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A B S T R A C T

Background: Low-molecular-weight heparins (LMWH) are the drug of choice for treatment of cancer-associated
thrombosis (CAT), however non-vitamin K antagonist oral anticoagulants (NOAC) seem to be a reasonable al-
ternative. We investigated the safety and efficacy of NOAC versus LMWH in patients with a history of CAT.
Methods: In a prospective cohort study 128 consecutive patients with active cancer who experienced CAT were
enrolled following LMWH treatment for ≥3months. Symptomatic recurrent venous thromboembolism (VTE),
bleeding and death were recorded during follow-up.
Results: 65 (50.8%) patients were switched to NOAC and 63 (49.2%) continued with LMWH. During a median
follow-up of 17 (interquartile range, 15–21) months, recurrent VTE was observed in 6 (9.2%) patients on NOAC
and in 12 (19.0%) on LMWH (hazard ratio [HR] 0.44, 95% confidence interval [CI] 0.16–1.16). The rate of
major bleeding was 9.2% and 4.8%, respectively (HR 2.00, 95% CI 0.50–8.00). The median time to bleeding was
shorter in patients on NOAC (3 [2.25–5.5] months) versus on LMWH (9 [6.5–13.0] months). The mortality rates
were similar in both groups (15.4% versus 15.9%, respectively, HR 0.76, 95% CI 0.32–1.84).
Conclusions: In patients following CAT, extended treatment with NOAC, compared with LMWH, appears to be
associated with similar effectiveness and safety.

1. Introduction

Patients with cancer are at a 7 fold higher risk of venous throm-
boembolism (VTE) compared with non-oncological patients [1,2]. Ve-
nous thromboembolic complications may affect up to 20% of hospita-
lized cancer patients [3]. The increased risk of VTE is associated with
some types of cancer (mostly involving the pancreas, brain, stomach,
kidney, lung or lymphoma, multiple myeloma), initial period after
cancer diagnosis, the presence of distant metastases, chemotherapy,
hormonal therapy, the use of anti-angiogenic agents, patients' age and
comorbidities [2,4,5]. After cancer progression, VTE is the second
leading cause of death in cancer patients [6,7].

Low-molecular-weight heparins (LMWH) remain the treatment and

prophylaxis of choice in cancer-associated thrombosis (CAT) [8–13].
This strong recommendation results from randomized studies in which
LMWH have been shown more effective than coumarin derivatives in
reducing the risk of recurrent VTE without increasing the risk of
bleeding [14,15]. In a seminal study, patients with cancer and symp-
tomatic VTE randomly assigned to 6months therapy with dalteparin
had twice lower risk of recurrent VTE (hazard ratio [HR] 0.48, 95%
confidence interval [CI] 0.3–0.77, P=0.002) and similar rate of major
bleeding (6% versus 4%, P=0.27) as compared with warfarin with
target INR of 2.5 [14]. However, during the 6-month study period the
use of LMWH did not influence overall mortality. Most experts suggest
that LMWH should be considered for first 3–6months. However, cur-
rent guidelines do not determine precisely the time and the type of
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long-term anticoagulation in patients after CAT. Decision as to whether
discontinue anticoagulation, maintain LMWH, switch LMWH to war-
farin or implant the vena cava filter depends on patient and cancer
status, benefit-to-risk ratio, tolerability, drug availability, patient pre-
ferences and always should be discussed on an individual basis [8–13].

