A retrospective study on efficacy and safety of rivaroxaban and dalteparin for long-term treatment of venous thromboembolism in patients with lung cancer
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Abstract

Background
Standard therapy for cancer-associated venous thromboembolism (VTE) is low-molecular-weight heparin. The use of direct oral anticoagulants (DOACs) for cancer-associated VTE has increased; however, their efficacy and safety in lung cancer patients remain unclear. 
Objectives
We examined the efficacy and safety of rivaroxaban compared with dalteparin for cancer-associated VTE in patients with primary lung cancer.
Methods
A single-center retrospective study of 204 patients with primary lung cancer who were prescribed rivaroxaban (N=131) or dalteparin (N=73) for VTE was performed. The primary endpoint was a composite event including recurrence and major or clinically relevant non-major bleeding. Secondary endpoints included the incidence of recurrence, major and clinically relevant non-major bleeding, all-cause mortality, and bleeding or pulmonary embolism-related mortality.
Results
The composite event occurred in 38 (29.0%) and 12 (16.4%) patients in the rivaroxaban and dalteparin (P=0.045) groups, respectively. The multivariate Cox proportional hazards model for age, ECOG PS, and bleeding risk factors revealed the rivaroxaban group showed a 1.176-fold composite event risk without statistical significance (0.595–2.324, P=0.641). There was no statistically significant inter-group difference for the incidence of VTE recurrence (5.3% in the rivaroxaban group vs. 2.7% in the dalteparin group, P=0.495) and major or clinically relevant non-major bleeding (23.7% in the rivaroxaban group vs. 13.7% in the dalteparin group, P=0.089). There was no significant difference in the all-cause mortality rate (HR 0.864, 0.624–1.196, P=0.337).
Conclusions
There was no difference in the safety and efficacy profile of rivaroxaban compared with dalteparin. Therefore, rivaroxaban may be a valuable treatment option for lung cancer-associated VTE.
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Introduction

Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis (DVT), is a well-recognized complication of malignancy. Cancer-associated VTE accounts for 20% of all cases of incidental VTE, and the incidence of PE in cancer patients is 1 in 200, which is 100 times that observed in the general population [1-5]. Among various cancer types, lung cancer has the highest incidence of VTE [6]. Since  patients with lung cancer have compromised lung function and more severe symptoms, adequate treatment of VTE is a priority for clinicians also treating lung cancer.
[bookmark: _Hlk530145232]Currently, the standard therapy for cancer-associated VTE is low-molecular-weight heparin [7-9]. Raskob et al. reported the non-inferiority of edoxaban compared with dalteparin in terms of the composite event of recurrent VTE and major bleeding [10]. Young et al. reported an association between lower recurrence rates and higher clinically relevant non-major bleeding rates and the use of rivaroxaban as opposed to dalteparin in cancer associated VTE [11]. Although these results indicate the potential of direct oral anticoagulants (DOACs) for cancer-associated VTE, various cancer types and a relatively small number of lung cancer patients were included in that study. Therefore, additional studies of the efficacy and safety of DOACs in lung cancer are needed.
Rivaroxaban, one of the DOACs, is a direct factor Xa inhibitor [12, 13]. Similar to dalteparin, a standard therapeutic drug for cancer-associated VTE, rivaroxaban can also inhibit factor Xa; thus, rivaroxaban is an attractive treatment option for cancer-associated VTE. Although several studies support the use of rivaroxaban for cancer-associated VTE, there is no definitive study of the safety and efficacy of rivaroxaban in lung cancer patients [14, 15].
DOACs including rivaroxaban are known to increase gastrointestinal bleeding and decrease intracranial bleeding compared to warfarin [16]. Although the specific mechanisms remain unclear, it is possible that DOACs might differentially affect these organs compared with other anticoagulants [16, 17]. Because mucosal injury from visceral malignancies is an important bleeding risk factor in cancer patients, the safety and efficacy of DOACs for various cancer types should be assessed [18].
In this study, we compared the incidence of recurrence and major or clinically relevant non-major bleeding, a so-called composite event, in patients with primary lung cancer who received either rivaroxaban or dalteparin for long-term treatment of cancer-associated VTE.

