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INTRODUCTION
Non-valvular atrial fibrillation (NVAF) and 
chronic kidney disease (CKD) are frequently 
associated with each other [1]. In the pivotal 
randomized controlled trials (RCTs) that lead 
to the approval of direct oral anticoagulants 
(DOACs) for stroke prevention in patients with 
NVAF, patients with an estimated creatinine 
clearance (CrCl) <25–30 ml/min [1–3] were 
excluded, and the overall frequency of pa-
tients with moderate renal impairment (CrCl 
<50 ml/min) was about 19% [4]. This applies 
also to the Rivaroxaban Once Daily Oral Direct 
Factor Xa Inhibition Compared with Vitamin 
K Antagonism for Prevention of Stroke and 
Embolism Trial in Atrial Fibrillation (ROCKET 
AF) [5], in which 21% of patients had a CrCl 
<50 ml/min. Importantly, among the latter 
group, all patients who were randomized to 
rivaroxaban in ROCKET-AF received the lower 
15 mg once daily dose [5, 6]. Based on phar-
macokinetic rationales, this reduced dose was 
also subsequently approved for use in clinical 
practice in NVAF patients with severe renal 
impairment (CrCl range 15 to 30 ml/min) [1, 
3, 7]. Interestingly, previous studies indicated 
a potential benefit of anticoagulation with 
DOACs versus vitamin K antagonist (VKA) for 
renal outcomes including a slower decline of 

renal function over time and reduced devel-
opment of CKD stage 5 [8, 9]. The evaluation 
of the efficacy and safety of anticoagulation 
with rivaroxaban as compared to VKA in clin-
ical practice is, therefore, of interest in this 
vulnerable patient group [1, 3, 10]. 

METHODS
The XARENO study is an investigator-initiat-
ed, multicenter, prospective, and non-inter-
ventional registry conducted in Germany, 
Austria, Switzerland, France, Belgium, and 
Luxembourg. Management of patients is 
carried out in clinical routine at the discretion 
of the participating physician. Recruitment 
of patients is conducted by investigators at 
selected study centers. The study sponsor 
obtained approval from an independent Ethics 
Committee or Institutional Review Board in all 
participating countries. The XARENO registry is 
independently managed by the sponsor, GWT-
TUD (Gesellschaft für Wissens- und Technolog-
itransfer, Technische Universität Dresden, 
Germany), and a scientific steering committee. 
Members of the latter are exclusively the au-
thors of this report. The study is registered with 
the unique identifier: NCT02663076.

Inclusion criteria are NVAF as diagnosed 
by the participating physicians, adult age 
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(≥18 years), and an estimated glomerular filtration rate 
(eGFR) between 15 and 49 ml/min per 1.73 m2. (Supple-
mentary material, Table S1). Patients are either treated 
with rivaroxaban or VKA while patients without anticoag-
ulation at the discretion of attending physicians are also 
enrolled for explorative analyses. Patients should have been 
treated with either the recommended 15 mg once daily 
dose of rivaroxaban or VKA for the ≥3 previous months 
before enrolment, at the earliest in January 2012 (when 
rivaroxaban became available for treatment in NVAF in the 
participating countries). Thus, patients will continue their 
previous anticoagulation treatment when included in the 
XARENO study. Further inclusion criteria are summarized 
in Supplementary material, Table S1. 

Exclusion criteria include chronic treatment with par-
enteral anticoagulants or DOACs other than rivaroxaban 
and current or expected renal-replacement therapy (Sup-
plementary material, Table S1).

Pre-specified follow-up is at least 12 months followed 
by a planned extended data collection period for 1 up to 
2 additional years (Figure 1). Primary outcomes for the 
comparison between rivaroxaban and VKA groups after 
12 months include progression of CKD, i.e. the decline in 
eGFR in ml/min per 1.73 m2 and other efficacy and safety 
outcomes as summarized in Supplementary material, Table 
S2. eGFR will be estimated by the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation [11]. In 
addition, creatinine clearance will be analyzed and esti-
mated with the Cockcroft-Gault formula [12]. Secondary 
outcomes include other renal events, rates, causes and 
length of hospitalizations, persistence with oral antico-
agulation therapy, and reasons for discontinuation of this 
treatment (Supplementary material, Table S3). All outcome 
events will be adjudicated by a central blinded adjudication 
committee that includes members of the scientific steering 

committee. Event adjudication will be based on all available 
blinded source data.