The widespread availability of non-vitamin K antagonist oral an-
ticoagulants (NOAC) has resulted in a number of reports regarding their
effectiveness and safety also in cancer patients. The strongest evidence
for the usefulness of NOAC in CAT patients comes from the randomized
controlled Hokusai VTE Cancer trial with edoxaban [16]. In 1050
cancer patients with symptomatic or incidental VTE, treatment with
oral edoxaban as compared to subcutaneous dalteparin for at least
6 months and up to 12months was associated with similar rates of re-
current VTE or major bleeding during 12-month observation (HR 0.97,
95% CI 0.70–1.36, P= 0.006 for non-inferiority) [16]. In turn, a pilot
randomized SELECT-D trial has demonstrated that in 203 cancer pa-
tients with CAT, a 6- month treatment with rivaroxaban was associated
with lower VTE recurrence (HR 0.43, 95% CI 0.19–0.99) but a higher
rate of clinically relevant non-major bleedings (HR 3.76, 95% CI
1.63–8.69) as compared with dalteparin [17]. Meta-analysis of both
Hokusai VTE and SELECT-D randomized studies [18] indicates that
NOACs are associated with a tendency to lower 6-month rates of re-
current VTE when compared to LMWH (risk ratio 0.65, 95% CI
0.42–1.01, P= 0.06). The results of a recent observational study have
suggested that cancer patients with VTE treated with rivaroxaban for a
median time of 3months had a significantly lower risk of recurrent VTE
after 12months as compared with LMWH (HR 0.72, 95% CI 0.52–0.95,
P=0.024) or warfarin (HR 0.74, 95% CI 0.56–0.96, P= 0.028) and
similar risk of major bleeding compared to both LMWH as well as
warfarin [19].

Little is known about long-term use of NOAC in patients with CAT
given the fact that such patients should receive anticoagulation until
the disease is cured [10–12]. The aim of this study was to evaluate the
effectiveness and safety of NOAC in an extended treatment of patients
with CAT following the initial LMWH therapy.

2. Material and methods

In this prospective, cohort study, with protocol prepared before the
inclusion of the first patient, we enrolled 128 consecutive ambulatory
patients with cancer who experienced symptomatic VTE and were re-
ferred to our center for further clinical and laboratory work-up. Patients
with active cancer were eligible if they had history of symptomatic
deep-vein thrombosis (DVT) and/or acute symptomatic pulmonary
embolism (PE) that were confirmed by means of imaging. Active cancer
was defined as cancer receiving active antimitotic treatment, or diag-
nosed within the past 6months, or recurrent, or metastatic, or inoper-
able, with exclusion of squamous skin cancer and basal cell carcinoma
[20]. We excluded patients with severe (stage 4 or 5) chronic kidney
disease, with postoperative VTE, high-risk thrombophilia including
antiphospholipid syndrome, antithrombin deficiency, homozygosity for
factor V Leiden, or prothrombin 20210A mutations or combined var-
iants, pregnancy, acute coronary syndrome or ischemic stroke within
the previous 6months or acute infection or exacerbated chronic in-
flammatory disease e.g. inflammatory bowel disease.

Following documented VTE episodes all patients were treated with
LMWH (enoxaparin at therapeutic doses) at least three months. The
decision as to whether LMWH would be continued or stopped with the
subsequent initiation of rivaroxaban, dabigatran or apixaban adjusted
to the renal function was left at the discretion of the treating physician
based on the patient preferences (Fig. 1). Renal failure was diagnosed
when creatinine clearance calculated using the Cockcroft-Gault formula
was lower than 50ml/min. Heart failure referred to a symptomatic
condition with relevant structural heart disease with diastolic dys-
function or reduced left ventricular ejection fraction of< 40%.

In the LMWH group all patients (n=63) received subcutaneously

enoxaparin at a dose 1mg per kilogram of body weight once daily if
anticoagulant therapy was longer than 12months with 75% of ther-
apeutic dose prescribed in the first year since the index CAT. In the
NOAC group (n=65) full dose or reduced dose of rivaroxaban, dabi-
gatran or apixaban were administered in 43 (66.2%) and 22 (33.8%)
patients, respectively. The latter regimen was used if bleeding risk was
assessed as high.

The study protocol complied with the Declaration of Helsinki was
approved by the Ethics Committee of the Jagiellonian University. All
included patients gave informed consent.