Materials and Methods

Study design and patients

We performed a single-center retrospective study at Asan Medical Center in South Korea. Eligible patients were selected based on rivaroxaban and dalteparin prescribing information in the electronic medical record system. The study inclusion criteria were (1) diagnosis of primary lung cancer, (2) diagnosis of PE and/or DVT, and (3) treatment of the VTE with rivaroxaban or dalteparin between 1 January 2012 and 31 December 2016. Exclusion criteria were (1) rivaroxaban or dalteparin use for 7 days or less, (2) use of other anticoagulants before rivaroxaban or dalteparin for more than 7 days, (3) follow-up loss after the 1st visit, and (4) inadequate dosing.
PE was diagnosed via computed tomography (CT) or ventilation-perfusion scanning performed by a certificated radiologist. DVT was diagnosed via lower extremity Doppler ultrasonography or CT venography. Follow-up examinations were performed in cases of suspected recurrence or for patients requiring periodic evaluation of cancer staging.
[bookmark: _Hlk530145401] Asan Medical Center’s Institutional Review Board (IRB no. 2017-0652) approved the study. Informed consent was not mandatory because of the retrospective nature of the study. All patient data were anonymized.

Rivaroxaban and dalteparin administration

Since there was no standardized protocol for selecting the anticoagulants (rivaroxaban or dalteparin) during the study period, treatment choice was made based on the judgment of the responsible clinicians. Rivaroxaban was administered orally at 15 mg twice daily for 21 days followed by 20 mg once daily. Dalteparin was administered subcutaneously at 200 IU/kg once daily for one month followed by 150 IU/kg once daily.

Measurements

We retrieved all patient data from electronic medical records at Asan Medical Center.
The primary outcome in this study was a composite of recurrent VTE and major bleeding or clinically relevant non-major bleeding. VTE recurrence was defined as CT or ultrasonographic evidence of an increase in thrombosis or embolism at a new site during anticoagulant therapy [10]. We defined major and clinically relevant non-major bleeding as in the SELECT-D trial [11]. Major bleeding included any bleeding event occurring during the treatment period with rivaroxaban or dalteparin that (1) was related to death, (2) took place at a fatal site (intracranial, intraocular, retroperitoneal, intraspinal, or pericardial), or (3) required a transfusion of at least 2 units of packed red blood cells or led to a hemoglobin decrease of at least 2.0 g/dL [19]. Clinically relevant non-major bleeding was defined as any overt bleeding occurring during the treatment period with rivaroxaban or dalteparin that did not fulfill the criteria for major bleeding but resulted in medical attention, unappointed visits, a discontinuance of anticoagulants, or a decrease in daily activities [20]. We assessed bleeding events during the treatment period.
Secondary outcomes were the recurrence or symptomatic recurrence of PE or DVT, any bleeding event, clinically relevant non-major bleeding or major bleeding, all-cause mortality, and PE-related or bleeding-related mortality. We assessed the survival status of patients until 28 February 2018. 
We also analyzed clinical and demographic characteristics including age, sex, Eastern Cooperative Oncology Group performance score (ECOG PS), smoking history, underlying kidney or liver disease, platelet count on 1st day of treatment, histological diagnosis of lung cancer, metastatic status, co-existing cancer, history of chemotherapy or radiotherapy, occurrence of PE, history of VTE, recent operation in the past 2 weeks, therapeutic duration, and bleeding risk factors. The risk factors for bleeding included surgery in the 2-weeks before anticoagulant therapy, concurrent use of antiplatelet agents, a primary or metastatic brain tumor, regionally advanced or metastatic cancer, co-existing gastrointestinal or urothelial cancer, and bevacizumab use within a 6-week period [10].

Statistical analysis

We compared all baseline characteristics and outcomes between both groups. Categorical variables are expressed as a number with the proportion of subjects. Differences between both groups were analyzed using the chi-square test or Fisher’s exact test. Continuous variables are presented as the means with standard deviations. Differences in continuous variables were analyzed using an independent two-sample t-test. The time to composite event or all-cause mortality was analyzed using the Cox proportional hazard model. Time-to-event curves were calculated by Kaplan-Meier curves.
We performed a multivariate analysis to observe the effects of the anticoagulants on composite events and all-cause mortality. Covariates included in the multivariate analysis were age, ECOG PS, and bleeding risk factors, which were statistically different between the two study groups (P<0.1).
Statistical significance was set at P<0.05. We used SPSS version 21 (IBM Corporation, Armonk, NY, USA) analytical software for statistical analysis.

