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Summary 

Background: D-dimer concentrations have not been evaluated extensively as a predictor of 

increased venous thromboembolism (VTE) risk in acutely ill, hospitalized medical patients. 

Objectives: To analyze the relationships between D-dimer concentration, VTE, and 

bleeding in the MAGELLAN trial (NCT00571649). 

Patients/methods: Multicenter, randomized, controlled trial. Patients aged ≥40 years, 

hospitalized for acute medical illnesses with risk factors for VTE received subcutaneous 

enoxaparin 40 mg once daily for 10 ± 4 days then placebo up to Day 35, or oral rivaroxaban 

10 mg once daily for 35 ± 4 days. Patients (n = 7581) were grouped by baseline D-dimer ≤2× 

or >2× upper limit of normal. VTE and major plus non-major clinically relevant bleeding were 

recorded at Day 10, Day 35, and between Days 11 and 35. 

Results: VTE frequency was 3.5-fold greater in patients with high D-dimer concentrations. 

Multivariate analysis showed D-dimer was an independent predictor of VTE risk (odds ratio 

2.29 [95% confidence interval 1.75–2.98]), and was similarly predictive for VTE to 
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established risk factors, e.g. cancer and advanced age. In the high D-dimer group, 

rivaroxaban was non-inferior to enoxaparin at Day 10, and, unlike the low D-dimer group, 

superior to placebo at Day 35 (P < 0.001) and Days 11–35 (P < 0.001). In both groups, 

bleeding outcomes favored enoxaparin/placebo. 

Conclusions: Elevated baseline D-dimer concentrations may identify acutely ill, hospitalized 

medical patients at high VTE risk for whom extended anticoagulant prophylaxis may provide 

greater benefit than those with low D-dimer concentrations. 

 

Primary funding source: Bayer HealthCare Pharmaceuticals, Janssen Research & 

Development, LLC. 

 

Keywords: D-dimer, enoxaparin, hospitalized patients, rivaroxaban, venous 

thromboembolism. 

Introduction 

Acutely ill, hospitalized medical patients, such as those with active cancer or who have 

experienced a stroke, acute heart failure, infection, inflammation, or respiratory failure, are at 

substantial risk of venous thromboembolism (VTE) [1]. Studies have shown that this risk may 

continue beyond the standard duration of anticoagulant therapy [2–4], but determining the 

optimal duration of thromboprophylaxis in this heterogeneous patient population is 

challenging [3–5]. 

 

Three randomized clinical trials have investigated the use of extended anticoagulant therapy 

in acutely ill, hospitalized medical patients. In the EXCLAIM study, after an initial open-label 

10 ± 4 day course of enoxaparin, a further 28 ± 4 days of therapy significantly reduced the 

overall incidence of VTE compared with placebo [4]. Subsequently, the MAGELLAN study 

investigated the effect on VTE incidence of extended prophylaxis (35 ± 4 days) using the 

oral, direct Factor Xa inhibitor rivaroxaban compared with standard-duration subcutaneous 
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enoxaparin (10 ± 4 days) followed by oral placebo [6]. In MAGELLAN, rivaroxaban was 

shown to be non-inferior compared with enoxaparin at Day 10 in terms of VTE incidence, 

and superior to enoxaparin followed by placebo at Day 35 [3]. The ADOPT study 

investigated the effect on VTE risk of thromboprophylaxis with apixaban given for 30 days 

compared with enoxaparin given for between 6 and 14 days, but failed to show superiority 

for the extended apixaban regimen [5]. 

 

In all three studies, overall bleeding rates were low. However, the extended prophylaxis 

regimens carried a significantly increased risk of major bleeding in EXCLAIM and ADOPT 

and of clinically relevant bleeding (major plus non-major clinically relevant bleeding) in 

MAGELLAN versus the comparator arms. Therefore, for all three studies, the benefit–risk 

balance for extended thromboprophylaxis in the overall study populations was not favorable 

[3–5]. 

 

A preliminary univariate analysis of the MAGELLAN data identified baseline D-dimer 

concentration as an independent predictive factor for VTE (data on file). D-dimer is a fibrin 

degradation product that occurs as a result of thrombus fibrinolysis [7], and elevated 

concentrations have previously been associated with an increased risk of VTE in acutely ill 

patients [8,9]. Because D-dimer is a sensitive (typically 85–95%, dependent on assay) but 

non-specific (50–70%) marker of thrombosis that is widely used in clinical practice as a 

diagnostic aid for suspected VTE [7,10], it was hypothesized that D-dimer concentrations 

could be employed to identify a subgroup of acutely ill patients at high risk of VTE for whom 

the benefit–risk balance of extended thromboprophylaxis might be favorable. In this 

subanalysis, the relationship between D-dimer concentrations, thromboprophylaxis, and 

efficacy and safety outcomes in the MAGELLAN study were evaluated. 
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Methods 

Study design and endpoints 

The MAGELLAN protocol and inclusion criteria have been reported previously [6]. Briefly, 

patients aged ≥40 years who were hospitalized for various acute medical illnesses with risk 

factors for VTE, and who had an anticipated survival of >6 months, were randomized to 

receive either subcutaneous enoxaparin 40 mg once daily for 10 ± 4 days followed by 

placebo up to Day 35, or oral rivaroxaban 10 mg once daily for 35 ± 4 days. 