2.1. Follow-up

The follow-up started at the time of decision about anticoagulation
treatment. During follow-up all patients were assessed in the outpatient
clinic or by phone. They were instructed to report symptoms that
suggested recurrent VTE or bleeding requiring appropriate con-
firmatory diagnostic and/or laboratory tests. The primary efficacy
endpoint in this study was symptomatic recurrent VTE [21], whereas
the primary safety endpoint was major bleeding diagnosed in ac-
cordance to the International Society on Thrombosis and Hemostasis
(ISTH) definition [22]. The net clinical outcome was a composite of
recurrent VTE or major bleeding. The secondary endpoints included
death, composite of major or minor bleeding and survival free of death,
recurrent VTE or major bleeding. The diagnosis of recurrent sympto-
matic DVT was established based on positive findings of color duplex
ultrasonography. In cases of suspected DVT recurrence in the same leg,
non-compressibility of a previously compressible venous segment or an
increase of at least 4 mm in the residual diameters was applied to
confirm the diagnosis. PE was each time confirmed by computed to-
mography angiography. Persistence on and compliance to treatment in
our patients was assessed only on the basis of the patients' declaration.
The follow-up was censored at the time of death of the study partici-
pant.

2.2. Statistical analysis

In this pilot study there was no formal sample size calculation.
Statistical analyses were performed with Statistica 12.5 software
(StatSoft, Tulsa, OK). Continuous variables are expressed as mean ±
standard deviation or median and IQR, whereas categorical variables
as number (percentage). Continuous variables were checked for normal
distribution by the Shapiro-Wilk test. For baseline characteristics, dif-
ferences between means of continuous variables or between propor-
tions of categorical variables were expressed as 95% confidence inter-
vals (CI). The Kaplan-Meier curves of the survival free of VTE and major
bleeding were created and then the Cox proportional hazard regressions
were done to estimate treatment effects and to determine independent
predictors of overall survival and survival free of VTE and bleeding. The
results were presented as hazard ratios (HR) with 95% CI.

3. Results

3.1. Baseline characteristics

A total of 128 patients with CAT were enrolled. Subjects treated
with NOAC and those on LMWH were similar in terms of demographics,
VTE risk factors, most of the co-morbidities, cancer type, and initial
VTE diagnosis (Table 1).

Patients on NOAC were more often diagnosed with heart failure
(38.5% vs 19.1%) and less often with hyperlipidemia (56.9% vs 79.4%)
as compared with those on LMWH. Among patients treated with NOAC,
38 (58.5%) patients were treated with rivaroxaban, 14 (21.5%) with
dabigatran and 13 (20.0%) with apixaban. Of them, a reduced dose
regimen of NOAC was used in 11 (16.9%) patients treated with rivar-
oxaban (15mg/d), in 4 (6.1%) patients with dabigatran (110mg bid)

K. Stepien, et al. Vascular Pharmacology 120 (2019) 106567

2



and in 7 (10.8%) patients with apixaban (2.5 mg bid)

3.2. Follow-up

The median follow-up for patients treated with NOAC was 18.2
(15.0–21.0) months and for patients on LMWH was 16.0 (14.0–20.0)
months (95% CI -0.5 to 2.7). Recurrent VTE occurred in 6 (9.2%) pa-
tients in the NOAC group and in 12 (19%) patients in the LMWH group
(Fig. 2). Recurrent VTE was observed after 8.0 (4.75–12.0) months in
patients on NOAC, with similar time intervals in those on LMWH (5.5
[1.75–13.0] months).

Major bleeding occurred in 6 (9.2%) patients receiving NOAC and in
3 (4.8%) patients treated with LMWH (Fig. 2). This event occurred after

Cancer diagnosis VTE 

Choice of 
anticoagulation 

At least 3 months 
of LMWH 

End of follow-up 

6 (5-9) months 

NOAC 

LMWH 

7 (5-9) months 

23 (15-27) months 

22 (16-30.5) months 

16 (14-20) months 

18.2 (15-21) months 

Fig. 1. Study flow chart.
The time intervals are expressed as median (interquartile range).
Abbreviations: LMWH: low-molecular-weight heparin, NOAC: non-vitamin K antagonist oral anticoagulants, VTE: venous thromboembolism

Table 1
Baseline characteristics of the studied groups.