Results

Baseline characteristics

Between 1 January 2012 and 31 December 2016, 259 primary lung cancer patients were diagnosed with PE and/or DVT. Of these, 53 patients were unsuitable for the study and excluded. 42 of those 53 patients were prescribed other anticoagulants before the study for more than 7 days. 10 patients took rivaroxaban or dalteparin for 7 days or less, and 2 patients were transferred to other hospitals after their 1st outpatient visit. Furthermore, 1 patient was prescribed a subtherapeutic dose for treatment of VTE because of concern for bleeding. A total of 204 patients were included in the present study, which included the rivaroxaban group (N=131) and the dalteparin group (N=73, Figure 1).
Table 1 presents the baseline characteristics of both groups. Except for metastatic status and therapeutic duration, most baseline characteristics did not show a statistically significant difference between the two groups. In both groups, the most common cancer type was adenocarcinoma (82.2% in the dalteparin group and 64.9% in the rivaroxaban group), followed by squamous cell carcinoma and small cell carcinoma. Patients in the rivaroxaban group had favorable cancer staging and longer therapeutic duration compared with those in the dalteparin group. 18 patients (24.7%) in the dalteparin group and 50 patients (38.2%) in the rivaroxaban group were incidentally diagnosed with VTE.
The composite event (primary endpoint) occurred in 38 patients (29.0%) in the rivaroxaban group and 12 patients (16.4%) in the dalteparin group. There was a statistically significant difference noted between the two groups (P=0.045, Table 2). Figure 2 shows the time to occurrence of the composite event. A Cox proportional hazards model for multivariate analysis was used to assess the incidence and timing of the composite event during the observational period. The hazard ratio (HR) for the composite event was 1.176-fold (95% confidence interval (CI) 0.595–2.324, P=0.641) higher in the rivaroxaban group without a significant difference (Table 3). Age, ECOG PS, and bleeding risk factors, which were adjusted for multivariate analysis, were not associated with the occurrence of the composite event (Table 3, Figure 2). Our study included 56 patients with metastatic brain lesions: 25 patients in the dalteparin group; 32 patients in the rivaroxaban group. A bleeding event occurred in 4 patients in the dalteparin group and 8 patients in the rivaroxaban group. There was no intracranial bleeding in either group.
[bookmark: _Hlk530145681]In the rivaroxaban group, 7 patients (5.3%) had a recurrence of VTE; 5 patients with PE, 1 patient with DVT, and 1 patient with PE and DVT. 4 (3.1%) of them exhibited symptoms. In the dalteparin group, 2 patients (2.7%) had a recurrence of PE, and all of them exhibited symptoms. There was no significant difference in the recurrence rate between both groups (recurrence: P=0.495; symptomatic recurrence: P>0.999). Bleeding events occurred in 31 patients (23.7%) in the rivaroxaban group and 10 patients (13.7%) in the dalteparin group (P=0.089). Major bleeding events occurred in 8 patients (6.1%) in the rivaroxaban group and 2 patients (2.7%) in the dalteparin group. There was no significant difference between the two groups (P=0.500, Table 2). Table 4 shows the bleeding sites of both groups. The respiratory tract was the most common site of bleeding in both groups
By 28 February 2018, 170 patients had died. In the rivaroxaban group, 106 patients (80.9%) died; of those, 3 deaths were related to PE and 3 deaths were related to bleeding. In the dalteparin group, 64 patients (87.7%) died; of those, 2 deaths were associated with PE. There was no significant difference between the two groups in all-cause (P=0.215), PE-related (P>0.999), or bleeding-related (P=0.554) mortality (Table 2). The Cox proportional hazards model was used to assess the incidence and timing of all-cause mortality until 28 February 2018. The HR for all-cause mortality was not significantly different in multivariate analysis (HR 0.864, 95% CI 0.624–1.196, P=0.337, Table 5). Older age, higher ECOG PS, and bleeding risk factors were associated with a higher HR (Table 5).