 

The primary efficacy endpoints were the composite incidence of asymptomatic proximal 

deep vein thrombosis, symptomatic deep vein thrombosis, symptomatic non-fatal pulmonary 

embolism, and VTE-related death up to Day 10 and Day 35. The principal safety outcome 

was the composite of treatment-emergent major bleeding and non-major clinically relevant 

bleeding at Day 10 and Day 35. Overt bleeding episodes falling outside these criteria, on-

treatment adverse events, and laboratory parameters were secondary safety outcomes [6]. 

 

As per protocol, D-dimer concentrations were determined at baseline (Day 1; prior to 

receiving the first dose of study medication and between 2 and 4 hours afterwards), and on 

Day 10 pre- and post-dose. The pre-dose concentration was used unless missing, in which 

case the post-dose value was used. All analyses were conducted at a central laboratory 

using the STA Liatest D-DI (Diagnostica Stago, Asnières-sur-Seine, France) assay, which 

has an upper limit of normal (ULN) of 0.5 μg mL–1. This is a quantitative assay of D-dimer 

antigen in citrated plasma by the immunoturbidimetric method based on measurement of 

light absorbance produced by a suspension of microlatex particles coated with specific 

mouse anti-human D-dimer monoclonal antibodies. The results of D-dimer tests were not 

provided to treating physicians. 
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Subanalysis design and endpoints 

In MAGELLAN, the overall median baseline D-dimer concentration was 0.94 µg mL–1, which 

corresponds to approximately twice the ULN. Therefore, patients were grouped post-hoc 

according to whether their D-dimer concentration was ≤2× ULN or >2× ULN, and a 

multivariate analysis was conducted using this cut-off. The multivariable logistic regression 

model included treatment group and D-dimer concentration at baseline, and applied a 

stepwise variable selection (using an entry level of P = 0.3, which was considered 

appropriate based on exploratory analyses) for additional covariates including sex, age 

≥75 years, body mass index, creatinine clearance, geographic region, all acute medical 

conditions present, baseline high-sensitivity C-reactive protein, history of VTE, and recent 

major surgery. Receiver operating characteristic (ROC) analysis was performed for the 

incidence of VTE at Day 10 and Day 35; the area under the ROC curve for D-dimer at 

baseline and the positive and negative predictive values, sensitivity, and 1-specificity were 

derived; ROC results were also derived for two other VTE risk scores for hospitalized 

medical patients – IMPROVE [11] and PRETEMED [12,13] – to evaluate the predictive value 

of baseline D-dimer for VTE. 

 

VTE and major and non-major clinically relevant bleeding were analyzed for the group of 

patients with a baseline D-dimer concentration >2× ULN (the high D-dimer group) and for 

those with a baseline D-dimer concentration ≤2× ULN (the low D-dimer group). An 

exploratory analysis of the above outcomes by D-dimer concentration occurring during the 

extended prophylaxis period (Days 11–35) was also conducted. Criteria for inclusion in the 

populations evaluated for efficacy and safety have been reported previously [6]. The per-

protocol population was the primary population used for analysis of non-inferiority at Day 10, 

whereas the modified intention-to-treat population was the efficacy population for superiority 

analysis at Day 35. The safety population comprised all patients who received a study drug. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

In the current analysis, the efficacy population was used for post-hoc evaluation of efficacy 

during the extended prophylaxis period. 

 

Statistical methods 

In the analyses presented here, for VTE and bleeding outcomes, relative risk (RR) ratios 

(rivaroxaban vs enoxaparin or rivaroxaban vs enoxaparin/placebo) were estimated based on 

asymptotic methods. If not noted otherwise, two-sided P values and two-sided 95% 

confidence intervals (CIs) were calculated for tests. 

 

Study oversight, registration and role of the funding source 

The MAGELLAN study was conducted in accordance with the Declaration of Helsinki and 

local regulations. The protocol was approved by the local Institutional Review Board or 

Ethics Committee and written informed consent was obtained from each patient prior to any 

study-specific procedures. The study was supported by research funding from Bayer 

HealthCare Pharmaceuticals and Janssen Research & Development, LLC to the 

MAGELLAN study group, and was designed and supervised by the MAGELLAN Steering 

Committee. Data were collected and analyzed by the study sponsors. All authors contributed 

to writing the manuscript, had full access to the data and analyses, and vouch for the 

accuracy and completeness of the report. The Steering Committee made the decision to 

publish. This trial was registered at www.clinicaltrials.gov as NCT00571649. 

 

Results 

Baseline patient characteristics by D-dimer concentration 

MAGELLAN randomized 8101 patients from 556 sites in 52 countries between December 

2007 and July 2010 (Fig. S1) [3]. Of these, 7581 patients had D-dimer measurements (of 
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which the post-dose D-dimer value was used in 7.6% and 5.3% of patients valid for safety 

analysis at baseline and Day 10, respectively). Baseline characteristics by D-dimer 

concentration are shown in Table 1. Compared with the low D-dimer group, patients in the 

high D-dimer group were slightly older, had a lower body mass index, and had a higher 

incidence of heart failure, active cancer, infection or inflammation, and additional risk factors 

for VTE, but a lower incidence of acute ischemic stroke and respiratory insufficiency. 