Antiplatelet therapy could be used in patients in the ri-
varoxaban or VKA groups at the discretion of the attending 
physicians. The non-interventional design of the XARENO 
registry records only the type and dosage of antithrombotic 
therapy at baseline and during follow-up without provid-
ing recommendations for treatment choice, switches, or 
discontinuation of antithrombotic therapy. To allow for 
meaningful comparisons between rivaroxaban and VKA, 
planned prospective treatment with apixaban, dabigatran, 
edoxaban, or any non-approved experimental anticoag-
ulant drug at baseline excluded patients from the study. 

Informed consent and documentation of baseline 
characteristics of all eligible patients are obtained by the 
attending physician. Data for eGFR and CrCl (based on 
serum creatinine measurements), current anticoagula-
tion therapy, concomitant medications, bleeding events, 
thromboembolic and cardiovascular events, and all further 
events of interest are collected every three months where 
available and as obtained during routine medical practice.

The primary statistical analysis (details are presented in 
suppl. statistical analysis) includes a descriptive analysis of 
the primary and secondary outcomes. A direct comparison 
between groups will be performed only between the rivar-
oxaban and VKA (anticoagulation) groups. The rationale for 
the sample size for the analysis of the primary endpoint of 
progression of CKD is based on a previous report [8] and 
a mean difference in GFR of at least 1 ml/min per 1.73 m2 af-
ter 12 months. All primary and secondary outcome varia-
bles will be analyzed in the intention-to-treat analysis (ITT) 
under the initial treatment (safety population). Patients 
that switched treatment will be censored after the interval 
of their initial treatment. These variables will be analyzed 
using survival analysis and Kaplan-Meier estimation of 

Figure 1. Study design for the XARENO study. During the conduct of the registry, it became apparent that the recruitment of patients was 
slower and lower with overall approximately >700 patients rather than 1000 patients included in the rivaroxaban and VKA group of patients, 
respectively. Therefore, the study protocol was amended and an extended data collection (EDC) period I, for one year is planned. In addition, 
depending on the overall number of patients still available in the registry, another extension for one year may be conducted (EDC II)
aThe recommended dose for rivaroxaban is 15 mg once daily, although physicians may, in clinical practice, change the dose at their discretion
Abbreviations: eGFR, estimated glomerular filtration rate; VKA, vitamin K antagonist
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time to the first event by treatment (rivaroxaban vs. VKA). 
The potential for allocation bias in the XARENO study will 
be addressed by performing additional propensity score 
matching to control for the effects of unbalanced covariates 
[13]. Thus, in addition to ITT, a propensity score matched 
analysis for the comparison between rivaroxaban and VKA 
groups will be performed. The aim in the group of patients 
without anticoagulation is of explorative nature, i.e., it is to 
collect data on patient characteristics and to describe the 
natural course of these patients with CKD and NVAF for the 
same outcome variables analyzed in the two groups with 
oral anticoagulation therapy.

RESULTS AND DISCUSSION
The XARENO study aims to provide valuable prospective 
information on the real-world effectiveness of rivaroxaban 
versus VKA for the vulnerable group of patients with NVAF 
and advanced non-dialysis dependent CKD [1, 3, 10]. This 
also includes the evaluation of a potential protective effect 
of rivaroxaban on the progression of CKD possibly due to 
favorable vascular mechanisms as compared to VKA [14]. In 
this regard, it will not only complement the RCT evidence 
from the ROCKET-AF trial with real-world data but also fill 
a knowledge gap in patients with advanced CKD stage 4, 
with observational prospective data. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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