	December	 2014	 to	October	 2018;	 SWIVTER	
from	June	2012	to	January	2015)	until	October	31,	2018,	a	total	of	
1841	 rivaroxaban-	treated	patients	with	 acute	VTE	and	 completed	
3	months	of	follow-	up,	including	1217	patients	from	the	FIRST	regis-
try,	418	from	the	DRESDEN	NOAC	registry,	and	206	from	SWIVTER	
were enrolled (Table 1).	 Of	 these,	 1411	 (76.6%),	 were	 treated	 for	
acute	DVT	and	430	(23.4%)	for	PE	as	the	index	event.	The	propor-
tion	of	DVT	only	versus	PE ± DVT	was	similar	in	the	three	registries:	
80.6%	 versus	 19.4%	 in	 DRESDEN	 NOAC	 registry,	 75.1%	 versus	
24.9%	in	the	FIRST	registry,	and	77.7%	versus	22.3%	in	SWIVTER.

Proportions of unprovoked index VTE were different across 
registries.	 In	 the	DRESDEN	NOAC	registry,	60.8%	of	patients	had	
an	unprovoked	index	VTE	event	compared	to	SWIVTER	(66%)	and	
the	 FIRST	 registry	 (71.1%).	 Overall,	 57.9%	 (n =	 1066)	 were	male,	
and	two	patients	 (0.1%)	were	transgender.	The	FIRST	registry	and	
the	 SWIVTER	 enrolled	more	male	 than	 female	 patients	 (61.9	 and	
53.9%	 male,	 respectively),	 whereas	 female	 patients	 dominated	 in	
the	DRESDEN	NOAC	registry	(48.3%	male).	Overall,	median	age	was	
61 years	(25th–	75th	percentile,	48–	71 years)	with	a	range	from	14	up	
to	95 years,	but	age	distributions	differed	considerably	among	reg-
istries:	highest	median	age	was	observed	 in	 the	DRESDEN	NOAC	
registry	 (64 years),	 followed	 by	 the	 FIRST	 registry	 (61 years)	 and	
SWIVTER	(58 years).	The	median	body	mass	index	(BMI;	25th–	75th	
percentile)	was	28.3	kg/m2	(25.0–	32.2	kg/m2)	with	a	median	BMI	of	
27.4	kg/m2	(24.7–	30.7	kg/m2)	in	the	DRESDEN	NOAC	registry	and	
28.6 kg/m2	 (25.3–	32.8	 kg/m2)	 in	 the	FIRST	 registry.	BMI	was	not	
available	for	322	patients,	including	all	206	patients	from	SWIVTER.	
Proportions	 of	 patients	 weighing	 more	 than	 120 kg	 also	 varied	
among	 the	 three	 registries	 (6.1%	of	patients	 in	 the	FIRST	 registry	

versus	2.2%	in	the	DRESDEN	NOAC	registry	vs.	0.5%	in	SWIVTER).
Concomitant diseases at baseline were documented differently 

in all three registries, with very limited information recorded in the 
FIRST	registry.	Overall,	120	patients	were	reported	to	have	concom-
itant malignant disease, but information on active cancer versus his-
tory of cancer was captured inconsistently. Proportions of patients 
with	malignant	 disease	were	 47	 (11.2%)	 for	 the	DRESDEN	NOAC	
registry,	55	(4.5%)	for	the	FIRST	registry,	and	18	(8.7%)	for	SWIVTER,	
respectively.	In	addition,	cutoffs	for	“impaired	renal	function”	were	

Event rate= total number of events of interest∕total time subjects were under risk

(definedasthesumofalldays from start rivaroxaban treatment untildayof first event dividedby100×365days and100patient−yearsasitsunit).
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set	differently:	creatinine	clearance	of	50 ml/min	or	less	in	the	FIRST	
registry;	estimated	glomerular	filtration	rate	(eGFR)	of	50 ml/minor	
less	in	the	DRESDEN	NOAC	registry,	and	eGFR	less	than	30 ml/min	
in	SWIVTER	(Table 1).

Comparisons	 between	 the	 DRESDEN	 NOAC	 registry	 and	
SWIVTER	revealed	that	cardiovascular	risk	factors	were	more	prev-
alent	 in	 the	DRESDEN	NOAC	 registry	 compared	 to	SWIVTER	 (di-
abetes,	17.2%	vs.	6.3%;	p =	0.0002;	hypertension,	55%	vs.	24.3%;	
p < 0.0001).	More	details	on	baseline	characteristics	are	presented	
in Table 1.

When the available baseline data of all three registries were 
compared	to	the	exclusion	criteria	 in	the	respective	phase	III	trials	
EINSTEIN	DVT/PE,	we	found	that	a	large	proportion	of	the	registry	
patients	would	not	have	been	eligible	to	participate	in	the	EINSTEIN	
trials:	517	had	distal	DVT,	45	underwent	VTE	recanalization,	19	had	
a	creatinine	clearance	less	than	30 ml/min,	and	6	were	younger	than	
18 years	(Table	S5).	In	addition,	a	relevant	proportion	had	parenteral	
pretreatment	for	longer	than	36 h.