Discussion

To our knowledge, no previous study has investigated the efficacy and safety of rivaroxaban in primary lung cancer patients. The present study is the first to compare recurrence and bleeding incidence in primary lung cancer patients treated with rivaroxaban or dalteparin for VTE.
In our study, both groups had similar clinical and demographic characteristics except for therapeutic duration and metastatic status. These differences may result from the tendency of practitioners to prescribe more dalteparin, a standard therapy for cancer-associated VTE, to patients with an unfavorable cancer stage. Rivaroxaban was prescribed for longer periods of time; however, dalteparin was used for a relatively short period because it had to be subcutaneously injected by patients. The recurrence and bleeding events between both groups in univariate analysis were significantly different. After adjusting for age, ECOG PS, and bleeding risk factors, the rivaroxaban group showed an increased HR for the composite event; however, there was no statistical significance in the Cox proportional hazard model. These findings might result from the fact that rivaroxaban was used for longer periods of time  and in patients who had less bleeding risk factors. This increase suggests clinicians used rivaroxaban with caution and large-scale studies are required.
The Hokusai VTE Cancer trial revealed the non-inferiority of edoxaban for the treatment of cancer-associated VTE [10]. However, it did not indicate that these findings could be applied to other DOACs. Cohen et al. reported the higher HR of rivaroxaban compared with apixaban, dabigatran, and edoxaban in cases of clinically relevant non-major bleeding [21]. These studies suggest that the bleeding risk of rivaroxaban is higher than that of other DOACs in the treatment of cancer-associated VTE [10, 22, 23]. In the SELECT-D trial, rivaroxaban showed an increased incidence of clinically relevant non-major bleeding than dalteparin in cancer-associated VTE [11]. Several studies have reported that serum anti-Xa activity is associated with the anticoagulant effect of DOACs, and the peak serum anti-Xa activity of rivaroxaban is higher than that of other DOACs [24-27]. Therefore, rivaroxaban is not recommended for patients with a high bleeding risk [28, 29].
In the present study, the most frequent bleeding site was the respiratory tract in both groups. This result is consistent with the higher bleeding risk of mucosal lesions with visceral malignancy [18]. In general, rivaroxaban is thought to increase gastrointestinal bleeding [16, 17, 30-32]. In primary lung cancer patients, most mucosal lesions are located in the respiratory tract. Therefore, the effect of DOACs on bleeding risk may be relatively low.
There were no significant inter-group differences for secondary endpoints including symptomatic recurrence and major or clinically relevant non-major bleeding incidence, except for all-cause mortality. However, after adjusting for age, ECOG PS, and bleeding risk factors, there was no significant difference in all-cause mortality between both groups. In our study, older age, poor performance status, and bleeding risk factors, which included metastasis and brain lesions, were associated with a higher HR for all-cause mortality. 
There are several concerns about using  DOACs in cancer patients, including drug interactions that alter the serum DOAC level , changes in DOAC  bioavailability due to gastrointestinal tract problems, and increased bleeding incidence (especially gastrointestinal tract bleeding) [16, 17, 30-33]. To our knowledge, no study has clearly described the changes in the pharmacokinetics of DOACs in cancer patients. Although the results of the present study suggest that rivaroxaban might be used with chemotherapy to treat lung cancer, further studies are needed to elucidate the interactions between DOACs and chemotherapy agents [17].
The present study has several limitations. First, the retrospective study design with a small number of patients may have resulted in selection bias. Second, there were significant differences in some of the baseline characteristics between both groups. Although most of the clinical and demographic characteristics were similar in both groups, there were significant differences in metastatic status and therapeutic duration; a time-dependent multivariate analysis was performed to address this. Finally, this study only included a relatively small number of patients. A large randomized controlled study would be required to confirm the effect and safety of rivaroxaban in the treatment of VTE in patients with primary lung cancer.

Conclusions
[bookmark: _Hlk530145806]The present study demonstrated the safety and efficacy of rivaroxaban in the management of PE and DVT in patients with primary lung cancer. Because of its ease of administration, rivaroxaban may be considered an attractive alternative treatment option for cancer-associated VTE. Further randomized controlled studies are required to confirm precisely the results of this study.
 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Acknowledgments
Financial/nonfinancial disclosures: There are no financial conflicts of interest to disclose.