 

Venous thromboembolism by D-dimer concentration 

D-dimer concentrations at baseline and Day 10 for patients with or without VTE at Day 10 

and Day 35 are shown in Table 2; patients with VTE had a mean baseline D-dimer 

concentration that was higher than those who did not. Patients with high D-dimer 

concentrations at baseline and Day 10 were more likely to have VTE by Day 35 than those 

with lower concentrations, regardless of treatment (Fig. S2). Overall, 106 of 2662 (4.0%) 

patients in the high D-dimer group had a venous thromboembolic event by Day 10, 

compared with 35 of 3037 (1.2%) in the low D-dimer group. The absolute VTE rate 

increased with rising baseline D-dimer concentration in both study arms, and was more 

pronounced with enoxaparin than rivaroxaban at Day 10 (data not shown) and with 

enoxaparin/placebo at Day 35 (Fig. 1). 

 

The outcome of the multivariate analysis at Day 35 confirmed that D-dimer concentration 

>2× ULN compared with ≤2× ULN was an independent predictor of the risk of VTE (odds 

ratio [OR], 2.29; 95% CI, 1.75–2.98; Table 3). The area under the ROC curve for D-dimer at 

baseline ranged between 0.67 and 0.74, depending on the day of VTE assessment and 

treatment group, with larger values for enoxaparin and placebo than for rivaroxaban 

(Table S1 and Fig. S3). Baseline D-dimer concentration had a similar predictive value for 

VTE to the IMPROVE risk score at admission and during hospitalization, and the 

PRETEMED risk score, when applied to the MAGELLAN data (Table S2). 
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VTE incidence by D-dimer group is shown in Fig. 2 and Fig. 3. In the primary analysis, 

rivaroxaban was non-inferior to enoxaparin (prespecified RR margin of 1.5) at Day 10 in the 

overall study population for VTE incidence (2.7% in both arms; RR = 0.97; 95% CI, 0.71–

1.31), and superior to enoxaparin/placebo at Day 35 (4.4% vs 5.7%, respectively; RR = 0.77; 

95% CI, 0.62–0.96; P = 0.02) [14]. In this analysis, rivaroxaban remained non-inferior to 

enoxaparin at Day 10 in both D-dimer groups: high D-dimer group, 49/1312 (3.7%) and 

57/1350 (4.2%) patients with VTE for rivaroxaban and enoxaparin, respectively; low D-dimer 

group, 20/1517 (1.3%) and 15/1520 (1.0%) patients, respectively. At Day 35, rivaroxaban 

was superior to enoxaparin/placebo in the high D-dimer group (VTE incidence rates of 

84/1285 [6.5%] vs 125/1348 [9.3%]), respectively, whereas rates in the low D-dimer group 

were similar between the treatment arms (36/1558 [2.3%] vs 35/1573 [2.2%], respectively). 

 

In the extended prophylaxis period (Days 11–35), rivaroxaban was superior to placebo in the 

high D-dimer group (43/1259 [3.4%] vs 84/1321 [6.4%], respectively). In contrast, and as 

seen with the above analyses, patients in the low D-dimer group had similar incidences of 

VTE in both study arms (22/1553 [1.4%] vs 21/1563 [1.3%], respectively). 

 

Safety outcomes by D-dimer concentration 

Bleeding outcomes by D-dimer group are shown in Fig. 2. In the overall MAGELLAN study 

population, major or non-major clinically relevant bleeding occurred in 2.8% of patients given 

rivaroxaban and 1.2% of patients given enoxaparin at Day 10 (RR = 2.3; 95% CI, 1.63–3.17; 

P < 0.001) [14]. In the high D-dimer group, major or non-major clinically relevant bleeding 

occurred with an incidence of 3.4% (61/1781) in the rivaroxaban arm and 1.7% (31/1834) in 

the enoxaparin arm at Day 10 (RR = 2.03; 95% CI, 1.32–3.11; P = 0.001), and 2.0% 

(41/2003) and 0.9% (17/1963), respectively, in the low D-dimer group (RR = 2.36; 95% CI, 

1.35–4.15; P = 0.003). 
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At Day 35, rates of major or non-major clinically relevant bleeding in the overall population 

were 4.1% among rivaroxaban recipients and 1.7% among enoxaparin/placebo recipients 

[14]. For patients in the high D-dimer group, the equivalent rates at Day 35 were 4.8% 

(86/1781) and 2.2% (40/1834) (RR = 2.21; 95% CI, 1.53–3.20; P < 0.001). These rates were 

3.4% (68/2203) and 1.3% (25/1963), respectively, for the low D-dimer group (RR = 2.67; 

95% CI, 1.69–4.20; P < 0.001). In the Day 11–35 analysis, major plus non-major clinically 

relevant bleeding occurred at similar rates between rivaroxaban and placebo in the high and 

low D-dimer groups: 1.5% (27/1781) versus 0.5% (9/1834) in the high D-dimer group (RR = 

3.09; 95% CI, 1.46–6.55; P = 0.003) and 1.4% (28/2003) versus 0.5% (9/1963) in the low D-

dimer group (RR = 3.05; 95% CI, 1.44–6.45; P = 0.004). 

 

Overall mortality at Day 35 was greater in the high D-dimer group (5.7% [102/1781] for 

rivaroxaban vs 5.7% [104/1834] for enoxaparin/placebo) than the low D-dimer group (2.2% 

[45/2003] vs 2.0% [40/1963]), and the incidence of all adverse events was also slightly 

higher (high D-dimer: 1243/1781 [69.8%] for rivaroxaban vs 1288/1834 [70.2%] for 

enoxaparin/placebo; low D-dimer: 1320/2003 [65.9%] vs 1254/1963 [63.9%], respectively). 