3.2  |  Follow- up

The	overall	median	follow-	up	was	746 days	(25th–	75th	percentile,	318–	
1462.5 days),	with	a	median	follow-	up	of	541 days	(25th–	75th	percen-
tile,	185–	1075 days)	 in	the	FIRST	registry	and	2074.5 days	(25th–	75th	
percentile,	1708–	2764 days)	in	the	DRESDEN	NOAC	registry.	Data	on	
exact	follow-	up	duration	were	not	available	from	SWIVTER.

3.3  |  VTE treatment

Median time between VTE diagnosis and initiation of rivaroxaban 
was	1	day	(25th–	75th	percentile,	1–	1;	range,	0–	15 days).	The	overall	
median	treatment	duration	was	169 days	(25th–	75th	percentile,	86–	
390 days),	with	a	median	treatment	duration	of	144 days	(25th–	75th	
percentile,	85–	337 days)	 in	the	FIRST	registry	and	214 days	 (25th–	
75th	 percentile,	 105–	640 days)	 in	 the	 DRESDEN	 NOAC	 registry.	
Data on exact duration of rivaroxaban treatment were not available 

TA B L E  1 Patient	characteristics	at	baseline	in	FIRST	registry,	DRESDEN	NOAC	registry	and	SWIVTER

All patients (n = 1841)
FIRST registry 
(n = 1217)

DRESDEN NOAC 
registry (n = 418) SWIVTER (n = 206)

Index	VTE	event

PE, n	(%) 430/1841	(23.4) 303/1217	(24.9) 81/418	(19.4) 46/206	(22.3)

DVT, n	(%) 1411/1841	(76.6) 914/1217	(75.1) 337/418	(80.6) 160	/206(77.7)

Proximal DVT, n	(%) 889/1406	(63.2) 550/914	(60.2) 234/332	(70.5) 105/160	(65.6)

Distal DVT, n	(%) 517/1406	(36.8) 364/914	(39.8) 98/332	(29.5) 55/160	(34.4)

Male, n	(%) 1066/1841	(57.9) 753/1217	(61.9) 202/418	(48.3) 111/206	(53.9)

Median	age,	years	(25th–	75th	
percentile)

61	(48–	71) 61	(48–	70) 64	(49–	74) 58	(45–	70)

Median	BMI,	kg/m	(25th–	75th	
percentile)	2

28.3	(25–	32.2) 28.6	(25.3–	32.8) 27.4	(24.7–	30.7) Not	registered

Mean time between VTE diagnosis 
and initiation of Rivaroxaban, 
days ±	SD

1.4 ± 1.8 1 ± 0 2.8 ± 3.4 1 ± 0

Unprovoked event VTE, n	(%) 1255/1841	(68.2) 865/1217	(71.1) 254/418	(60.8) 136/206	(66.0)

Recurrent VTE event, n	(%) 447/1837	(24.3) 275/1213	(22.7) 128/418	(30.6) 44/206	(21.4)

Malignant disease, n	(%) 120/1841	(6.5) 55/1217	(4.5) 47/418	(11.2) 18/206	(8.7)

Active	cancer,	n	(%) 61/117	(52.1) 39/52	(75.0) 11/47	(23.4) 11/18	(61.1)

Chronic lung disease, n	(%) 13/206	(6.3) Not	registered Not	registered 13/206	(6.3)

Congestive heart failure, n	(%) 34/624	(5.4) Not	registered 20/418	(4.8) 14/206	(6.8)

History of stroke, n	(%) 23/624	(3.7) Not	registered 16/418	(3.8) 7/206	(3.4)

Renal dysfunction, n	(%) 100/1743	(5.7) CrCl	≤50 ml/min:	
5/1119	(4.9)

eGFR	≤50 ml/min:	
35/418	(8.4)

eGFR	<30 ml/min:	
10/206	(4.9)

Hepatic	Impairment,	n	(%) 3/624	(0.5) Not	registered 1/418	(0.2) 2/206	(1)

Diabetes mellitus, n	(%) 85/624	(13.6) Not	registered 72/418	(17.2) 13/206	(6.3)

Hypertension, n	(%) 280/624	(44.9) Not	registered 230/418	(55) 50/206	(24.3)

Note:	In	each	field,	the	denominator	represents	the	number	of	patients	with	available	data.
Abbreviations:	BMI,	body	mass	index;	CrCl,	creatinine	clearance;	DVT,	deep	vein	thrombosis;	eGFR,	estimated	glomerular	filtration	rate;	PE,	
pulmonary	embolism;	SD,	standard	deviation;	VTE,	venous	thromboembolism.
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6 of 10  |     MÜLLER et al.

from	SWIVTER.	Patients	with	PE	received	longer	anticoagulant	ther-
apy	compared	to	patients	with	DVT	(202 days	for	PE	vs.	122 days	for	
DVT; p =	0.0007).	Similarly,	patients	with	malignant	disease	received	
longer anticoagulant therapy compared to patients without cancer 
(172.50 days	 vs.	 169 days;	 p =	 0.18).	 However,	 within	 the	 cancer	
population,	treatment	durations	differed	across	the	registries:	In	the	
FIRST	registry,	patients	with	malignant	diseases	had	a	median	rivar-
oxaban	exposure	of	89 days	compared	to	372 days	in	the	DRESDEN	
NOAC	registry	(p =	0.0002).

