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to describe real-world anticoagulation prescribing pat-
terns in cancer patients at a large academic medical center 
between January 1, 2013 and October 31, 2016. We sought 
to assess the safety, tolerability, and efficacy of DOACs 
in patients with cancer for either VTE and/or AF. Patient 
demographic, clinical characteristics, as well as bleeding and 
thrombotic events were collected. There were 214 patients in 
our analysis, of which 71 patients (33%) received a DOAC 
[apixaban (n = 22), dabigatran (n = 17), and rivaroxaban 
(n = 32)]. There were fewer bleeding events and/or discon-
tinuations in the DOAC group compared to enoxaparin (13 
vs. 27, p = 0.022). There was no difference in major or minor 
bleeds or thromboembolic events in comparing DOAC to 
enoxaparin or DOAC to warfarin. This was a retrospective, 
single-institution study assessing the safety and efficacy of 
DOACs compared to warfarin or enoxaparin in patients with 
cancer. DOACs may represent an alternative to warfarin or 
enoxaparin in patients with cancer for VTE and/or stroke 
reduction in AF.

Keywords Cancer · Anticoagulation · Direct oral 
anticoagulants · Venous thromboembolism · Atrial 
fibrillation · Low molecular weight heparin

Introduction

Cancer is a well-established hypercoagulable state that 
is associated with a 4–7 fold increased risk of venous 
thromboembolism (VTE) [1, 2]. It has been estimated 
that 18% of the total number of VTE cases are attributed 
to cancer with an annual VTE incidence of 1–2 for every 
1000 people [1]. This high rate of cancer-associated VTE 
has been associated with a direct 5-year health cost per 
patient of $49,351 for cancer patients with VTE compared 
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to $26,529 for cancer patients without VTE [3]. Therefore, 
optimal therapeutic anticoagulation is necessary to prevent 
further thromboembolic events and reduce cost associated 
with VTE in cancer patients.

The current standard of care for treatment of VTE in 
patients with cancer is low-molecular-weight heparin 
(LMWH) over warfarin, a vitamin K antagonist (VKA) 
[4–7]. Enoxaparin, a LMWH, has predictable pharmacoki-
netics, fixed weight-based dosing and minimal laboratory 
monitoring compared to warfarin. However, challenges with 
enoxaparin therapy include cost and subcutaneous (subQ) 
administration. Thus, there remains a large interest in uti-
lizing the direct oral anticoagulants (DOACs) in patients 
with cancer due to the fixed oral dosing schedule, predict-
able pharmacokinetics, and minimal drug interactions. Data 
regarding the safety and efficacy of apixaban, a factor Xa 
inhibitor, and dabigatran, a direct thrombin inhibitor, in 
cancer, is extrapolated from larger data registries resulting 
in small heterogeneous sample size. The AMPLIFY trial, 
comparing apixaban to VKA in patients with VTE, only 
had 2.7% of patients with cancer while the RECOVER and 
RECOVER-II trials, studying dabigatran against initial 
parental anticoagulation followed by VKA, only had 7% of 
patients with active cancer [8–11].

There has been recent emerging data specifically utilizing 
rivaroxaban, a factor Xa inhibitor, for VTE in patients with 
cancer. Rivaroxaban was initially shown to be non-inferior 
to conventional therapy in the EINSTEIN-DVT and PE tri-
als for acute VTE [12, 13]. A subgroup analysis of patients 
with active cancer enrolled in EINSTEIN-DVT and PE trials 
demonstrated that rivaroxaban was as efficacious to conven-
tional therapy and reduced the number of bleed events [14]. 
Subsequently, three single center retrospective cohort studies 
concluded that rivaroxaban may be a viable option for cancer 
associated VTE [15–17].

In addition, there is limited data evaluating the tolerabil-
ity and efficacy of the DOACs for stroke and/or systemic 
embolism prevention in patients with cancer and atrial fibril-
lation (AF). Although the association between AF and can-
cer is not as well defined, AF remains the most common 
cardiac arrhythmia and affects more than 33 million people 
across the world [18, 19]. The DOACs have shown compa-
rable efficacy and safety to VKA for stroke prevention in 
non-valvular AF [20–22]. However, these trials excluded 
patients at high risk for bleeding complications or with life 
expectancies of less than 1–3 years, therefore potentially 
discounting a number of patients with active cancer [23]. 
A recent Danish population based cohort study found simi-
lar rates of thromboembolic events and bleeding in patients 
with and without cancer with AF when comparing VKA 
or DOAC therapy [24]. Although an attractive option, data 
to support utilization of the DOACs preferentially for this 
particular patient population remains limited.