NOAC N=65 LMWH N=63 95% CI of
difference

Age, years 66.5 ± 7.0 67.9 ± 6.6 −3.8 to 1.0
Male gender 22 (33.9) 22 (34.9) −0.2 to 0.2
Body mass index, kg/m2 28.2 ± 5.8 28.3 ± 3.7 −1.8 to 1.6
Active smoking 21 (32.3) 15 (23.8) −0.1 to 0.2
Hyperlipidemia 37 (56.9) 50 (79.4) 0.1 to 0.4
Hypertension 47 (72.3) 45 (71.4) −0.1 to 0.3
Diabetes mellitus 4 (6.2) 4 (6.4) −0.1 to

0.01a

Renal failure 15 (23.1) 13 (20.6) −0.1 to 0.2
Heart failure 26 (38.5) 12 (19.1) 0.1 to 0.4
Prior stroke 12 (18.5) 13 (20.6) −0.1 to 0.2
Prior myocardial infarction 8 (12.3) 7 (11.1) −0.1 to 0.1
Prior gastrointestinal bleeding 4 (6.2) 1 (1.6) −0.04 to

0.1a

Time since cancer diagnosis to
the index VTE, months

22.4 ± 8.2 24.3 ± 10.1 −5.1 to 1.3

Time since the VTE incident to
choice of NOAC/LMWH,
months

7.6 ± 3.7 7.5 ± 3.3 −1.1 to 1.3

Initial VTE diagnosis: −0.1 to 0.3
DVT alone 36 (55.4) 40 (63.5)
PE with or without DVT 29 (44.6) 23 (36.5)

Type of cancer: NA
Genitourinary 16 (24.6) 14 (22.2)
Breast 17 (26.2) 19 (30.2)
Gastrointestinal 11 (16.9) 11 (17.5)
Lung 11 (16.9) 8 (12.7)
Other 10 (15.4) 11 (17.5)

Metastatic disease 30 (46.2) 23 (36.5) −0.1 to 0.3
Laboratory investigations at

enrolment:
Haemoglobin, g/dL 12.5 ± 1.8 12.6 ± 1.6 −0.7 to 0.5
Platelet count, ×103/μL 173 ± 74 190 ± 79 −43 to 10
Creatinine, μmol/L 98.6 ± 25.3 93.0 ± 23.4 −2.8 to

14.1
Alanine aminotransferase,
IU/L

34.7 ± 22.5 32.5 ± 17.3 −4.8 to 9.2

Abbreviations: Data are shown as mean ± standard deviation or number
(percentage). CI: confidence interval for difference between means of con-
tinuous variables and between proportions of categorical variables, DVT: deep-
vein thrombosis, LMWH: low-molecular-weight heparins, NOAC: non-vitamin K
antagonist oral anticoagulants, PE: pulmonary embolism, VTE: venous throm-
boembolism, NA: not applicable.

a Calculation of CI with continuity correction.
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Fig. 2. Probability of survival free of recurrent venous thromboembolism (VTE)
(B.1), and major bleeding (B.2) in patients treated with non-vitamin K an-
tagonist oral anticoagulants (NOAC) or low-molecular-weight heparins
(LMWH).
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on average 5.0 (3.25–6.75) months in patients on NOAC versus 10.0
(8.0–12.5) months for those on LMWH (95% CI -10.8 to 0.8). The rate
of major or minor bleedings was similar in both groups (Table 2),
however the median time to their occurrence was shorter in patients on
NOAC (3.0 [2.25–5.5] months) as compared with those on LMWH (9.0
[6.5–13.0] months) (95% CI -9.3 to −1.0).

There was no difference in the mortality rate depending on the
anticoagulant used (15.4% for NOAC versus 15.9% for LMWH). Death
largely due to cancer progression occurred after 16.5 (14.25–17.75)
months in the NOAC group versus 17.0 (15.25–21.0) months in the
LMWH group.

The chosen anticoagulant therapy did not influence significantly
VTE occurrence (HR=0.44 for NOAC vs LMWH, 95% CI 0.16–1.16),
major bleeding (HR=2.00 for NOAC vs LMWH, 95% CI 0.50–8.00),
net clinical outcomes of recurrent VTE or major bleeding (HR=0.68
for NOAC vs LMWH, 95% CI 0.31–1.50) or death (HR=0.76 for NOAC
vs LMWH, 95% CI 0.32–1.84).