3.4  |  Clinical outcomes

In	the	ITT	population,	144	of	1635	patients	developed	a	recurrent	
VTE,	which	translated	into	an	overall	crude	incidence	of	8.81%	(95%	
CI,	7.48–	10.29).	Crude	incidence	rate	was	numerically	higher	in	the	
DRESDEN	NOAC	(14.83%	[95%	CI,	11.56–	18.61])	compared	to	the	
FIRST	 registry	 (6.74%	 [95%	 CI,	 5.39–	8.29]).	 Annualized	 incidence	
rates	 for	 recurrent	VTE	were	3.49	per	100	patient-	years	 (95%	CI,	
2.96–	4.11),	with	 a	 nonsignificant	 trend	 toward	higher	 rates	 in	 the	
FIRST	 registry	 (4.08/100	 patient-	years	 [95%	 CI,	 3.28–	5.06])	 com-
pared	to	the	DRESDEN	NOAC	registry	(2.93/100	patient-	years	[95%	
CI,	2.28–	3.76])	(Figure 1A; Table S6).

The event rate in the group of patients with DVT as the index 
event	(3.96/100	patient-	years	[95%	CI,	3.33–	4.72])	was	significantly	
higher compared to patients with PE as the index event (1.9/100 
patient	years	[95%	CI,	1.2–	3.02];	p =	0.004).	For	patients	with	pro-
voked versus unprovoked VTE and proximal versus distal DVT, crude 
incidences of VTE recurrence are provided in Table S7.

A	 total	 of	 14	 patients	 developed	 recurrent	 VTE	 during	 active	
treatment	 with	 rivaroxaban	 (7	 in	 the	 DRESDEN	 NOAC	 registry	
and	7	in	the	FIRST	registry).	 In	the	on-	treatment	analysis,	this	cor-
responded	 to	 a	 pooled	 annualized	 incidence	 rate	 of	 0.83	per	 100	
patient-	years	(95%	CI,	0.49–	1.40),	with	comparable	incidence	rates	
for	the	DRESDEN	NOAC	registry	(0.96/100	patient-	years	[95%	CI,	
0.46–	2.01])	and	the	FIRST	registry	(0.74/100	patient-	years	[95%	CI,	
0.35–	1.54];	Figure 1B).

ISTH	major	 bleeding	 during	 active	 treatment	with	 rivaroxaban	
was experienced by a total of 29 patients (crude incidence rate, 
1.77%	 [95%	CI,	 1.19–	2.54]).	 This	 translated	 into	 an	 annualized	 in-
cidence	rate	of	1.74	per	100	patient-	years	(95%	CI,	1.21–	2.5).	ISTH	
major	 bleeding	 was	 more	 frequently	 reported	 in	 the	 DRESDEN	
NOAC	 registry	 (n =	 18/418;	4.31%)	 compared	 to	 the	FIRST	 regis-
try (n =	 11/1217;	 0.9%),	with	 corresponding	 annualized	 incidence	
rates	of	2.51	per	100	patient-	years	(95%	CI,	1.58–	3.98)	and	1.16	per	
100	 patient-	years	 (95%	 CI,	 0.64–	2.09),	 respectively	 (Figure 2).	 In	
both registries, major bleeding was much more frequent in patients 
with	malignant	disease	 (DRESDEN	NOAC	registry	annualized	 inci-
dence	rates,	6.27/100	patient-	years	[95%	CI,	2.82–	13.95]	vs.	FIRST	
registry,	 3.22/100	 patient-	years	 [95%	 CI,	 0.45–	22.88])	 compared	
to	 patients	 without	 cancer	 (DRESDEN	 NOAC	 registry	 annualized	
incidence	rates,	1.93/100	patient-	years	[95%	CI,	1.1–	3.4]	vs.	FIRST	
registry,	1.09/100	patient-	years	[95%	CI,	0.59–	2.02];	Figures	S1, S2).

CRNM	bleeding	events	occurred	 in	96	 cases	 in	 the	DRESDEN	
NOAC	registry	(22.97%	[95%	CI,	19.02–	27.3]),	which	translated	into	
an	annualized	incidence	rate	of	17.62	per	100	patient-	years	(95%	CI,	
14.43–	21.53).	In	comparison,	only	68	cases	reported	CRNM	bleed-
ing	 in	 the	 FIRST	 registry,	 corresponding	 to	 a	 crude	 incidence	 of	
5.59%	(95%	CI,	4.36–	7.03)	and	an	annualized	incidence	rate	of	7.42	
per	100	patient-	years	(95%	CI,	5.85–	9.41;	Figure 3).

Overall,	75	patients	died,	which	translated	into	an	all-	cause	mor-
tality	event	rate	of	1.71	per	100	patient-	years	(95%	CI,	1.36–	2.14).	
Event	rates	were	considerably	higher	 in	the	DRESDEN	NOAC	reg-
istry	 (crude	 incidence	 rate,	 9.57%	 [95%	CI,	 6.92–	12.80];	 1.73/100	
patient-	years	 [95%	CI	 1.27–	2.36])	 compared	 to	 the	 FIRST	 registry	
(crude	incidence	rate,	2.88%	[95%	CI,	2.01–	3.98];	1.69/100	patient-	
years	[95%	CI,	1.21–	2.35]).