Rates for liver function abnormalities up to Day 35 varied minimally by D-dimer group and 

were similar between the rivaroxaban and enoxaparin/placebo treatment arms; among 

patients with high baseline D-dimer concentrations, aspartate aminotransferase was 

elevated by >3× ULN versus baseline in 15/1511 (1.0%) patients in the rivaroxaban arm and 

18/1537 (1.2%) patients in the enoxaparin/placebo arm; for patients with low baseline D-

dimer concentrations, these rates were 11/1758 (0.6%) and 17/1758 (1.0%) patients, 

respectively. Similar results were found for alanine aminotransferase and bilirubin 

concentrations. 

Discussion 

The MAGELLAN study provides the largest D-dimer dataset (7581 patients with evaluable 

concentrations) accumulated in acutely ill, hospitalized medical patients, from which the 
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relationship between D-dimer concentration and risk of VTE, and the effect of 

thromboprophylaxis on this risk, has been evaluated. This analysis shows that the risk of 

VTE increases with rising D-dimer concentration, and patients with a baseline D-dimer 

concentration >2× ULN are at a 3.5-fold higher risk of VTE than those with concentrations 

≤2× ULN. Elevated D-dimer concentrations at Day 10 were associated with an increased risk 

of VTE up to Day 35. Multivariate analysis confirmed that baseline D-dimer concentration is 

an independent predictor of VTE risk (OR = 2.29 [95% CI, 1.75–2.98]) after adjustment for 

other known risk factors, and had a similar association to the established risk factors for VTE 

of cancer (OR = 1.97 [95% CI, 1.31–2.97]) and age ≥75 years (OR = 1.53 [95% CI, 1.15–

2.04]).  

 

The area under the ROC curve for D-dimer at baseline (0.67–0.74) indicated that D-dimer 

concentration had a similar predictive value for VTE to validated scores for assessing the 

VTE risk in acutely ill, hospitalized medical patients, namely IMPROVE (0.59–0.65) [11] and 

PRETEMED (0.54–0.56) [12,13]. It may be possible to create a similar score incorporating 

D-dimer and other variables to predict the VTE risk in hospitalized patients. In particular, 

high D-dimer levels have been shown to be predictive of VTE risk and mortality in patients 

with cancer [15,16]. However, it was not possible to postulate such a score using the 

MAGELLAN data because the study was insufficiently powered to allow for a validation 

cohort in the control arm. 

 

These observations corroborate those of the MEDENOX D-dimer subanalysis in 224 acutely 

ill, hospitalized medical patients [8]. In patients who had VTE, median D-dimer 

concentrations were significantly higher both at baseline (Day 0; P = 0.01) and at Day 10 

(P < 0.001) than in patients without VTE, and all events occurred in patients who had 

elevated D-dimer concentrations at Day 0 and on Day 10 [8]. More recently, a Chinese study 

in 458 elderly patients also indicated a significant association between elevated D-dimer 

concentration and VTE [9]; multivariate analysis showed that patients with raised baseline 
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D-dimer concentrations had a 3.2-fold increased risk (95% CI, 1.5–6.5; P = 0.002) of VTE 

compared with patients with a normal baseline D-dimer. 

 

In the MAGELLAN primary efficacy analysis, rivaroxaban was non-inferior to enoxaparin at 

Day 10 and superior to enoxaparin/placebo at Day 35 for reductions in VTE, although the 

incidence of clinically relevant bleeding was higher [3]. In this analysis, non-inferiority was 

maintained for the high D-dimer group at Day 10, and a more substantial reduction in VTE 

was achieved at Day 35: rivaroxaban treatment led to reductions of 29% in RR and 2.8% in 

absolute risk over enoxaparin/placebo. This benefit was maintained during the extended 

prophylaxis period (Days 11–35, rivaroxaban vs placebo), with reductions in relative and 

absolute risk of 46% and 3%, respectively. As in the overall population, incidence rates for 

major or non-major clinically relevant bleeding remained higher for rivaroxaban than for 

enoxaparin and placebo in both D-dimer groups at all time points analyzed. These results 

suggest that continuing anticoagulant prophylaxis beyond Day 10 could be considered in 

patients with high baseline D-dimer concentrations but would be unlikely to benefit those 

whose baseline D-dimer concentrations were low. It could be argued that determination of D-

dimer concentration at the end of the usual 10-day prophylaxis period might provide a better 

indication of whether continued therapy is warranted than pre-treatment values. However, it 

is likely to be impractical to collect samples and conduct D-dimer assays at or after hospital 

discharge and for this reason our study primarily concentrated on baseline D-dimer 

concentrations, which are routinely measured on admission.  

 

Our study has limitations. This was a post-hoc analysis with a retrospectively defined cut-off 

for D-dimer concentration, and as such our results warrant prospective confirmation. An 

objective analysis, such as ultrasound imaging, was not routinely performed to prove the 

absence of thrombosis at the time of baseline D-dimer testing; however, this is consistent 

with the usual standard of care and thus reflects real-life clinical practice. D-dimer assays 

have varying sensitivity and specificity, and because sensitivity and cut-off points vary with 
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the proprietary test, there is no standard for comparing one test with another. For this 

reason, a multiple of the ULN was chosen for the D-dimer cut-off in this study. However, it 

should be noted that newer generation tests, such as the enzyme-linked immunosorbent 

assay (ELISA) and quantitative latex agglutination methods, are highly sensitive (>90%) and 

are superior to whole-blood D-dimer assays, latex semi-quantitative, and latex qualitative 

assays [17]. A number of studies have shown that the STA Liatest D-DI assay used in 