The DOACs may be convenient alternatives for patients 
with cancer, especially those with better prognoses and 
longer life expectancy [8]. This retrospective cohort study 
uniquely focuses on the safety, tolerability, and efficacy of 
the DOACs in VTE and /or AF in cancer patients in our 
institution.

Methods

We conducted a single-centered, institutional review board 
approved, retrospective cohort study at New York University 
Langone Health (NYULH), an 800 bed tertiary academic 
medical center. Patients admitted to NYULH, with active 
cancer between January 2013 and October 2016, were eligi-
ble for inclusion. Active cancer was defined by the diagnosis 
of cancer, other than basal-cell or squamous-cell carcinoma 
of the skin and excision of melanoma, and receiving any 
treatment within the previous year, or recurrent or meta-
static cancer. These patients were included if they were at 
least 18 years of age, and received therapeutic anticoagula-
tion with enoxaparin, warfarin or a DOAC including dabi-
gatran, apixaban, or rivaroxaban. Edoxaban use had not been 
adopted into our healthcare system during this time. Patients 
receiving prophylactic dosed anticoagulation were excluded.

Data collection was obtained through a retrospective 
medical record review of baseline demographics and past 
medical history including hypertension, cardiac abnormali-
ties, hyperlipidemia, diabetes, history of smoking status 
within the past year, renal disease, chronic obstructive pul-
monary disease, gastrointestinal bleed, coagulopathy, recent 
major surgery or trauma in past 6 months, cirrhosis, or fac-
tor V Leiden gene mutation. Other data collected included 
dosing of anticoagulation, concomitant antiplatelet therapy, 
cancer history, chemotherapy regimen, bleeding events, and 
thromboembolic events. For the patients with a past medical 
history of AF,  CHA2DS2-VASc scores were calculated. Data 
was managed utilizing Research Electronic Data Capture 
(REDCap) which is a secure informatics system designed to 
support data collection across various research disciplines 
[25].

The primary outcome was a composite of safety and tol-
erability. Safety was determined by the number of major 
and minor bleeds. Major bleeding events was defined using 
the International Society of Thrombosis and Hemostasis 
criteria: fatal bleeding, and/or symptomatic bleeding in a 
critical area or organ (including intracranial, intraspinal, 
intraocular, retroperitoneal, intra-articular, pericardial or 
intramuscular bleeding with compartment syndrome), and/
or a greater than 2 g/dl decrease in hemoglobin or bleeding 
necessitating 2 or 3 units of whole blood or packed red blood 
cells [26]. Clinically relevant minor bleeding was defined as 
overt bleeding noted by a physician that was not attributed 
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to an alternative source. Tolerability was determined by 
the number of discontinuations of anticoagulation therapy. 
Reasons for discontinuations included major or minor bleed 
event, thrombocytopenia, subQ administration, international 
normalized ratio (INR) testing, cost of therapy, acute kidney 
injury (AKI), other and unclear documented reason in the 
patient’s chart. Acute kidney injury (AKI) was defined by 
RIFLE criteria [27]. Secondary outcomes included safety, 
tolerability, and efficacy. Efficacy was determined by the 
incidence of thromboembolic events including DVT, PE, 
and/or ischemic stroke.

Statistical analysis was performed using SPSS version 
23 to compare two groups: DOAC versus enoxaparin and 
DOAC versus warfarin. Descriptive variables were reported 
as medians and percentages. Chi square test and Fisher’s 
exact test were used for categorical variables. Mann–Whit-
ney U test was used for continuous variables. A univari-
ate analysis was performed on the primary and secondary 
outcomes. A p value < 0.05 was considered statistically 
significant.