Major bleeding occurred in 3 (13.6%) patients with reduced dose of
NOAC and in 3 (7.0%) patients with full dose of NOAC. The rate of
recurrent VTE was similar in patients with reduced and full dose of
NOAC (9.1% and 9.3%, respectively). Mortality rate was also similar in
patients treated with reduced and full dose regimens of NOAC (18.2%
and 14.0%, respectively) and in patients treated with LMWH (15.9%).

3.3. Multivariable analysis

Only the time elapsed since cancer diagnosis to the index VTE was
independently associated with the recurrence of VTE (HR 1.05 per
month, 95% CI 1.01–1.11). After adjustment for the anticoagulant used,
lung cancer as compared with other cancers was found to be an in-
dependent predictor of death (HR 3.77, 95% CI 1.54–9.26). Data for
different cancer types were shown in Supplementary Table 1.

4. Discussion

In the current cohort study we found that in CAT patients with a
relatively good prognosis, who preferred continuation of anticoagulant
therapy after a few months of the LMWH use, extended treatment with
NOAC as compared with LMWH is associated with similar incidence of
VTE recurrence and bleeding complications during almost 2 years of
follow-up. On the other hand, half-therapeutic daily doses of en-
oxaparin appeared acceptable option for CAT patients who chose
LMWH. In this clinical setting metastatic disease or any specific cancer
type as well as demographic or clinical factors determined the clinical
outcomes of prolonged anticoagulation. This study provides additional
arguments for the benefits from broader use of NOAC in CAT patients
including those with gastrointestinal cancer.

Growing evidence supports use of NOAC in cancer patients who
experienced VTE. The ISTH experts indicate that NOAC can be con-
sidered for VTE treatment of patients with stable cancer not receiving
systemic anticancer therapy, and in cases where vitamin K antagonist is
an acceptable, but not an available, treatment choice [12]. Several

arguments make NOAC attractive alternatives to either LMWH or vi-
tamin K antagonists. NOAC do not require laboratory monitoring, have
fixed-dose regimens with predictable anticoagulant effects, have fewer
drug and food interactions than vitamin K antagonists and the oral
route of administration is an important advantage as compared to
subcutaneously injected LMWH [13,23]. It has been shown that only
approximately 50% of patients adhere to long-term treatment with
parenteral LMWH [24]. Moreover, LMWH administration might also
result in heparin induced thrombocytopenia, a rare but life-threatening
thrombotic complication [25]. On the other hand, NOAC absorption
might be compromised by vomiting, which is a common side-effect of
anticancer agents [26]. The present study confirms that despite lim-
itations of oral anticoagulation, cancer patients after a few months of
LMWH injection often choose NOAC. According to the US registers,
nearly one-fifth of patients diagnosed with CAT have been already
treated with rivaroxaban [24]. The available registry data did not dif-
ferentiate between patients in acute VTE and those using NOAC in a
long-term basis, and most of high-quality data are restricted to 12-
month use of NOAC initiated at the time of CAT diagnosis. Our findings
may support the view that in real-life population of CAT patients with
life expectancy of> 12months, long-term treatment with NOAC is as
effective and safe as LMWH therapy.

The effectiveness and safety of NOAC in our cohort were compar-
able to those reported previously. In CAT patients treated with rivar-
oxaban for 4–6months the incidence of recurrent VTE ranged from
3.3% to 8.9% [27–30]. In turn, the incidence of recurrent VTE in 266
CAT patients treated with either rivaroxaban or enoxaparin was 1%
versus 4.2%, respectively (P=0.15) and did not differ at 12months
[31]. The subanalysis of AMPLIFY study [32] showed that among pa-
tients with active cancer recurrent VTE was not less frequent in the
apixaban group as compared with enoxaparin/warfarin groups (risk
ratio 0.56, 95% CI 0.13–2.37). Finally, the results of the randomized
trials consistently indicate that NOAC compared to LMWH are as ef-
fective or even more effective in preventing subsequent thromboem-
bolic complications within a 6–12month follow-up [16,17]. Our study
has shown acceptable clinical outcomes of treatment of CAT patients in
much longer follow-up than those from the published observational and
randomized studies.