MAGELLAN performs similarly to the ELISA D-dimer assay [18–20]. Although the use of a 

centralized laboratory necessitated the freezing and transportation of plasma samples, we 

performed stability studies that confirmed samples can be stored in this way for up to 18 

months without affecting the results of D-dimer assays (data on file), a finding that is 

supported by an earlier published study [21]. Baseline D-dimer concentrations were missing 

in approximately 6.5% of patients, necessitating imputation of the post-dose value, but it 

should be noted that the latter measurements were taken on the same day as the first dose 

and would not be expected to show a relevant difference to the baseline value. Given that D-

dimer assays are widely available and are used extensively in clinical practice to assist VTE 

diagnosis, D-dimer concentration represents a useful marker to aid clinical decision-making. 

 

In summary, an elevated concentration of D-dimer measured soon after admission is 

independently associated with the risk of VTE in acutely ill, hospitalized medical patients. 

Elevated D-dimer was an independent predictor of VTE, and at least as predictive of VTE as 

other more complicated clinical scores. Medical patients with high D-dimer levels have been 

identified not only as being at particularly high risk of VTE, but also as a group for whom 

anticoagulant prophylaxis may provide an improved benefit–risk profile compared with 

patients with low baseline D-dimer. Assessment of D-dimer at the end of the standard 10-

day prophylaxis period may also provide an indication of risk and benefit from extended 

thromboprophylaxis. However, the increased bleeding risk associated with extended 

anticoagulation in these patients necessitates caution, and prospective clinical studies are 

required to further investigate these findings. 
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L. Haskell (United States of America); D. Hu (China); R. Hull (Canada); A. Mebazaa 
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States of America). 
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Y. Wang, Y. Wang, C. Wu, J. Wu, S. Wu, S. Xian, Q. Xiu, B. Xu, X. Yan, K. Yang, L. Yang, 

Y. Yang, D.P. Zhang, J. Zhang, S. Zhang, Y. Zhao, Z. Zhao, Y. Zhou; Colombia (8 sites): 

R. Botero, J.E. Cedano, D. Fajardo, L.F. Gómez, C.F. Jaramillo, R. Rada, L.G. Uribe, 

J.C. Velásquez; Croatia (6 sites): M. Bergovec, S. Hajnsek, A. Knezevic, M. Samarzija, 

R. Steiner, S. Zupancic-Salek; Czech Republic (7 sites): J. Fiksa, K. Gorican, A. Linhart, 

I. Macel, O. Mayer, V. Prochazka, J. Sedlacek; Denmark (5 sites): S. Avnstrøm, H. Nielsen, 

T. Nielsen, O.V. Østergaard, C. Tuxen; Estonia (4 sites): O. Kolbassova, M. Lember, 

T. Marandi, T. Uuetoa; Finland (2 sites): J. Karmakoski, R. Lassila; France (22 sites): 

S. Aquilanti, JF. Bergmann, D. Brisot, P. Debourdeau, A. Duchemin, D. Farge-Bancel, 

C. Fournier, M. Galinier, P. Lacroix, M. Lambert, C. Le Jeunne, B. Lorcerie, I. Mahe, 

C-H. Marquette, P. Mismetti, D. Mottier, A. Proust, I. Quere, R. Rihani, J. Schmidt, 

D. Stephan, D. Vital-Durand; Germany (27 sites): J. Barth, J. Beyer-Westendorf, M. Borst, 

A. Dormann, F-M. Drouven, C. Espinola-Klein, T. Heintges, H. Hindahl, T. Klotz, H. Lawall, 
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M. Leschke, H-R. Milstrey, S. Möbius-Winkler, B. Mühlbauer, C. Niederau, W. Petermann, 

C. Pohl, J-D. Ringe, B. Sanner, I. Scharrer, S. Schellong, J.A. Schmidt-Lucke, I. Schöffauer, 

E. Stoelben, W. Theelen, R. Veltkamp, J. vom Dahl; Greece (10 sites): S. Apsokardos, 

D. Babalis, H. Bassaris, A. Karafoulidou, A. Katsivas, G. Panoutsopoulos, S. Patsilinakos, 

A. Skoutelis, M. Toubis, F. Vlastos; Hong Kong (2 sites): L.K.S. Wong, R.S.M. Wong; 

Hungary (8 sites): Z. Frankfurter, F. Nagy, G. Jakab, I. Kondakor, J. Nikl, G. Nyirati, 

Z. Szakacs, N. Szegedi; India (14 sites): G. Avvaru, S. Bhairappa, A.N. Cheviri, M. Gadkari, 

P. Grant, K. Kuchimanchi, K.P. Kumar, A. Mahajan, A. Naik, A. Oomman, C. Raghu, 

R.M.P.L. Ramanathan, D. Talwar, J. Whig; Indonesia (3 sites): H. Kalim, M.H. Machfoed, 

K.L. Tambunan; Israel (10 sites): M. Elias, N. Elias, T. Hayek, M. Lishner, S. Oren, 