4  |  DISCUSSION

In	this	project,	we	aimed	to	pool	data	from	three	different	VTE	reg-
istries, collecting data on rivaroxaban treatments in Germany, the 
United	Kingdom,	and	Switzerland.

F I G U R E  1 Kaplan–	Meier	event-	free	survival	curves	for	recurrent	VTE	in	the	DRESDEN	NOAC	and	FIRST	registries.	(A)	Intention-	to-	treat	
analysis;	(B)	on-	treatment	analysis
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    |  7 of 10MÜLLER et al.

At	first	glance,	methodologies	 (prospective	data	collection	 in	
consecutive	patients	treated	with	rivaroxaban	for	acute	VTE)	and	
some of the baseline characteristics were strikingly similar among 
the	three	registries:	75%–	80%	DVT,	with	two	thirds	proximal	DVT;	
median	 age,	 58–	64 years;	 median	 BMI,	 27–	28 kg/m2. However, 
some baseline characteristics showed pronounced differences 
(unprovoked VTE much more frequent in the UK registry com-
pared	to	the	Swiss	data	set;	highest	rate	of	recurrent	VTE	and	of	
malignant disease in the German registry but lowest rate of “active 
cancer”	 in	 this	 data	 set).	 In	 addition,	 cutoffs	 for	 “impaired	 renal	
function” and definitions of “active cancer” were not similar, and 
data on concomitant diseases were collected differently among 
the	three	registries.	Finally,	the	comparison	of	treatment	durations	
and clinical outcomes revealed differences among the three reg-
istries	that	limited	comparison,	especially	with	the	Swiss	data	set.	

The first major finding of our analysis therefore is that compar-
isons across different registries suffer from relevant limitations, 
whereas	 generalizability	 of	 single	 registries	may	 also	 be	 limited.	
As	a	consequence,	data	collection	in	prospective	registries	should	
be	 better	 standardized	 and	 should	 define	 detailed	 methodolo-
gies.24	Checklists	and	guidance	documents	such	as	Strengthening	
the	Reporting	of	Observational	Studies	 in	Epidemiology25 are an 
important	step	toward	such	standardization	but	are	often	applied	
to the reporting of research results only and not necessarily in the 
planning phase of observational studies.

Although	we	conclude	from	the	differences	in	baseline	charac-
teristics that postbaseline comparisons among the three registries 
need to be handled with caution, we did observe interesting man-
agement patterns across the registries. Probably the most strik-
ing difference was related to the median rivaroxaban treatment 

F I G U R E  2 On-	treatment	Kaplan–	
Meier	event-	free	survival	curves	for	ISTH	
major	bleeding	in	the	DRESDEN	NOAC	
and	FIRST	registries

F I G U R E  3 On-	treatment	Kaplan–	
Meier	event-	free	survival	curves	for	ISTH	
nonmajor clinically relevant bleeding in 
the	DRESDEN	NOAC	and	FIRST	registries
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duration,	 which	 overall	 was	 169 days	 but	 considerably	 shorter	 in	
UK	patients	 in	 the	FIRST	 registry	 (144 days)	 compared	 to	German	
patients	from	the	DRESDEN	NOAC	registry	(214 days).	This	finding	
cannot be explained by a higher proportion of patients at high risk 
for VTE recurrence for whom guidelines recommend extended ther-
apy.	 In	 fact,	 the	proportion	of	 patients	with	 an	unprovoked	 index	
VTE	 event	was	 somewhat	 lower	 in	 the	DRESDEN	NOAC	 registry	
(61%)	compared	to	the	FIRST	registry	(71%).	The	most	likely	expla-
nation	for	 the	shorter	rivaroxaban	treatment	 in	the	FIRST	registry	
could	be	that	40%	of	patients	in	the	FIRST	registry	had	distal	DVT	
(approximately	 80%	 of	 those	 unprovoked)	 and	 therefore	 stopped	
treatment	after	3–	6	months.	In	addition,	the	DRESDEN	NOAC	reg-
istry	applied	a	much	longer	follow-	up	(up	to	5 years),	enhancing	the	
rivaroxaban	exposure	with	long-	term	treatments.

Finally,	in	the	pooled	outcome	analysis	of	the	DRESDEN	NOAC	
registry	and	FIRST	registry,	we	found	that	during	active	rivaroxaban	
therapy	the	overall	rate	of	VTE	recurrence	was	as	low	as	0.86%	and	
affected	 only	 14	 of	 1635	 patients	 undergoing	 follow-	up.	 Even	 in	
the absence of a comparator arm, it seems reasonable to conclude 
that this finding across two prospective observational registries 
performed in two different Western European countries confirms 
the	high	efficacy	of	rivaroxaban	seen	in	the	EINSTEIN	phase	III	tri-
als. This confirmation is especially important, since patients in the 
DRESDEN	NOAC	registry	and	FIRST	registry	were	not	selected	by	
predefined inclusion and exclusion criteria and tended to be slightly 
older	(mean	age,	59 years)	than	patients	in	the	EINSTEIN	trials	(mean	
age,	57 years).4

Some	of	the	patients	with	malignancy	were	enrolled	into	one	of	
the three registries before trial evidence or guidelines supported the 
use	of	rivaroxaban	for	the	management	of	cancer-	associated	throm-
bosis	 (CAT).	Accordingly,	 confounding	 among	 the	 patients	 treated	
with	a	DOAC	for	CAT	has	 to	be	considered.	Unfortunately,	within	
our methodology and the available data, we are unable to speculate 
on the impact of such a confounder, and also because the definitions 
of “active cancer” were not consistent among the registries.