Results

We identified a total of 1470 patients based on ICD-9 and 
10 codes for cancer who also received at least one dose of 
therapeutic anticoagulation during the study period. SAS 
was utilized to select random cases. In total 335 patients 
were screened and 214 were included for analysis. The 
screening methods are summarized in Fig. 1. There were 77 
(36%) patients that received enoxaparin, 66 (31%) patients 
that received warfarin and 71 (33%) patients that received a 
DOAC. Of the patients who received a DOAC, 22 received 

apixaban, 17 received dabigatran and 32 received rivaroxa-
ban. The median age in this cohort was 69 years (IQR 59, 
79), 76% of patients were Caucasian, and 44% of patients 
were male. The most common past medical history was 
hypertension (115, 54%) followed by cardiac abnormalities 
(96, 45%). There was a statistically significant difference 
between the DOAC versus enoxaparin group in median age 
(74 vs. 61 years, p = 0.001), cardiac abnormalities (41 vs. 11, 
p = 0.001), AF (37 vs. 5, p = 0.001), coronary artery disease 
(17 vs. 6, p = 0.007), hypertension (40 vs. 30, p = 0.034), 
hyperlipidemia (39 vs. 23, p = 0.002) and stroke (10 vs. 1, 
p = 0.003). There was a statistically significant difference 
between the DOAC versus warfarin group in hyperlipidemia 
(39 vs. 23, p = 0.025). The majority of the patients in the 
cohort had solid tumor disease (187, 87%) with lung and 
breast cancer as the most common malignancies. A small 
percentage had hematologic cancers (27, 13%) as well as 
current treatment with an immunomodulator (4, 2%) or vas-
cular endothelial growth factor (VEGF) inhibitor (4, 2%). 
All other baseline characteristics were similar across treat-
ment groups. Patients were more likely to receive enoxapa-
rin for DVT or PE, 44 (57%) and 34 (44.2%) respectively 
(p = 0.001). In contrast, warfarin and DOACs were more 
likely used for stroke reduction with AF, 32 (49%) and 44 
(62%) respectively (p = 0.112). Warfarin was also used in 
valvular AF and mechanical valve in a small number of 
patients, 5 (8%) and 3 (5%) respectively. The baseline demo-
graphics and past medical histories are described in Table 1, 
oncologic history in Table 2, and anticoagulation indication 
in Table 3.

Of the 214 patients receiving anticoagulation, 60 (28%) 
patients had a bleed event and/or discontinued antico-
agulation therapy (Fig. 2). Among the patients who had 

Fig. 1  Patient cohort including 
total number of patients screen 
and number of patients excluded 
and included

335 patients screened

121 excluded
No active malignancy, n=75

Patients lost to follow up, n=28
Anticoagulation not defined by study 

definition, n=18

Included 
N=214

Warfarin
n=66 (31%)

Enoxaparin
n=77 (36%)

DOAC
n=71 (33%)

Rivaroxaban
n=32 (45%)

Apixaban
n=22 (31%)

Dabigatran
n=17 (24%)
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Table 1  Baseline demographics and past medical history

All values expressed as n, % unless otherwise specified
Coagulopathy: defined by lupus anticoagulant, protein C or S deficiency, antithrombin deficiency, antiphospholipid syndrome or other
BMI data missing for 3 patients (2 patients in the DOAC group and 1 in warfarin group)
HTN hypertension, AF atrial fibrillation, CAD coronary artery disease, HFpEF heart failure with preserved ejection fraction, HFrEF heart fail-

Total 
population 
(N = 214)

Enoxaparin (n = 77) Warfarin (n = 66) DOAC (n = 71) DOAC vs. 
enoxaparin p 
value

DOAC vs. 
warfarin p 
value

Demographics
 Median age, years (IQR) 68.5 (59,79) 61 (55,69) 74 (65,82) 74 (63,81) 0.001 0.786
 Male 94 (43.9) 29 (37.7) 34 (51.5) 31 (43.7) 0.458 0.358
 BMI
  ≥ 30 48 (22.4) 14 (18.2) 18 (27.3) 16 (22.5) 0.510 0.521
  25–29.9 81 (37.9) 32 (41.6) 28 (42.4) 21 (29.6) 0.129 0.117
  18.5–24.9 74 (34.6) 28 (36.4) 18 (27.3) 28 (39.4) 0.700 0.132
  < 18.5 8 (3.7) 3 (3.9) 1 (1.5) 4 (5.6) 0.711 0.949

 Race
  Caucasian 162 (75.7) 55 (71.4) 47 (71.2) 60 (84.5) 0.056 0.060
  African American 24 (11.2) 9 (11.7) 10 (15.2) 5 (7) 0.335 0.129
  Asian 14 (6.5) 7 (9.1) 4 (6.1) 3 (4.2) 0.331 0.711
  Unspecified 8 (3.8) 3 (3.9) 2 (3) 3 (4.2) 1.000 1.000
  Hispanic 6 (2.8) 3 (3.9) 3 (4.5) – 0.246 0.109