H. Osamah, Z. Sthoeger, G. Telman, D. Zeltser, R. Zimlichman; Italy (21 sites): W. Ageno, 

G. Agnelli, M. Berrettini, M. Bondi, R. Buzzoni, G. Castaman, A. De Blasio, E. De Gaudenzi, 

A. Falanga, A. Fontanella, M. Giorgi Pierfranceschi, R. Landolfi, C. Lodigiani, E. Morra, 

P. Parise, M. Pini, A. Pizzini, R. Poggio, R. Quintavalla, S. Siragusa, F. Violi; Japan 

(32 sites): S. Ando, K. Fujimoto, K. Fukui, J. Funada, O. Hataji, H. Ibata, T. Ichinose, 

H. Ikefuji, S. Imai, K. Ito, H. Kani, M. Kato, Y. Momiyama, S. Nishi, S. Mekaru, T. Mio, 

M. Nagaoka, H. Nakagawa, Y. Nakamura, O. Okazaki, K. Oshiro, T. Ozawa, T. Saito, 

S. Sakagami, A. Shimizu, Y. Shiohira, E. Tanaka, T. Uchiyama, K. Utsugisawa, T. Tsuji, 

A. Wada, N. Yamada; Korea (7 sites): S-M. Bang, C-S. Chung, D.W. Kang, Y-K. Kim, 

Y-S. Lee, D. YeunOh, B-W. Yoon; Latvia (6 sites): I. Aizsilniece, D. Krievins, U. Kupcs, 

N. Pontaga, V. Rozitis, I. Stukena; Lithuania (10 sites): B. Alekniene, A. Bagdonas, 

V. Basijokiene, Z. Butkiene, V. Griskeviciene, G. Gumbrevicius, R. Norviliene, 

R. Petrauskiene, S. Stonkus, A. Vitkauskas; Luxembourg (2 sites): P. Muller, S. Rauh; 

Malaysia (3 sites): S.P. Chin, K.H. Sim, B.W.A. Wan Azman; Mexico (12 sites): 

J.I. Cardoza Amador, J. Gallegos Martínez, M. Gómez Lara, J. González Garza, 

D.E. Hernández Gaeta, M.J. Herver Cabrera, F. Nares Ochoa, R.A. Perea Sánchez, 

C. Romero López, A. Tanaka Chávez, M.Á. Vázquez López, V.M. Velasco Rodríguez; the 

Netherlands (4 sites): A. Dees, A.M. de Kreuk, R. Fijnheer, H. ten Cate; New Zealand 

(3 sites): S. Jackson, P. Ockelford, D. Simpson; Norway (4 sites): W.K. Ghanima, 

F.H. Schjesvold, I. Stokstad, R. Torp; Pakistan (3 sites): Z. Aziz, N. Rizvi, G.N. Tayyab; 

Peru (7 sites): F. Arrieta Días, R. Castillo Leon, R. Cotrina, Z. Moncada Vilela, 

M. Salas Pérez, O.C. Salazar Candiotti, V.R. Ulloa Pérez; Poland (14 sites): M. Biedrzycka, 

M. Bojarska-Los, A. Goch, M. Gorska, M. Gutowska-Jablonska, K. Jahnz-Rozyk, W. Krysiak, 

E. Mirek-Bryniarska, M. Ogorek, A. Sydor, A. Szczeklik, L. Walasek, K. Wrzesinski, 

T. Zechowicz; Portugal (10 sites): P. Bettencourt, J. Ducla Soares, A. Ferreira, F. Ferreira, 

F. Gomes, A. Martins, A. Mello e Silva, L. Providência, T. Rodrigues, F. Santos; Russia 

(8 sites): G. Aroutynov, O. Ershova, T. Fedorova, M.G. Glezer, S. Khatkova, V. Moiseev, 
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N. Shilkina, A. Sotnikov; Singapore (6 sites): G. Chua, H.W. Gan, A.W.K. Ng, T.H. Ong, 

R.S. Tan, O.T. Tang; Slovakia (5 sites): L. Gaspar, F. Kovar, V. Spisak, J. Stevlik, 

M. Szentivanyi; Slovenia (6 sites): M. Flezar, V. Gorjup, M. Jereb, M. Sok, G. Tratar, 

B. Zvan; South Africa (14 sites): D. Adler, B. Bloy, L.M. Dreosti, J.M. Engelbrecht, 

H. Janse van Rensburg, C.F.N. Koegelenberg, H. Nortje, S. Quinton, W.J. Rabie, 

B.L. Rapoport, A Roodt, C. Smith, F.W.F.J. Steenkamp, E. van Nieuwenhuizen, L. van Zyl; 

Spain (11 sites): J. Bisbe, A. Castro, F. Cereto Castro, F. Conget, M. Guil, M. Monreal, 

J-A. Nieto Rodríguez, R. Tirado Miranda, C. Tolosa, J. Trujillo Santos, J. Villalta; Sweden 

(9 sites): E. Bertholds, M. Cwikiel, A-C. Laska, J. Östergren, A. Själander, P. Svensson, 

I. Timberg, I. Torstensson, P.G. Wiklund; Switzerland (6 sites): M. Banyai, I. Baumgartner, 

A. Imhof, C. Jeanneret, P. Nussbaumer, J.A. Schifferli; Taiwan (5 sites): K.Y-C. Chuang, 

B-F. Guo, J.T. Lee, Y-H Lin, KG. Shyu; Thailand (3 sites): C. Permpikul, C. Pothirat, 