It	 is	 not	 surprising	 that	 the	 overall	 rate	 of	 VTE	 recurrence	 in	
the	ITT	analysis	of	our	cohort	 (8.8%;	n =	144/1635)	exceeded	the	
ITT	 event	 rate	 reported	 in	 the	EINSTEIN	phase	 III	 trials	 (2.1%	 for	
patients	 treated	 for	 3–	12 months).	 First,	 most	 of	 the	 observed	
events occurred after discontinuation of rivaroxaban therapy, and 
such	 events	would	 not	 have	 been	 counted	 in	 EINSTEIN	 phase	 III	
trials, where patients were censored after stopping rivaroxaban. 
Second,	although	the	three	registries	included	a	large	proportion	of	
patients	with	distal	DVT,	 ITT	event	 rates	were	only	 slightly	 lower	
than	for	patients	with	proximal	DVT.	Although	recurrent	VTE	was	
rarely	 observed	 during	 active	 rivaroxaban	 therapy,	 the	 guideline-	
recommended	short	treatment	of	distal	DVT	(maximum,	3	months)	
and the high rate of VTE recurrence after treatment discontinuation 
contributed a relevant number of recurrent VTE events to the pre-
sented data set. Third, it should also be taken into account that the 
rate	of	recurrent	VTE	events	in	the	ITT	population	in	the	EINSTEIN	
trials	 refers	 to	 a	 maximum	 follow-	up	 period	 of	 12 months.	 In	 our	
cohort,	only	36.8%	(n =	53/144)	of	recurrent	VTE	events	occurred	

within	the	first	360 days	after	enrollment.	Therefore,	the	consider-
ably	longer	follow-	up	period	in	our	cohort	is	an	important	reason	for	
the	higher	rate	of	recurrent	VTE	events	in	the	ITT	population.

Similar	considerations	apply	to	the	safety	signals	 in	our	pooled	
analysis.	During	rivaroxaban	treatment,	29	of	1635	(1.77%)	patients	
in	the	DRESDEN	NOAC	registry	and	FIRST	registry	reported	major	
bleeding	 complications.	 In	 addition,	 CRNM	 bleeding	 events	 were	
reported in our cohort during rivaroxaban treatment, with a crude 
incidence	of	10.03%.	In	the	EINSTEIN	phase	III	trials,	absolute	rates	
of	ISTH	major	bleeding	events	of	1.0%	and	absolute	rates	of	CRNM	
bleeding	 events	 of	 8.6%	 were	 reported	 for	 patients	 treated	 for	
3–	12 months.	In	our	cohort,	24.1%	(n	=	7/29)	of	ISTH	major	bleed-
ing	events	and	31.1%	(n =	51/164)	CRNM	bleeding	events	occurred	
after	the	first	360 days	after	study	inclusion.	Again,	the	significantly	
longer	 follow-	up	 period	 in	 our	 cohort	 could	 be	 an	 important	 rea-
son	for	a	numerically	higher	rate	of	 ISTH	major	and	CRNM	bleed-
ing events during active treatment with rivaroxaban. Therefore, we 
conclude that, even in the absence of a comparator arm, our findings 
confirm	the	generalizability	of	safety	findings	in	the	large	EINSTEIN	
phase	III	program.

5  |  LIMITATIONS

The results of our work should be interpreted in the context of 
their	limitations.	First	of	all,	our	study	cohort	evaluating	clinical	out-
comes	consisted	of	a	total	of	1841	patients.	However,	1217	patients	
from	the	FIRST	registry	and	only	418	patients	from	the	DRESDEN	
NOAC	 registry	 were	 included	 in	 the	 outcome	 analyses.	 Outcome	
data	could	not	be	derived	from	SWIVTER.	Thus,	treatment	effects	
in our pooled analysis are strongly driven by UK patients from the 
FIRST	registry.	In	addition,	the	potential	for	selection	bias	cannot	be	
avoided in noninterventional registries, where local physicians are 
not instructed which type or dosage of treatment patients should 
receive.	In	addition,	data	on	race/ethnicity	were	not	available	for	the	
DRESDEN	NOAC	registry	and	SWIVTER.	Therefore,	our	results	may	
not	 be	 generalizable	 to	 other	 settings	 or	 cohorts,	 especially	 since	
selection patterns may vary across regional or cultural settings.