Past medical history
 HTN 115 (53.7) 30 (39.0) 45 (68.2) 40 (56.3) 0.034 0.153
 Cardiac Abnormalities 96 (44.9) 11 (14.3) 44 (66.7) 41 (57.7) 0.001 0.282
  AF 78 (81.3) 5 (45.5) 36 (81.8) 37 (90.2) 0.001 0.776
   Median, CHADS-VASC 4 4 3 4 N/A N/A
  CAD 43 (44.8) 6 (54.5) 20 (45.5) 17 (41.5) 0.007 0.402
  HFrEF 9 (9.4) 1 (9.1) 6 (13.6) 2 (4.9) 0.608 0.154
  HFpEF 6 (6.3) 1 (9.1) 3 (6.8) 2 (4.9) 0.608 0.672
  PVD 3 (3.1) 1 (9.1) 2 (4.5) – 1.000 0.230
  PAD 2 (2.1) 1 (9.1) 1 (2.3) – 1.000 0.482

 HLD 85 (39.7) 23 (29.9) 23 (34.8) 39 (54.9) 0.002 0.025
 On any type of antiplatelet medication 62 (29.0) 19 (24.7) 21 (31.8) 22 (31) 0.391 0.916
  Aspirin 46 (74.2) 12 (63.2) 17 (80.9) 17 (77.3) 0.201 0.806
  Clopidogrel 14 (22.6) 5 (26.3) 5 (23.8) 4 (18.2) 1.000 0.738
  NSAID 12 (19.4) 7 (36.8) 1 (4.8) 4 (18.2) 0.423 0.367

 DM 41 (19.2) 9 (11.7) 16 (24.2) 16 (22.5) 0.078 0.813
 History of DVT 40 (18.7) 10 (12.9) 17 (25.8) 13 (18.3) 0.372 0.292
 History of PE 27 (12.6) 10 (12.9) 9 (13.6) 8 (11.3) 0.749 0.674
 Presence of CVC 27 (12.6) 13 (16.9) 5 (7.6) 9 (12.7) 0.472 0.325
 Smoking in the past year 19 (8.9) 8 (10.4) 8 (12.1) 3 (4.2) 0.153 0.089
 Stroke 17 (7.9) 1 (1.3) 6 (9.1) 10 (14.1) 0.003 0.363
 Renal Disease 17 (7.9) 4 (5.2) 9 (13.6) 4 (5.6) 1.000 0.110
  Dialysis 3 (17.6) – 3 (33.3) – – –

 COPD 10 (4.7) 4 (5.2) 4 (6.1) 2 (2.8) 0.683 0.428
 Cirrhosis 8 (3.7) 4 (5.2) 3 (4.5) 1 (1.4) 0.369 0.352
 GIB 7 (3.3) 2 (2.6) 3 (4.5) 2 (2.8) 1.000 0.672
 Coagulopathy 6 (2.8) 4 (5.2) 2 (3) – 0.121 0.230
 Recent major surgery or trauma in the 

past 6 months
5 (2.3) 4 (5.2) 1 (1.5) – 0.121 0.482

 Factor V Leiden gene mutation 2 (0.9) – 2 (3) – – 0.230
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a bleed event or discontinued therapy 13 (18%) patients 
received a DOAC, 27 (35%) patients received enoxaparin, 
and 20 (30%) patients received warfarin. As a compos-
ite, there were fewer discontinuations and/or bleed events 
in the DOAC group compared to enoxaparin (13 vs. 27, 
p = 0.022), and fewer discontinuations and/or bleed events 
in the DOAC group compared to warfarin, though not 
significant (13 vs. 20, p = 0.101).

Safety

There were 25 (12%) patients that experienced a bleed 
event in this cohort (Table 4). There were 9 episodes of 
major bleeds and 16 episodes of minor bleeds. Among the 
patients who had a major bleed event, 2 (3%) received a 
DOAC, 3 (4%) received enoxaparin, and 4 (6%) received 
warfarin. There was no difference found in major bleed 

ure with reduced ejection fraction, PVD peripheral vascular disease, PAD peripheral artery disease, HLD hyperlipidemia, NSAID nonsteroi-
dal anti-inflammatory drugs, DM diabetes, DVT deep vein thrombosis, PE pulmonary embolism, CVC central venous catheter, COPD chronic 
obstructive pulmonary disease, GIB gastrointestinal bleed

Table 1  (continued)

Table 2  Oncologic history

All values expressed as n, % unless otherwise specified
a Mesothelioma, Chondrosarcoma, Thymus