We did not observe increased risk of major bleeding in cancer pa-
tients on NOAC. However, we found that median time to any major or
minor bleeding was shorter in NOAC as compared with LMWH. In the
Hokusai VTE trial [16] major bleeding within 12-month observation
was more frequent with edoxaban as compared to dalteparin (HR 1.77,
95% CI 1.03–3.04, P=0.04). In turn, in the SELECT-D trial [17] the
rate of major bleeding was similar in both compared groups, however
the frequency of clinically relevant non-major bleedings was sig-
nificantly higher in the rivaroxaban group as compared with dalteparin.
The present population was recruited a few months since the VTE event
in contrast to the two trials focused on acute VTE patients [16,17].
Similar signals came from recent small observational studies. In CAT
patients treated with rivaroxaban for 4–6months, the incidence of
major bleeding ranged from 2.2% to 5.5% [27,28,30]. Moreover, the

Table 2
Clinical outcomes in both treatment groups.

NOAC N=65 LMWH N=63 95% CI

Recurrent VTE 6 (6.2) 12 (13.9) 0.16 to 1.16
Major bleeding 6 (6.3) 3 (3.3) 0.50 to 8.00
Recurrent VTE or major bleeding 11 (12.0)* 15 (17.8) 0.31 to 1.50
Death from any cause 10 (9.9) 10 (10.8) 0.32 to 1.84
Major or minor bleeding 10 (11.1) 6 (6.8) 0.62 to 4.69
Death, recurrent VTE or major bleeding 18 (19.6)** 22 (26.1)*** 0.37 to 1.31

Abbreviations: Data are shown as number of patients with index event (percentage of patients with index event/year). CI: confidence interval for hazard
ratios calculated in the Cox proportional hazard regressions, LMWH: low-molecular-weight heparins, NOAC: non-vitamin K antagonist oral anticoagulants,
VTE: venous thromboembolism. Two outcomes occurred in 1 (*), 4 (**) and 3 (***) patients.

K. Stepien, et al. Vascular Pharmacology 120 (2019) 106567

4



incidence of major bleeding in 266 CAT patients treated with either
rivaroxaban or enoxaparin was 5.1% versus 3.6%, respectively
(P= 0.55) and did not differ at 12months [31]. In turn, in the sub-
analysis of the AMPLIFY study [32], apixaban was associated with not
significantly lower rate of major bleeding as compared with en-
oxaparin/warfarin (risk ratio 0.45, 95% CI 0.08–2.46). Importantly, in
our study the dose of NOAC was adjusted to the renal function. One
third of patients based on creatinine clearance received reduced dose of
NOAC and such approach in our cohort was associated with similar rate
of major bleedings regardless of the NOAC dose comparable with
LMWH without increasing the rate of thromboembolic complications.

An interesting finding is the observation that the longer time be-
tween cancer diagnosis and the index VTE, the greater risk of devel-
oping the recurrence of VTE among cancer patients on NOAC or LMWH.
It might be speculated that such patients have a persistent pro-
thrombotic tendency in part unrelated to cancer, and they did not ex-
perience VTE within the first months since establishing the diagnosis
which represent the highest risk time in this clinical setting [2]. This
hypothesis requires further investigations.

Our study has several limitations. First, our pilot, observational
study has all inherent shortcomings including lack of sample size cal-
culation. As a consequence, the study was likely underpowered to show
differences between the study groups as well as among individual
NOAC agents or different types of cancer. Therefore, our findings
should be interpreted with extreme caution. Second, patients with poor
prognosis were underrepresented and these observations refer to pa-
tients who survived 1–2 years since cancer diagnosis and then a few
months of LMWH therapy. Third, noncompliance as a factor affecting
VTE recurrence cannot be excluded given the study design.