Assessment	of	potential	outcome	events	is	based	predominantly	
on	 patient	 contacts	 and	 patient-	derived	 information.	 Although	 all	
suspected outcome events were adjudicated on the basis of avail-
able source documents, it is possible that some events were not 
reported	 or	 were	 misclassified.	 Outcome	 analyses	 were	 also	 not	
adjusted	for	competing	risks.	However,	in	the	DRESDEN	NOAC	reg-
istry	and	FIRST	registry,	overall	mortality	was	low	(1.71/100	patient-	
years)	 and	 consistent	 between	 both	 registries	 (1.73	 and	 1.69/100	
patient-	years,	 respectively).	As	 such,	death	as	 the	most	 important	
competing risk was not considered relevant here.

Another	limitation	is	the	lack	of	a	direct	randomized	comparator	
group.	Nevertheless,	over	the	past	decade,	many	large	observational	
studies	 of	VTE	 treatment	with	 other	 anticoagulants	 (VKA,	 paren-
teral	 drugs,	DOACs	 other	 than	 rivaroxaban)	 have	 been	 published,	
enabling the reader to reflect on potential differences in treatment 
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patterns and outcomes, although indirect comparison in observa-
tional research face severe potential for confounding.

Despite	all	these	limitations,	the	large	size	of	our	total	cohort	of	
1841 patients with VTE treated with rivaroxaban and the prospec-
tive evaluation of patients from three different registries in three 
different	countries	are	important	strengths	of	our	work.	In	addition,	
the	 long	 follow-	up	 duration	 and	 the	 central	 adjudication	 of	 sus-
pected outcome events in all three registries are important features 
to	support	the	generalizability	of	the	EINSTEIN	trials.

6  |  CONCLUSION

In	different	prospective	observational	registries,	we	found	that	re-
current VTE and major bleeding are rare events during active rivar-
oxaban therapy in VTE treatment, which supports the findings from 
the	large	EINSTEIN	trials.	However,	our	data	also	indicate	significant	
differences in patient characteristics, management patterns, and 
outcome	 data	 collection	 across	 Switzerland,	 the	United	 Kingdom,	
and Germany, limiting direct comparisons of unadjusted outcome 
event rates among registries.

AUTHOR CONTRIBUTIONS
JBW,	RA,	RP,	NK,	 and	DS	designed	 the	 study	 and	wrote	 the	pro-
tocol.	SM,	LT,	LR,	JP,	and	VS	collected	the	data,	and	KS	performed	
analyses.	JBW,	SM,	and	LT	wrote	the	first	draft	of	the	manuscript.	
All	authors	reviewed	and	revised	the	manuscript	and	approved	the	
submission.

ACKNOWLEDG MENTS
The	authors	thank	the	statistical	team	at	ClinStat	GmbH,	Institut	für	
klinische	Forschung	und	Statistik,	Max-	Planck-	Str.	22a,	50858	Köln	
for	their	support	in	analyzing	the	data. 	Open	Access	funding	enabled	
and	organized	by	Projekt	DEAL.

FUNDING INFORMATION
The	 FIRST,	 SWIVTER,	 and	 DRESDEN	 NOAC	 registries	 were	 all	
investigator-	initiated	 studies,	 supported	by	grants	 from	Bayer	AG.	
Furthermore,	 the	 pooled	 analysis	 reported	 here	 was	 additionally	
supported	by	a	grant	from	Bayer	AG.

REL ATIONSHIP DISCLOSURE
LR has received speaker fees and travel grant from Bayer, and 
investigator-	initiated	 research	 grant	 and	 travel	 grant	 from	 Sanofi.	
RP	has	 received	 speaker	 fees	 from	Bayer.	RA	 reports	grants	 from	
Bayer;	personal	 fees	 from	Bayer,	Cardinal	Health,	 and	Sanofi;	 and	
nonfinancial	 support	 from	 Bayer	 and	 Sanofi.	 JP	 has	 received	 an	
investigator-	initiated	 research	 grant	 from	 Bayer.	 VS	 has	 received	
speaker	fees	from	Bayer.	NK	reports	grants	from	Concept	Medical,	
Bard, and Bayer; and personal fees from Bayer, Bard, Medtronic, 
Boston	 Scientific,	 BTG,	 and	 Pfizer,	 outside	 the	 submitted	 work.	
DS	reports	employment	by	Sanofi-	Aventis	 (Suisse)	SA,	outside	the	
submitted	work.	JB-	W	has	received	honoraria	and	research	support	

from	Bayer	AG,	Boehringer	Ingelheim,	Daiichi	Sankyo,	and	Pfizer.	LT	
has received honoraria and travel support from Bayer and Daiichi 
Sankyo.	KS	received	payments	from	GWT-	TUD	GmbH	in	Dresden,	
Germany,	for	statistical	analysis.	None	of	the	other	authors	declared	
a	conflict	of	interest	with	regard	to	the	NOAC	registry	or	this	manu-
script.	All	authors	declare	that	these	companies	and	institutions	had	
no influence on the study design, conduct of the study, data collec-
tion, statistical analysis, or preparation of the manuscript.