Total popula-
tion (N = 214)

Enoxaparin (n = 77) Warfarin (n = 66) DOAC (n = 71) DOAC vs. 
enoxaparin p 
value

DOAC vs. 
warfarin p 
value

Solid tumor 187 (87.4) 67 (87) 56 (84.8) 64 (90.1) 0.551 0.881
 Lung 53 (28.3) 22 (32.8) 15 (26.8) 16 (25) 0.401 0.979
 Breast 27 (14.5) 5 (7.5) 9 (16.0) 13 (20.2) 0.028 0.457
 Colorectal area 12 (6.4) 3 (4.5) 3 (5.4) 6 (9.4) 0.324 0.500
 Pancreas 10 (5.3) 3 (4.5) 1 (1.8) 6 (9.4) 0.324 0.281
 Genitourinary tract 16 (8.6) 4 (6.0) 7 (12.5) 5 (7.8) 0.744 0.393
 Prostate 11 (5.9) 2 (2.9) 4 (7.1) 5 (7.8) 0.440 1.000
 Gynecologic 19 (10.2) 10 (14.9) 5 (8.9) 4 (6.3) 0.095 0.732
 Head and neck 6 (3.2) 1 (1.5) 1 (1.8) 4 (6.3) 0.365 0.370
 Skin 9 (4.8) 2 (2.9) 5 (8.9) 2 (3.1) 1.000 0.249
 Hepatobiliary 6 (3.2) 3 (4.5) 2 (3.6) 1 (1.6) 0.619 0.598
 Brain 6 (3.2) 4 (6.0) 2 (3.6) – 0.119 0.216
 Othera 12 (6.4) 8 (12) 2 (3.6) 2 (3.1) 0.592 0.781

Extent of disease
 Metastatic 104 (55.6) 55 (82.1) 20 (35.7) 29 (45.3) 0.001 0.246
 Hematologic malignancy 27 (12.7) 10 (13) 10 (15.2) 7 (9.9) 0.551 0.881
 Lymphoma 15 (55.6) 9 (90) 4 (40) 2 (28.6) 0.226 0.428
 Multiple myeloma 8 (29.7) – 4 (40) 4 (57.1) 0.051 1.000
 Acute leukemia 3 (11.1) 1 (10) 1 (10) 1 (14.3) 1.000 1.000
 Chronic leukemia 1 (3.7) – 1 (10) – – 0.482

Antineoplastic medications
 Immunomodulator 4 (1.9) – 3 (4.5) 1 (1.4) 0.480 0.355
 Lenalidomide 2 (0.9) – 1 (1.5) 1 (1.4) 0.480 1.000
 Thaliomide 1 (0.5) – 1 (1.5) – – 0.486
 Pomalidomide 1 (0.5) – 1 (1.5) – – 0.486
 Bevacizumab 4 (1.9) 2 (2.6) 1 (1.5) 1 (1.4) 1.000 1.000
 Tamoxifen 3 (1.4) 2 (2.6) 1 (1.5) – 0.497 0.486
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Table 3  Anticoagulation indication

All values expressed as n, % unless otherwise specified
AF atrial fibrillation, DVT deep vein thrombosis, PE pulmonary embolism

Total population 
(N = 214)

Enoxaparin (n = 77) Warfarin (n = 66) DOAC (n = 71) DOAC vs. enoxa-
parin p value

DOAC vs. 
warfarin p 
value

Non valvular AF 79 (36.9) 3 (3.9) 32 (48.5) 44 (62) 0.001 0.112
DVT 68 (31.8) 44 (57.1) 8 (12.1) 16 (22.5) 0.001 0.109
Acute DVT 58 (27.1) 39 (50.6) 5 (7.6) 14 (19.7) 0.001 0.040
Chronic DVT 10 (4.7) 5 (6.5) 3 (4.5) 2 (2.8) 0.445 0.672
PE 46 (21.5) 34 (44.2) 6 (9.1) 6 (8.5) 0.001 0.895
History of VTE 38 (17.8) 11 (14.3) 17 (25.8) 10 (14.1) 0.972 0.086
Valvular AF 5 (2.3) – 5 (7.6) – – 0.024
Mechanical valve 3 (1.4) – 3 (4.5) – – 0.109

Fig. 2  Bar graph of number of 
patients who had a bleed event 
and/or discontinued anticoagu-
lation therapy n = 60 (28%)