A. Wattanathum; Turkey (6 sites): E. Goker, B. Ilerigelen, S. Kucukoglu, S. Nalbantgil, 

H. Sirin, U. Yilmaz; Ukraine (16 sites): S. Genyk, Y. Goncharova, O. Karpenko, O. Korzh, 

V. Koval, O. Legkonogov, M. Perepeliuk, A. Polyakov, T. Ryabichenko, V. Skrebkov, 

V. Sorkin, Y. Svyshchenko, V. Tseluyko, I. Vakaliuk, M. Vatutin, L. Voronkov; UK (7 sites): 

A. Cohen, R. Durairaj, M. Elliott, P. Kesteven, J.K. Luckit, P. Rafferty, M. Scully; USA 

(72 sites): C.R. Albrecht III, S. Anderson, M. Benninghoff, M. Bidair, T.A. Birch, 

J. Brensilver, S. Chastain, D. Chen, A.J. Comerota, M. Concha, S.A. Conrad, M.J. Cox, 

N.Y. Daboul, J. Dexter, D.W. Dietrich, R.H. Fei, M.L. Fontes, W.J. French, E. Gonzales, 

M.R. Hazelrigg, B.N. Heller, A.M. Heyder, G.T. Hill Jr, A.K. Jaffer, P. Jetty, G. Johnson, 

S. Kaatz, M. Kazimir, R.C. Lavender, C.B. Lawton, R. Lerner, R.W. Light, T.G. Ling, 

S. Mahal, P. Manos, J. Masson, K. Maynor, R.B. McLafferty, P. Mehra, G.J. Merli, 

H.S. Minkowitz, R.M. Murray, V. Nadar, A. Nathanson, W.F. Patton, M. Peberdy, M. Plautz, 

P. Pokharel, O.E. Quintana, K. Rajamani, P. Rastogi, W.M. Reiter, J.A. Reyes, D. Schuller, 

A. Seibert, A. Sharma, J. Simmons, G.A. Soff, R.W. Stein, S. Stoltz, J. Suen, C. Thurm, 

W. Toe, J.D. Updegrove, J.A. Ward, K. Waxman, J. Welker, F.C. Whittier, P.E. Wright Jr, 

T. Wun, R.D. Yusen, T.M. Ziedalski. 
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Table 1 Patient characteristics at entry by baseline D-dimer concentration (safety 

population) 

Baseline D-dimer 

concentration 

>2× ULN  

(high D-dimer group) 

≤2× ULN  

(low D-dimer group) 

Parameter 

Rivaroxaban 

n = 1781 

Enoxaparin/ 

placebo 

n = 1834 

Rivaroxaban 

n = 2003 

Enoxaparin/ 

placebo 

n = 1963 

Age, mean, years 71.4 71.3 67.3 67.2 
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Weight, mean, kg 75.2 75.8 79.1 78.8 

Height, mean, cm 165 165 166 165 

BMI, mean, kg m–2 27.5 27.7 28.7 28.7 

Male, % 53.1 49.6 58.4 55.7 

Heart failure, % 34.5 36.4 30.7 29.8 

Active cancer, % 9.0 8.5 6.0 6.0 

Acute ischemic 

stroke, % 

11.5 11.5 22.8 22.9 

Infection/ 

inflammation, % 

52.4 51.5 42.8 42.0 

Respiratory 

insufficiency, % 

25.7 27.5 27.7 29.9 

Additional risk factor 

for VTE, % 

45.3 44.1 40.6 41.5 

BMI = body mass index; ULN = upper limit of normal; VTE = venous thromboembolism. 
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Table 2 D-dimer concentrations at baseline and Day 10 for patients with and without VTE at 

Day 10 and 35 

 Rivaroxaban Enoxaparin/placebo 

Time point/ 

outcome 
n 

D-dimer 

concentration, 

μg mL–1 

mean (SD) 

95% CI n 

D-dimer 

concentration, 

μg mL–1 

mean (SD) 

95% CI 

Baseline D-dimer 

Day 10 with 

VTE* 
77 2.14 (1.34) 1.84–2.45 77 2.48 (1.39) 2.16–2.79 

Day 10 without 

VTE*  
3707 1.35 (1.13) 1.31–1.39 3720 1.35 (1.13) 1.32–1.39 

Day 35 with 

VTE†  
122 2.07 (1.30) 1.83–2.30 161 2.24 (1.28) 2.04–2.44 

Day 35 without 

VTE†  
3662 1.34 (1.13) 1.31–1.38 3636 1.34 (1.13) 1.30–1.37 

Days 11–35 with 

VTE† 
66 1.84 (1.24) 1.53–2.14 106 2.24 (1.25) 1.99–2.48 

Days 11–35 

without VTE† 
3718 1.36 (1.14) 1.32–1.40 3691 1.35 (1.14) 1.31–1.39 

Day 10 D-dimer 

Day 35 with 92 1.67 (1.25) 1.41–1.93 138 1.70 (1.15) 1.51–1.89 
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VTE† 

Day 35 without 

VTE† 
3221 1.03 (1.01) 1.00–1.07 3233 1.01 (0.96) 0.98–1.05 

Days 11–35 with 

VTE† 
52 1.69 (1.30) 1.33–2.06 98 1.71 (1.10) 1.49–1.93 

Days 11–35 

without VTE† 
3261 1.04 (1.01) 1.00–1.07 3273 1.02 (0.97) 0.99–1.05 

CI = confidence interval; SD = standard deviation; VTE = venous thromboembolism. 

* Per-protocol population. 

† Efficacy population. 