ORCID
Stephanie Müller  https://orcid.org/0000-0002-7318-3173 
Luise Tittl  https://orcid.org/0000-0001-5784-1570 
Victoria Speed  https://orcid.org/0000-0001-5064-9375 
Lara Roberts  https://orcid.org/0000-0003-3871-8491 
Raj Patel  https://orcid.org/0000-0002-4404-6647 
Roopen Arya  https://orcid.org/0000-0001-5630-7990 
Kurtulus Sahin  https://orcid.org/0000-0002-1810-7362 
Jan Beyer- Westendorf  https://orcid.org/0000-0002-6983-9993 

R E FE R E N C E S
	 1.	 Heidbuchel	 H,	 Verhamme	 P,	 Alings	 M,	 et	 al.	 European	 Heart	

Rhythm	Association	practical	guide	on	the	use	of	new	oral	antico-
agulants	 in	patients	with	non-	valvular	 atrial	 fibrillation.	Europace. 
2013;15(5):625-	651.

	 2.	 The	Einstein	Investigators,	Bauersachs	R,	Berkowitz	SD,	et	al.	Oral	
rivaroxaban for symptomatic venous thromboembolism. N Engl J 
Med.	2010;363(26):2499-	2510.

	 3.	 The	Einstein–	PE	Investigators,	Buller	HR,	Prins	MH,	et	al.	Oral	ri-
varoxaban for the treatment of symptomatic pulmonary embolism. 
N Engl J Med.	2012;366(14):1287-	1297.

	 4.	 Prins	MH,	Lensing	AW,	Bauersachs	R,	et	al.	Oral	rivaroxaban	versus	
standard therapy for the treatment of symptomatic venous throm-
boembolism:	a	pooled	analysis	of	the	EINSTEIN-	DVT	and	PE	ran-
domized	studies.	Thromb J.	2013;11(1):21.

	 5.	 Ortel	 TL,	 Neumann	 I,	 Ageno	 W,	 et	 al.	 American	 Society	 of	
Hematology 2020 guidelines for management of venous thrombo-
embolism: treatment of deep vein thrombosis and pulmonary em-
bolism. Blood Adv.	2020;4(19):4693-	4738.

	 6.	 Konstantinides	 SV,	 Torbicki	 A,	 Agnelli	 G,	 et	 al.	 2014	 ESC	 guide-
lines on the diagnosis and management of acute pulmonary embo-
lism:	The	Task	Force	for	the	Diagnosis	and	Management	of	Acute	
Pulmonary	Embolism	of	the	European	Society	of	Cardiology	(ESC)	
endorsed	by	the	European	Respiratory	Society	 (ERS).	Eur Heart J. 
2014;35(43):3033-	3073.

	 7.	 Kearon	 C,	 Akl	 EA,	 Ornelas	 J,	 et	 al.	 Antithrombotic	 therapy	 for	
VTE disease: chest guideline and expert panel report. Chest. 
2016;149(2):315-	352.

	 8.	 Ageno	W,	Mantovani	 LG,	Haas	 S,	 et	 al.	 Safety	 and	 effectiveness	
of oral rivaroxaban versus standard anticoagulation for the treat-
ment	 of	 symptomatic	 deep-	vein	 thrombosis	 (XALIA):	 an	 interna-
tional,	 prospective,	 non-	interventional	 study.	 Lancet Haematol. 
2016;3(1):e12-	e21.

	 9.	 Bott-	Kitslaar	 DM,	 Saadiq	 RA,	 McBane	 RD,	 et	 al.	 Efficacy	 and	
safety of rivaroxaban in patients with venous thromboembo-
lism	 and	 active	 malignancy:	 a	 single-	center	 registry.	 Am J Med. 
2016;129(6):615-	619.

	10.	 Gaertner	S,	Cordeanu	EM,	Nouri	S,	et	al.	Rivaroxaban	versus	stan-
dard anticoagulation for symptomatic venous thromboembolism 
(REMOTEV	 observational	 study):	 analysis	 of	 6-	month	 outcomes.	
Int J Cardiol.	2017;226:103-	109.

 24750379, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rth2.12829 by U

niversität B
ern, W

iley O
nline L

ibrary on [04/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7318-3173
https://orcid.org/0000-0002-7318-3173
https://orcid.org/0000-0001-5784-1570
https://orcid.org/0000-0001-5784-1570
https://orcid.org/0000-0001-5064-9375
https://orcid.org/0000-0001-5064-9375
https://orcid.org/0000-0003-3871-8491
https://orcid.org/0000-0003-3871-8491
https://orcid.org/0000-0002-4404-6647
https://orcid.org/0000-0002-4404-6647
https://orcid.org/0000-0001-5630-7990
https://orcid.org/0000-0001-5630-7990
https://orcid.org/0000-0002-1810-7362
https://orcid.org/0000-0002-1810-7362
https://orcid.org/0000-0002-6983-9993
https://orcid.org/0000-0002-6983-9993


10 of 10  |     MÜLLER et al.

	11.	 Sindet-	Pedersen	 C,	 Langtved	 Pallisgaard	 J,	 Staerk	 L,	 et	 al.	
Comparative	safety	and	effectiveness	of	rivaroxaban	versus	VKAs	
in	 patients	with	 venous	 thromboembolism.	 A	Danish	 nationwide	
registry-	based	study.	Thromb Haemost.	2017;117(6):1182-	1191.