References

1	Lee AY: Management of thrombosis in cancer: Primary prevention and secondary prophylaxis. Br J Haematol 2005;128:291-302.
2	Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P, Folsom AR: Deep vein thrombosis and pulmonary embolism in two cohorts: The longitudinal investigation of thromboembolism etiology. Am J Med 2004;117:19-25.
3	Stein PD, Beemath A, Meyers FA, Kayali F, Skaf E, Olson RE: Pulmonary embolism as a cause of death in patients who died with cancer. Am J Med 2006;119:163-165.
4	Lee AY, Levine MN: Venous thromboembolism and cancer: Risks and outcomes. Circulation 2003;107:I17-21.
5	Choi SH, Cha SI, Shin KM, Lim JK, Yoo SS, Lee SY, Lee J, Kim CH, Park JY, Lee DH: Clinical relevance of pleural effusion in patients with pulmonary embolism. Respiration; international review of thoracic diseases 2017;93:271-278.
6	Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galie N, Gibbs JS, Huisman MV, Humbert M, Kucher N, Lang I, Lankeit M, Lekakis J, Maack C, Mayer E, Meneveau N, Perrier A, Pruszczyk P, Rasmussen LH, Schindler TH, Svitil P, Vonk Noordegraaf A, Zamorano JL, Zompatori M, Task Force for the Diagnosis and Management of Acute Pulmonary Embolism of the European Society of Cardiology: 2014 esc guidelines on the diagnosis and management of acute pulmonary embolism. Eur Heart J 2014;35:3033-3069, 3069a-3069k.
7	Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, Huisman M, King CS, Morris TA, Sood N, Stevens SM, Vintch JRE, Wells P, Woller SC, Moores L: Antithrombotic therapy for vte disease: Chest guideline and expert panel report. Chest 2016;149:315-352.
8	Streiff MB, Holmstrom B, Ashrani A, Bockenstedt PL, Chesney C, Eby C, Fanikos J, Fenninger RB, Fogerty AE, Gao S, Goldhaber SZ, Hendrie P, Kuderer N, Lee A, Lee JT, Lovrincevic M, Millenson MM, Neff AT, Ortel TL, Paschal R, Shattil S, Siddiqi T, Smock KJ, Soff G, Wang TF, Yee GC, Zakarija A, McMillian N, Engh AM: Cancer-associated venous thromboembolic disease, version 1.2015. Journal of the National Comprehensive Cancer Network : JNCCN 2015;13:1079-1095.
9	Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY, Arcelus JI, Balaban EP, Clarke JM, Flowers CR, Francis CW, Gates LE, Kakkar AK, Key NS, Levine MN, Liebman HA, Tempero MA, Wong SL, Somerfield MR, Falanga A: Venous thromboembolism prophylaxis and treatment in patients with cancer: American society of clinical oncology clinical practice guideline update 2014. Journal of clinical oncology : official journal of the American Society of Clinical Oncology 2015;33:654-656.
10	Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D, Grosso MA, Kakkar AK, Kovacs MJ, Mercuri MF, Meyer G, Segers A, Shi M, Wang TF, Yeo E, Zhang G, Zwicker JI, Weitz JI, Buller HR, Hokusai VCI: Edoxaban for the treatment of cancer-associated venous thromboembolism. N Engl J Med 2018;378:615-624.
11	Young AM, Marshall A, Thirlwall J, Chapman O, Lokare A, Hill C, Hale D, Dunn JA, Lyman GH, Hutchinson C, MacCallum P, Kakkar A, Hobbs FDR, Petrou S, Dale J, Poole CJ, Maraveyas A, Levine M: Comparison of an oral factor xa inhibitor with low molecular weight heparin in patients with cancer with venous thromboembolism: Results of a randomized trial (select-d). Journal of clinical oncology : official journal of the American Society of Clinical Oncology 2018;36:2017-2023.
12	Samama MM: The mechanism of action of rivaroxaban--an oral, direct factor xa inhibitor--compared with other anticoagulants. Thromb Res 2011;127:497-504.
13	Becattini C, Agnelli G: Treatment of venous thromboembolism with new anticoagulant agents. J Am Coll Cardiol 2016;67:1941-1955.
14	Pignataro BS, Nishinari K, Cavalcante RN, Centofanti G, Yazbek G, Krutman M, Bomfim GAZ, Fonseca IYI, Teivelis MP, Wolosker N, Sanches SM, Ramacciotti E: Oral rivaroxaban for the treatment of symptomatic venous thromboembolism in 400 patients with active cancer: A single-center experience. Clin Appl Thromb Hemost 2017;23:883-887.