13 (18.3%)
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DOAC vs enoxaparin group
p-value 0.022 

DOAC vs warfarin group 
p-value 0.101

Table 4  Secondary outcomes—safety, tolerability, efficacy

All values expressed as n, % unless otherwise specified
DVT deep vein thrombosis, PE pulmonary embolism

Total popula-
tion (N = 214)

Enoxaparin (n = 77) Warfarin (n = 66) DOAC (n = 71) DOAC vs. 
enoxaparin p 
value

DOAC vs. 
warfarin p 
value

Safety
 Total bleed events 25 (11.7) 8 (10.4) 9 (13.6) 8 (11.3) 0.913 0.876
 Major bleeds 9 (4.2) 3 (3.9) 4 (6.1) 2 (2.8) 0.650 0.672
 Minor bleeds 16 (7.5) 5 (6.5) 5 (7.6) 6 (8.5) 0.683 0.851

Tolerability
 Total discontinuations 53 (25) 26 (33.8) 16 (24.2) 11 (15.4) 0.010 0.198

Efficacy
 Total thromboembolic events 23 (10.7) 9 (11.7) 10 (15.2) 4 (5.6) 0.185 0.110
 Recurrent DVT 13 (6.1) 6 (7.8) 7 (11) – 0.005 0.029
 Recurrent PE 6 (2.8) 2 (2.6) 3 (4.3) 1 (1.4) 1.000 0.352
 Ischemic stroke 4 (1.9) 1 (1.3) – 3 (4.2) 0.350 0.246
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episodes between the DOAC versus enoxaparin group 
or the DOAC versus warfarin group (p = 0.683, 0.672). 
Within the 9 patients who experienced a major bled, each 
individual’s anticoagulation therapy was dosed appropri-
ately accounting for indication, body weight, renal func-
tion, and drug interactions. The two major bleeds that 
occurred in the DOAC group occurred in patients with 
AKI at the time of the bleed, 1 bleed on dabigatran and 1 
bleed on rivaroxaban. For the major bleeds that occurred 
on warfarin therapy, the median INR at time bleed was 4 
(IQR 2.7, 5.5) and one patient was initiated on a macrolide 
antibiotic within 2 weeks of the major bleed episode. The 
median time on anticoagulation before a major bleed epi-
sode was 13 months (IQR 2, 20.5).

Of the patients who experienced a minor bleed event, 5 
(7%) received enoxaparin, 5 (8%) received warfarin, and 
6 (9%) received a DOAC (2 on apixaban, 3 on dabigatran, 
and 1on rivaroxaban). There was no difference found in 
minor bleed events between the DOAC versus enoxapa-
rin group or the DOAC versus warfarin group (p = 0.650, 
0.851). For the minor bleeds, 1 individual on enoxaparin 
and 1on dabigatran were on suboptimal dosing (incorrect 
renal adjustment and concomitant interacting medication) 
at the time of the bleed. The median time on anticoagula-
tion before a minor bleed episode was 16 months (IQR 
1, 36).

Tolerability

We observed 53 (25%) patients discontinue anticoagulation 
therapy in this cohort. Of those patients who discontinued 
therapy, 11 (15%) discontinued a DOAC, 26 (34%) discon-
tinued enoxaparin and 16 (24%) discontinued warfarin. 
There were fewer discontinuations in the DOAC group ver-
sus enoxaparin (11 vs. 26, p = 0.010) and there were fewer 
discontinuations in the DOAC group versus warfarin (11 vs. 
16, p = 0.19). Discontinuation of therapy due to a bleeding 
event occurred in 5 patients on enoxaparin, 4 patients on 
warfarin, and 5 patients on a DOAC. The most common 
reason for enoxaparin discontinuations was intolerance due 
to subQ administration which was observed in 8 patients 
(31%). The most common reasons for warfarin discontinu-
ations was unclear documented reason (6, 38%), inconven-
ience of INR testing (4, 25%) and bleed event (4, 25%). Of 
the11 patients who discontinued DOAC therapy, 3 were on 
apixaban, 3 were on dabigatran, and 5 were on rivaroxaban. 
There were 11 patients on warfarin who switched antico-
agulation therapies (1 switch to enoxaparin, 4 to apixaban, 
and 6 to rivaroxaban). Of the 27 patients on enoxaparin, 12 
patients switched anticoagulation therapies (4 to warfarin, 
1 to apixaban, and 7 to rivaroxaban). Only 1 patient on a 
DOAC switched therapy from dabigatran to apixaban.