5. Conclusions

Our findings suggest that in the active cancer patients with a history
of symptomatic VTE, extended treatment with NOAC as compared with
LMWH is associated with similar incidence of VTE recurrence and
bleeding complications. It might be concluded that after initial treat-
ment with LMWH for at least 3 months, cancer patients could receive
NOAC therapy. Oral administration of NOAC as compared with sub-
cutaneous LMWH and no need for treatment monitoring supported by
results of recent trials make NOAC attractive anticoagulants for ex-
tended therapy in CAT patients.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.vph.2019.106567.

Acknowledgements

None.

Funding

This work was supported by a grant from the Jagiellonian
University Medical College (K/ZDS/007717 to A.U.).

Conflict of interests

A.U. received lecture honoraria from Bayer, Boehringer Ingelheim,
Pfizer and Sanofi-Aventis. The remaining authors have nothing to dis-
close in relation to this study.

References

[1] J.W. Blom, C.J. Doggen, S. Osanto, F.R. Rosendaal, Malignancies, prothrombotic
mutations, and the risk of venous thrombosis, JAMA. 293 (2005) 715–722, https://
doi.org/10.1001/jama.293.6.715.

[2] C. Ay, I. Pabinger, A.T. Cohen, Cancer-associated venous thromboembolism:
burden, mechanisms and management, Thromb. Haemost. 117 (2017) 219–230,
https://doi.org/10.1160/TH16-08-0615.

[3] R. Lecumberri, M. Marqués, E. Panizo, A. Alfonso, A. García-Mouriz, I. Gil-Bazo,
J. Hermida, S. Schulman, J.A. Páramo, High incidence of venous thromboembolism
despite electronic alerts for thromboprophylaxis in hospitalised cancer patients,
Thromb. Haemost. 110 (2013) 184–190, https://doi.org/10.1160/TH13-02-0131.

[4] J.W. Blom, J.P. Vanderschoot, M.J. Oostindiër, S. Osanto, F.J. van der Meer,
F.R. Rosendaal, Incidence of venous thrombosis in a large cohort of 66,329 cancer
patients: results of a record linkage study, J. Thromb. Haemost. 4 (2006) 529–535,
https://doi.org/10.1111/j.1538-7836.2006.01804.x.

[5] A.A. Khorana, G.C. Connolly, Assessing risk of venous thromboembolism in the
patient with cancer, J. Clin. Oncol. 27 (2009) 4839–4847, https://doi.org/10.1200/
JCO.2009.22.3271.

[6] A.A. Khorana, C.W. Francis, E. Culakova, N.M. Kuderer, G.H. Lyman,
Thromboembolism is a leading cause of death in cancer patients receiving out-
patient chemotherapy, J. Thromb. Haemost. 5 (2007) 632–634, https://doi.org/10.
1111/j.1538-7836.2007.02374.x.

[7] T.V. Kourelis, E.M. Wysokinska, Y. Wang, P. Yang, A.S. Mansfield, A.J. Tafur, Early
venous thromboembolic events are associated with worse prognosis in patients with
lung cancer, Lung Cancer 86 (2014) 358–362, https://doi.org/10.1016/j.lungcan.
2014.10.003.

[8] G.H. Lyman, K. Bohlke, A.A. Khorana, N.M. Kuderer, A.Y. Lee, J.I. Arcelus,
E.P. Balaban, J.M. Clarke, C.R. Flowers, C.W. Francis, L.E. Gates, A.K. Kakkar,
N.S. Key, M.N. Levine, H.A. Liebman, M.A. Tempero, S.L. Wong, M.R. Somerfield,
A. Falanga, American Society of Clinical Oncology, Venous thromboembolism
prophylaxis and treatment in patients with cancer: American Society of Clinical
Oncology clinical practice guideline update 2014, J. Clin. Oncol. 33 (2015)
654–656, https://doi.org/10.1200/JCO.2014.59.7351.

[9] H.G. Watson, D.M. Keeling, M. Laffan, R.C. Tait, M. Makris, British Committee for
Standards in Haematology, Guideline on aspects of cancer-related venous throm-
bosis, Br. J. Haematol. 170 (2015) 640–648, https://doi.org/10.1111/bjh.13556.