	12.	 Keller	L,	Marten	S,	Hecker	J,	Sahin	K,	Tittl	L,	Beyer-	Westendorf	J.	
Venous	 thromboembolism	 therapy	with	 rivaroxaban	 in	daily-	care	
patients:	 results	 from	 the	 Dresden	 NOAC	 registry.	 Int J Cardiol. 
2018;15(257):276-	282.

	13.	 Kucher	N,	Aujesky	D,	Beer	JH,	et	al.	Rivaroxaban	for	the	treatment	
of	venous	thromboembolism.	The	SWIss	Venous	ThromboEmbolism	
Registry	(SWIVTER).	Thromb Haemost.	2016;116(3):472-	479.

	14.	 Agnelli	G,	Gitt	AK,	Bauersachs	R,	et	al.	The	management	of	acute	
venous	 thromboembolism	 in	 clinical	 practice	 -		 study	 rationale	
and	protocol	of	 the	European	PREFER	 in	VTE	 registry.	Thromb J. 
2015;13:41.

	15.	 Ageno	W,	Haas	S,	Weitz	JI,	et	al.	Characteristics	and	management	
of	 patients	 with	 venous	 thromboembolism:	 the	 GARFIELD-	VTE	
registry. Thromb Haemost.	2019;119(2):319-	327.

	16.	 Lang	KJ,	Solis	V,	Patel	J,	et	al.	The	first	registry:	follow-	up	in	rivar-
oxaban patients in the setting of venous thromboembolism. Blood. 
2015;126(23):4737.

	17.	 Speed	V,	 Patel	 JP,	 Cooper	D,	 et	 al.	 Rivaroxaban	 in	 acute	 venous	
thromboembolism: UK prescribing experience. Res Pract Thromb 
Haemost.	2021;5(7):e12607.

	18.	 Tittl	 L,	Marten	S,	Naue	C,	Beyer-	Westendorf	 J.	 5-	year	outcomes	
from rivaroxaban therapy in atrial fibrillation: results from the 
Dresden	NOAC	registry.	Thromb Res.	2021;202:24-	30.

	19.	 Spirk	D,	Sebastian	T,	Barco	S,	et	al.	Clinical	outcomes	of	incidental	
venous thromboembolism in cancer and noncancer patients: the 
SWIss	 Venous	 ThromboEmbolism	 Registry	 (SWIVTER).	 Thromb 
Haemost.	2021	May;121(5):641-	649.

	20.	 Kearon	C,	Ageno	W,	Cannegieter	SC,	Cosmi	B,	Geersing	GJ,	Kyrle	
PA.	Categorization	of	patients	as	having	provoked	or	unprovoked	
venous	 thromboembolism:	 guidance	 from	 the	 SSC	 of	 ISTH.	 J 
Thromb Haemost.	2016;14(7):1480-	1483.

	21.	 Raskob	GE,	van	Es	N,	Verhamme	P,	et	al.	Edoxaban	for	the	treat-
ment	of	cancer-	associated	venous	thromboembolism.	N Engl J Med. 
2018;378(7):615-	624.

	22.	 Schulman	S,	Kearon	C.	Definition	of	major	bleeding	 in	clinical	 in-
vestigations	of	antihemostatic	medicinal	products	 in	non-	surgical	
patients. J Thromb Haemost.	2005;3(4):692-	694.

	23.	 Rodeghiero	F,	Tosetto	A,	Abshire	T,	 et	 al.	 ISTH/SSC	bleeding	 as-
sessment	 tool:	 a	 standardized	 questionnaire	 and	 a	 proposal	 for	
a new bleeding score for inherited bleeding disorders. J Thromb 
Haemost.	2010;8(9):2063-	2065.

	24.	 Le	Gal	G,	Carrier	M,	Castellucci	LA,	et	al.	Development	and	imple-
mentation of common data elements for venous thromboembolism 
research:	on	behalf	of	SSC	subcommittee	on	official	communication	
from	the	SSC	of	the	ISTH.	J Thromb Haemost.	2021;19(1):297-	303.

	25.	 Cuschieri	S.	The	STROBE	guidelines.	Saudi J Anaesth. 2019;13(suppl 
1):S31-	S34.

SUPPORTING INFORMATION
Additional	 supporting	 information	 can	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	this	article.

How to cite this article:	Müller	S,	Tittl	L,	Speed	V,	et	al.	
Pooled	Analysis	of	Rivaroxaban	therapy	for	acute	venous	
thromboembolism	in	FIRST	registry,	SWIVTER	and	
DRESDEN	NOAC	registry.	Res Pract Thromb Haemost. 
2022;6:e12829. doi: 10.1002/rth2.12829

 24750379, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rth2.12829 by U

niversität B
ern, W

iley O
nline L

ibrary on [04/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/rth2.12829

	Pooled Analysis of Rivaroxaban therapy for acute venous thromboembolism in FIRST registry, SWIVTER and DRESDEN NOAC registry
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Subjects
	2.2|Objectives
	2.3|Treatment duration
	2.4|Statistical Analysis
	2.5|Ethics

	3|RESULTS
	3.1|Patients
	3.2|Follow-up
	3.3|VTE treatment
	3.4|Clinical outcomes

	4|DISCUSSION
	5|LIMITATIONS
	6|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	RELATIONSHIP DISCLOSURE
	REFERENCES