15	Xavier FD, Hoff PMG, Braghiroli MI, Paterlini A, Souza KT, Faria L, Ferreira FSB, Machado KK, Fernandes GDS: Rivaroxaban: An affordable and effective alternative in cancer-related thrombosis? Journal of global oncology 2017;3:15-22.
16	Chan NC, Eikelboom JW, Weitz JI: Evolving treatments for arterial and venous thrombosis: Role of the direct oral anticoagulants. Circ Res 2016;118:1409-1424.
17	Khorana AA, Noble S, Lee AYY, Soff G, Meyer G, O'Connell C, Carrier M: Role of direct oral anticoagulants in the treatment of cancer-associated venous thromboembolism: Guidance from the ssc of the isth. J Thromb Haemost 2018;16:1891-1894.
18	Short NJ, Connors JM: New oral anticoagulants and the cancer patient. Oncologist 2014;19:82-93.
19	Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS, Lensing AW, Misselwitz F, Prins MH, Raskob GE, Segers A, Verhamme P, Wells P, Agnelli G, Bounameaux H, Cohen A, Davidson BL, Piovella F, Schellong S: Oral rivaroxaban for symptomatic venous thromboembolism. N Engl J Med 2010;363:2499-2510.
20	Buller HR, Prins MH, Lensin AW, Decousus H, Jacobson BF, Minar E, Chlumsky J, Verhamme P, Wells P, Agnelli G, Cohen A, Berkowitz SD, Bounameaux H, Davidson BL, Misselwitz F, Gallus AS, Raskob GE, Schellong S, Segers A: Oral rivaroxaban for the treatment of symptomatic pulmonary embolism. N Engl J Med 2012;366:1287-1297.
21	Cohen AT, Hamilton M, Mitchell SA, Phatak H, Liu X, Bird A, Tushabe D, Batson S: Comparison of the novel oral anticoagulants apixaban, dabigatran, edoxaban, and rivaroxaban in the initial and long-term treatment and prevention of venous thromboembolism: Systematic review and network meta-analysis. PLoS One 2015;10:e0144856.
22	Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, Masiukiewicz U, Pak R, Thompson J, Raskob GE, Weitz JI, Amplify Investigators: Oral apixaban for the treatment of acute venous thromboembolism. N Engl J Med 2013;369:799-808.
23	Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, Porcari A, Raskob GE, Weitz JI, Amplify-Ext Investigators: Apixaban for extended treatment of venous thromboembolism. N Engl J Med 2013;368:699-708.
24	Samuelson BT, Cuker A: Measurement and reversal of the direct oral anticoagulants. Blood Rev 2017;31:77-84.
25	Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia DA: Laboratory assessment of the anticoagulant activity of direct oral anticoagulants: A systematic review. Chest 2017;151:127-138.
26	Frost C, Song Y, Barrett YC, Wang J, Pursley J, Boyd RA, LaCreta F: A randomized direct comparison of the pharmacokinetics and pharmacodynamics of apixaban and rivaroxaban. Clin Pharmacol 2014;6:179-187.
27	Ikeda K, Tachibana H: Clinical implication of monitoring rivaroxaban and apixaban by using anti-factor xa assay in patients with non-valvular atrial fibrillation. J Arrhythm 2016;32:42-50.
28	Lip GYH, Lane DA: Matching the noac to the patient: Remember the modifiable bleeding risk factors. J Am Coll Cardiol 2015;66:2282-2284.
29	Skjoth F, Larsen TB, Rasmussen LH, Lip GY: Efficacy and safety of edoxaban in comparison with dabigatran, rivaroxaban and apixaban for stroke prevention in atrial fibrillation. An indirect comparison analysis. Thrombosis and haemostasis 2014;111:981-988.
30	Chai-Adisaksopha C, Crowther M, Isayama T, Lim W: The impact of bleeding complications in patients receiving target-specific oral anticoagulants: A systematic review and meta-analysis. Blood 2014;124:2450-2458.
31	Chan NC, Paikin JS, Hirsh J, Lauw MN, Eikelboom JW, Ginsberg JS: New oral anticoagulants for stroke prevention in atrial fibrillation: Impact of study design, double counting and unexpected findings on interpretation of study results and conclusions. Thrombosis and haemostasis 2014;111:798-807.
32	Vanassche T, Hirsh J, Eikelboom JW, Ginsberg JS: Organ-specific bleeding patterns of anticoagulant therapy: Lessons from clinical trials. Thrombosis and haemostasis 2014;112:918-923.
33	Lee AY, Peterson EA: Treatment of cancer-associated thrombosis. Blood 2013;122:2310-2317.