Efficacy

There were 23 patients (11%) that experienced a thrombo-
embolic event in this cohort. There were 4 (5.6%) patients 
within the DOAC cohort, 9 (11.7%) within the enoxaparin 
cohort, and 10 (15.2%) within the warfarin cohort. There 
was no difference found between the DOAC versus enoxa-
parin group (4 vs. 9, p = 0.110) or DOAC versus warfarin 
group (4 vs. 10, p = 0.185) for thromboembolic events. We 
found that there were less recurrent DVTs in the DOAC 
group versus enoxaparin (0 vs. 6, p = 0.005) and the DOAC 
group versus warfarin (0 vs. 7, p = 0.029). Out of the 9 
patients on enoxaparin, there were 6 recurrent DVT epi-
sodes, 2 recurrent PE episodes, and 1 episode of ischemic 
stroke. One of the patients that had a PE in this cohort was 
not on therapeutic enoxaparin at the time of event. Compli-
ance for all other patients to anticoagulation was assumed 
based on documentation, at the time of thromboembolic 
event. Of the patients on warfarin, 7 experienced a recur-
rent DVT and 3 experienced PE. Of note, one patient within 
the warfarin group experienced both a DVT and PE which 
accounted as two separate events. The median INR at the 
time of thromboembolic event was 1.3 (IQR 1.1, 1.5) and 
two patients reported nonadherence with warfarin. For those 
on a DOAC, there were 3 episodes of ischemic stroke, 1 PE 
event, and 0 DVT events. Of the 3 ischemic stroke episodes, 
2 occurred in the rivaroxaban subgroup and 1 in the dabi-
gatran subgroup. Notably the patient in the dabigatran group 
was not taking dabigatran at the time of thromboembolic 
event. The only PE event occurred on rivaroxaban. For the 
rivaroxaban subgroup, compliance to anticoagulation was 
assumed based on documentation, at the time of thromboem-
bolic event. There was no thromboembolic events found with 
apixaban. The median time to any thromboembolic event 
was 9.4 months (IQR 1.5, 41.7) in the total patient popula-
tion. The median time, within the total patient population, 
to DVT, PE, or ischemic stroke was 20.8 months (IQR 1.3, 
55.4), 7.6 months (IQR 1.4, 19.4), and 5.1 months (IQR 0.9, 
35.5), respectively. Detailed characteristics for each DOAC 
can be found in the supplemental material (Online Resource 
1).

Discussion

Our study describes real-world anticoagulation prescribing 
patterns in patients with cancer at a large academic medical 
center. Although LMWH is considered the preferred anti-
coagulant in patients with cancer, its clinical use may be 
limited by patient preference, inconvenience of subcutane-
ous administration, or cost. Furthermore, there is limited 
evidence looking at discontinuation rates of VKA due to 
inconvenience of INR testing. The availability of fixed-dose 
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DOACs has an appealing option for patients with cancer, to 
improve adherence and provide sustainable anticoagulation 
without the need for routine laboratory monitoring. How-
ever, there remains limited data supporting the safety and 
efficacy of these agents in patients with cancer for VTE due 
to small percentages of patients with cancer in trials [9].

Despite limited data evaluating the safety and efficacy 
of DOACs in patients with cancer, these agents are being 
utilized in clinical practice at NYULH, as 33% of patients 
in our cohort were prescribed a DOAC. Of note, majority 
of DOAC use was in patients with solid tumors. For the 
DOACs, we noted rivaroxaban used most frequently, fol-
lowed by apixaban, then dabigatran. This could be due to the 
available evidence thus far for rivaroxaban for treatment of 
VTE in patients with cancer. A subgroup analysis of patients 
with active cancer in the EINSTEIN-DVT and EINSTEIN 
PE trial demonstrated recurrent venous thromboembolism 
occurred in 5% with rivaroxaban and 7% with enoxaparin 
and vitamin K antagonist [14]. There were 2% of patients in 
the rivaroxaban group and 5% in the enoxaparin and vitamin 
K antagonist group who experienced a major bleed [14]. 
Subsequent single center retrospective studies have demon-
strated similar safety and efficacy with rivaroxaban for VTE 
in patients with cancer [15, 16]. Bott-Kitslaar et al. specifi-
cally studied rivaroxaban for VTE in patients with cancer 
compared to patients with no cancer. Rates of VTE recur-
rence in patients with cancer were 4 (3.3%) out of 118 with 
a major bleed occurrence of 3 (2.5%) [16]. Pignataro et al. 
observed that 3.25% of their study population had a VTE 
reoccurrence with 5.5% having a major bleed [15]. A recent 
single centered prospective study assessed rivaroxaban in 
treatment of cancer associated VTE compared to enoxaparin 
and saw 4.4% cumulative incidence rate of new or recurrent 
VTE in 6 months [28].