 

Table 3 Multivariate logistic regression analysis of VTE up to Day 35 (efficacy population) 

  Likelihood ratio test  

Odds 

ratio 95% CI Covariate 

Degree(s) 

of 

freedom 

Chi 

square P value 

Comparison for 

odds ratio 

History of 

DVT/PE 
1 67.42 <0.001 Yes vs no 5.00 3.55–7.05 

Recent major 

surgery* 
1 5.29 0.022 Yes vs no 3.08 1.30–7.25 

Baseline 

D-dimer 

concentration 

1 39.16 <0.001 
>2× ULN vs 

≤2× ULN 
2.29 1.75–2.98 
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Active cancer 1 9.34 0.002 Yes vs no 1.97 1.31–2.97 

Creatinine 

clearance 

group at 

enrolment, 

mL min–1 

3 13.54 0.004 

<30 vs >80 0.52 0.15–1.75 

30–<50 vs >80 1.76 1.22–2.54 

50–≤80 vs >80 1.19 0.87–1.64 

Age ≥75 years 1 8.54 0.004 Yes vs no 1.53 1.15–2.04 

Baseline 

hs-CRP 
1 9.86 0.002 

>Median vs 

≤median† 
1.49 1.16–1.91 

Sex 1 0.04 0.83 Female vs male 1.03 0.80–1.31 

Treatment 

group 
1 4.98 0.026 

Rivaroxaban vs 

enoxaparin/ 

placebo 

0.76 0.60–0.97 

Acute 

respiratory 

insufficiency 

1 4.71 0.03 Yes vs no 0.72 0.54–0.98 

CI = confidence interval; DVT = deep vein thrombosis; hs-CRP = high-sensitivity C-reactive 

protein PE = pulmonary embolism; ULN = upper limit of normal; VTE = venous 

thromboembolism. 

* Within 6–12 weeks. 

† Includes missing values. 
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Figure legends 

Fig. 1. Absolute event rate for venous thromboembolism at Day 35 by treatment arm and 

baseline D-dimer concentration. Results are shown for the efficacy population. 

 

Fig. 2. Rates and relative risks of VTE and major plus non-major clinically relevant bleeding 

at Day 10, Day 35 and Days 11–35. Effect shown by baseline D-dimer concentration >2× 

ULN vs ≤2× ULN. CI = confidence interval; RR = relative risk; ULN = upper limit of normal; 

VTE = venous thromboembolism. 

 

Fig. 3. Outcomes and relative risks by time point for the high and low D-dimer groups. 

Venous thromboembolism and major plus non-major clinically relevant bleeding. 

CI = confidence interval; NMCR = non-major clinically relevant; RR = relative risk; 

ULN = upper limit of normal. 
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P = 0.52
RR = 0.89
95% CI: 

0.61–1.29 P = 0.39
RR = 1.33
95% CI: 

0.69–2.60

P = 0.001
RR = 2.03
95% CI: 

1.32–3.11

P = 0.003
RR = 2.36
95% CI: 

1.35–4.15

Rivaroxaban Enoxaparin/placebo

>2× ULN ≤2× ULN
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10.0
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5.0

2.5

0

3.4%

1.7% 2.0%
0.9%

P < 0.001
RR = 0.71
95% CI: 

0.54–0.92

P = 0.87
RR = 1.04
95% CI: 

0.66–1.65

P < 0.001
RR = 2.21
95% CI: 

1.53–3.20

P < 0.001
RR = 2.67
95% CI: 

1.69–4.20

Day 35

>2× ULN ≤2× ULN

6.5%

9.3%

2.3% 2.2%

>2× ULN ≤2× ULN

4.8%

2.2%
3.4%

1.3%

P < 0.001
RR = 0.54
95% CI: 

0.38–0.77

P = 0.86
RR = 1.05
95% CI: 

0.58–1.91

P = 0.003
RR = 3.09
95% CI: 

1.46–6.55

P = 0.004
RR = 3.05
95% CI: 

1.44–6.45

Days 11–35

>2× ULN ≤2× ULN

3.4%

6.4%

1.4% 1.3%

>2× ULN ≤2× ULN

1.5%
0.5%

1.4%
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RR and 95% CI 

0.1 1 10 
Favors

rivaroxaban

 

Favors
enoxaparin/

placebo

 

    Rivaroxaban   Enoxaparin/
placebo 

Outcome 
Baseline D-dimer 
concentration 

 

n/N

 

(%)

 

n/N 

 

(%) 

VTE (Day 10)
 

>2× ULN 49/1312 (3.7) 57/1350 (4.2)

≤2× ULN 20/1517 (1.3) 15/1520 (1.0)

VTE (Day 35)

>2× ULN 84/1285 (6.5) 125/1348 (9.3)

≤2× ULN 36/1558 (2.3) 35/1573 (2.2)

VTE (Day 11–35)

>2× ULN 43/1259 (3.4) 84/1321 (6.4)

≤2× ULN 22/1553 (1.4) 21/1563 (1.3)

Major and NMCR bleeding 
(Day 10) 
>2× ULN 61/1781 (3.4) 31/1834 (1.7)

≤2× ULN 41/2003 (2.0) 17/1963 (0.9)

Major and NMCR bleeding 
(Day 35) 
>2× ULN 86/1781 (4.8) 40/1834 (2.2)

≤2× ULN 68/2003 (3.4) 25/1963 (1.3)

Major and NMCR bleeding 
(Day 11–35) 
>2× ULN 27/1781 (1.5) 9/1834 (0.5)

≤2× ULN 28/2003 (1.4) 9/1963 (0.5)

 