Table 1.Baseline characteristics of the study cohort
	
	Dalteparin ( N=73 )
	Rivaroxaban ( N=131 )
	P value

	Sex (Female)
	30 (41.1%)
	52 (39.7%)
	0.882

	Age
	64.25±8.66
	66.79±11.32
	0.074

	ECOG PS
0
1
2
3
4
	
4 (5.5%)
25 (34.2%)
20 (27.4%)
17 (23.3%)
7 (9.6%)
	
12 (9.2%)
64 (48.9%)
29 (22.1%)
22 (16.8%)
4 (3.1%)
	0.078

	Smoking
Current
Ex-smoker
	
13 (17.8%)
23 (31.5%)
	
19 (14.5%)
45 (34.4%)
	0.802

	GFR <50 ml/min/1.73m2*
	2 (2.7%)
	4 (3.1%)
	>0.999

	Liver cirrhosis*
	1 (1.4%)
	1 (0.8%)
	>0.999

	Platelet count<100,000/µl*
	6 (8.2%)
	6 (4.6%)
	0.355

	Cancer type
Adenocarcinoma
Squamous cell carcinoma
Small cell carcinoma
Large cell carcinoma
Others
	
60 (82.2%)
6 (8.2%)
4 (5.5%)
1 (1.4%)
2 (2.7%)
	
85 (64.9%)
21 (16.0%)
18 (13.7%)
1 (0.8%)
6 (4.6%)
	0.104

	Metastasis
	68 (93.2%)
	103 (78.6%)
	0.009

	Coexisting cancer*
Metastatic brain lesion
	2 (2.7%)
25(34.2%)
	6 (4.6%)
33(25.2%)
	0.714
0.104

	History of chemotherapy
	60 (82.2%)
	98 (74.8%)
	0.294

	Chemotherapy in 4 weeks
	52 (71.2%)
	88 (67.2%)
	0.637

	History of radiotherapy
	33 (45.2%)
	51 (38.9%)
	0.458

	Radiotherapy in 4 weeks
	11 (15.1%)
	22 (16.8%)
	0.844

	Pulmonary embolism
	64 (87.7%)
	103 (78.6%)
	0.131

	History of VTE*
	2 (2.7%)
	2 (1.5%)
	0.618

	Recent operation*
	2 (2.7%)
	3 (2.3%)
	>0.999

	Therapeutic duration
	53.44±56.52
	109.35±92.29
	<0.001

	Risk factors for bleeding
0
1
2
3
	
1 (1.4%)
39 (53.4%)
32 (43.8%)
1 (1.4%)
	
13 (9.9%)
73 (55.7%)
41 (31.3%)
4 (3.1%)
	0.054






Difference between both groups was analyzed by the chi-square test, Fisher’s exact test or independent two-sample t-test. * indicated variables analyzed by Fisher’s exact test.

ECOG PS: Eastern Cooperative Oncology Group performance score; GFR: glomerular filtration rate; VTE: venous thromboembolism


Table 2.Primary and secondary endpoints in both groups
	
	Dalteparin
(N=73)
	Rivaroxaban
(N= 131)
	P value

	Composite event
	12 (16.4%)
	38 (29.0%)
	0.045

	Recurrence*
	2(2.7%)
	7(5.3%)
	0.495

	Symptomatic recurrence*
	2 (2.7%)
	4 (3.1%)
	>0.999

	Bleeding
	10 (13.7%)
	31 (23.7%)
	0.089

	Major bleeding*
CRNM bleeding
	2 (2.7%)
8 (11.0%)
	8 (6.1%)
23 (17.6%)
	0.500
0.208