Our study found similar rates of thromboembolic events 
and major bleeds among the entire DOAC group, 5.6 and 
2.8% respectively. Two meta-analyses looking at DOACs 
against heparin bridge to VKA, LMWH, or placebo ther-
apy in patients with cancer also described low rates of 
recurrence VTE [29, 30]. However, one meta-analysis saw 
an increased rate of clinical relevant bleeding in the DOAC 
group (8.6 vs. 5.8%). Although we observed more recur-
rent DVTs in the enoxaparin group (n = 6) and warfarin 
group (n = 7) compared to DOACs (n = 0), upon univari-
ate analysis, this was not statistically significant and may 
have been due to chance given the heterogeneous patient 
population. In our study, rivaroxaban was more routinely 
used for VTE or history of VTE (38% DVT, 16% PE, and 
19% history of VTE) while apixaban and dabigatran were 
mainly used for AF (68 and 100%) suggesting clinician 
preference for rivaroxaban for VTE compared to the other 
agents in patients with cancer. In addition, there were low 
rates of discontinuations of DOAC agents (15%) compared 

to enoxaparin or warfarin suggesting that DOACs are tol-
erable and convenient medications. An interesting finding 
was that of the patients on warfarin and enoxaparin who 
switched therapies, the majority were switched to rivar-
oxaban, further suggesting clinician preference for rivar-
oxaban in patients with cancer.

Although LMWH is preferred over VKA for the treatment 
of VTE in patients with cancer, there is no ‘gold-standard’ 
recommendation for the preferred anticoagulation for the 
reduction of stroke and systemic embolism in patients with 
AF and cancer. In our study, DOACs were chosen in older 
patients with cardiac abnormalities such as AF. Interestingly, 
dabigatran was solely used for AF within our study cohort. 
In the RELY trial, studying dabigatran against warfarin, 
1.11% patients per year experienced a stroke or systemic 
embolism, 3.11% patients per year experienced a major 
bleed, and 14.84% patients per year experienced a minor 
bleed within the dabigatran 150 mg twice daily group [20]. 
In our study, only 1 (5.8%) patient experienced an episode 
of ischemic stroke, 1 (5.8%) patient experienced a major 
bleed on dabigatran who had AKI at the time and 3 (17.6%) 
patients experienced a minor bleed on dabigatran. Although 
there were only 17 patients on dabigatran in our cohort, the 
percentage of bleeding events were relatively similar.

Our study is limited by its retrospective nature and small 
sample size. The patient population was heterogeneous; 
however this study highlights a real-life application of the 
DOACs in patients with cancer. The patients within the oral 
anticoagulant population had significantly more cardiovas-
cular disease compared to enoxaparin. In addition, there 
was a significant difference in the number of patients with 
metastatic disease when comparing DOAC versus enoxa-
parin suggesting potentially avoidance of utilizing DOAC 
in advanced cancer patients at higher risk of developing 
VTE. However, there was no significance in pancreatic, 
hematologic, brain, gynecologic, and lung cancers which 
are cancers thought to be at higher risk for VTE [1]. Lastly, 
clinician prescribing bias could not be controlled; therefore 
patients may have not had the opportunity to fail a particular 
anticoagulation therapy if the clinician purposely avoided 
therapy due to insurance cost etc.

In conclusion, anticoagulation therapy is frequently war-
ranted in patients with cancer due to hypercoagulability. In 
our study, we found DOACs to be a safe and effective alter-
native to LMWH or VKA in patients with cancer. While 
DOACs are increasingly being utilized in patients with AF 
or VTE, research regarding the safety and efficacy in can-
cer patients is still investigational. Based on our findings, 
DOACs may represent an attractive alternative to warfarin 
or enoxaparin in patients with cancer for VTE and/or stroke 
reduction in AF. Future prospective studies are needed to 
confirm the safety and efficacy of DOACs in cancer patients. 
In addition, although newer literature primarily focuses on 
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rivaroxaban, whether a preferred DOAC agent exists in can-
cer patients remains unknown.
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