	All-cause mortality
PE-related mortality*
Bleeding-related mortality*
	64 (87.7%)
2 (2.7%)
0 (0.0%)
	106 (80.9%)
3 (2.3%)
3 (2.3%)
	0.215
>0.999
0.554


Difference between both groups was analyzed by the chi-square test or Fisher’s exact test. * indicated variables analyzed by Fisher’s exact test.
CRNM: clinically relevant non-major; PE: pulmonary embolism



Table 3.Hazard ratio for the composite event in the Cox proportional hazards model
	Covariate
	Univariate analysis
	Multivariate analysis

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Anticoagulants
Dalteparin
Rivaroxaban
	
1
1.038 (0.532~2.025)
	

0.913
	
1
1.176 (0.595~2.324)
	

0.641

	Age
	0.992 (0.967~1.018)
	0.529
	0.986 (0.960~1.013)
	0.311

	ECOG PS
0
1
2
3
4
	
1
1.280 (0.377~4.346)
2.862 (0.824~9.940)
2.633 (0.732~9.477)
1.666 (0.276~10.060)
	

0.693
0.098
0.138
0.578
	
1
1.247 (0.366~4.246)
3.022 (0.857~10.654)
2.533 (0.695~9.235)
2.040 (0.315~13.230)
	

0.725
0.085
0.159
0.455

	Bleeding risk factor
0
1
2
3
	
1
3.017 (0.721~12.616)
2.153 (0.483~9.588)
2.490 (0.224~27.627)
	

0.130
0.314
0.458
	
1
2.646 (0.625~11.206)
1.700 (0.372~7.778)
2.277 (0.199~26.091)
	

0.186
0.494
0.508



ECOG PS: Eastern Cooperative Oncology Group performance score; HR: hazard ratio; CI: confidence interval



Table 4.Bleeding site in both groups
	Site
	Total (N=41)
	Dalteparin (N=10)
	Rivaroxaban (N=31)

	GI tract bleeding
Respiratory tract bleeding
Urinary tract bleeding
Pleural cavity bleeding
Skin bleeding
Intracranial bleeding
Genital tract bleeding
	7 (17.1%)
24 (58.5%)
3 (7.3%)
1 (2.4%)
3 (7.3%)
1 (2.4%)
2 (4.9%)
	2 (20.0%)
6 (60.0%)
0 (0.0%)
0 (0.0%)
1 (10.0%)
0 (0.0%)
1 (10.0%)
	5 (16.1%)
18 (58.1%)
3 (9.7%)
1 (3.2%)
2 (6.5%)
1 (3.2%)
1 (3.2%)



GI: gastrointestinal



Table 5.Hazard ratio for the all-cause mortality in the Cox regression hazards model
	Covariate
	Univariate analysis
	Multivariate analysis

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Anticoagulants
Dalteparin
Rivaroxaban
	
1
0.668 (0.490~0.913)
	

0.011
	
1
0.864 (0.624~1.196)
	

0.337

	Age
	0.990 (0.976~1.003)
	0.124
	0.982 (0.968~0.996)
	0.012

	ECOG PS
0
1
2
3
4
	
1
2.215 (1.016~4.833)
6.218 (2.784~13.886)
6.097 (2.690~13.818)
8.810 (3.359~23.104)
	

0.046
<0.001
<0.001
<0.001
	
1
1.974 (0.903~4.316)
5.388 (2.410~12.044)
5.135 (2.246~11.741)
7.946 (2.954~21.372)
	

0.089
<0.001
<0.001
<0.001

	Bleeding risk factor
0
1
2
3
	
1
5.189 (1.905~14.134)
6.547 (2.379~18.017)
6.271 (1.565~25.134)
	

0.001
<0.001
0.010
	
1
3.805 (1.385~10.458)
4.001 (1.430~11.195)
5.501 (1.359~22.269)
	

0.010
0.008
0.017



ECOG PS: Eastern Cooperative Oncology Group performance score; HR: hazard ratio; CI: confidence interval




Figure 1.Patient flow diagram
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Figure 2.Kaplan-Meier cumulative event rates for the primary outcome
[image: ]
Figure 2 presents occurrence of composite events during therapeutic period with study drugs. X-axis presents the day from the start day of study drugs to composite event day or end of study drugs. Y-axis presents the proportion of patients with composite events. We calculated P-value by Log-rank tests.
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