[10] J.L. Zamorano, P. Lancellotti, D. Rodriguez-Munoz, V. Aboyans, R. Asteggiano,
M. Galderisi, G. Habib, D.J. Lenihan, G.Y.H. Lip, A.R. Lyon, T. Lopez Fernandez,
D. Mohty, M.F. Piepoli, J. Tamargo, A. Torbicki, T.M. Suter, ESC Scientific
Document Group, 2016 ESC position paper on cancer treatments and cardiovascular
toxicity developed under the auspices of the ESC Committee for practice guidelines:
the task force for cancer treatments and cardiovascular toxicity of the European
Society of Cardiology (ESC), Eur. Heart J. 37 (2016) 2768–2801, https://doi.org/
10.1093/eurheartj/ehw211.

[11] C. Kearon, E.A. Akl, J. Ornelas, A. Blaivas, D. Jimenez, H. Bounameaux,
M. Huisman, C.S. King, T.A. Morris, N. Sood, S.M. Stevens, J.R.E. Vintch, P. Wells,
S.C. Woller, L. Moores, Antithrombotic therapy for VTE disease: CHEST guideline
and expert panel report, Chest. 149 (2016) 315–352, https://doi.org/10.1016/j.
chest.2015.11.026.

[12] D. Farge, H.P. Bounameaux, B. Brenner, F. Cajfinger, P. Debourdeau, A.A. Khorana,
I. Pabinger, S. Solymoss, J. Douketis, A. Kakkar, International clinical practice
guidelines including guidance for direct oral anticoagulants in the treatment and
prophylaxis of venous thromboembolism in patients with cancer, Lancet Oncol. 17
(2016) e452–e466, https://doi.org/10.1016/S1470-2045(16)30369-2.

[13] I. Elalamy, I. Mahé, W. Ageno, G. Meyer, Long-term treatment of cancer-associated
thrombosis: the choice of the optimal anticoagulant, J. Thromb. Haemost. 15
(2017) 848–857, https://doi.org/10.1111/jth.13659.

[14] A.Y. Lee, M.N. Levine, R.I. Baker, C. Bowden, A.K. Kakkar, M. Prins, F.R. Rickles,
J.A. Julian, S. Haley, M.J. Kovacs, M. Gent, Randomized Comparison of Low-
Molecular-Weight Heparin versus Oral Anticoagulant Therapy for the Prevention of
Recurrent Venous Thromboembolism in Patients with Cancer (CLOT) Investigators,
Low-molecular-weight heparin versus a coumarin for the prevention of recurrent
venous thromboembolism in patients with cancer, N. Engl. J. Med. 349 (2003)
146–153, https://doi.org/10.1056/NEJMoa025313.

[15] L.A. Kahale, M.B. Hakoum, I.G. Tsolakian, C.F. Matar, I. Terrenato, F. Sperati,
M. Barba, V.E. Yosuico, H. Schünemann, E.A. Akl, Anticoagulation for the long-term
treatment of venous thromboembolism in people with cancer, Cochrane Database
Syst Rev. 6 (2018) CD006650, , https://doi.org/10.1002/14651858.CD006650.
pub5.

[16] G.E. Raskob, N. van Es, P. Verhamme, M. Carrier, M. Di Nisio, D. Garcia,
M.A. Grosso, A.K. Kakkar, M.J. Kovacs, M.F. Mercuri, G. Meyer, A. Segers, M. Shi,
T.F. Wang, E. Yeo, G. Zhang, J.I. Zwicker, J.I. Weitz, H.R. Büller, Hokusai VTE
Cancer Investigators, Edoxaban for the treatment of cancer-associated venous
thromboembolism, N. Engl. J. Med. 378 (2018) 615–624, https://doi.org/10.1056/
NEJMoa1711948.

[17] A.M. Young, A. Marshall, J. Thirlwall, O. Chapman, A. Lokare, C. Hill, D. Hale,
J.A. Dunn, G.H. Lyman, C. Hutchinson, P. MacCallum, A. Kakkar, F.D.R. Hobbs,
S. Petrou, J. Dale, C.J. Poole, A. Maraveyas, M. Levine, 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), J. Clin. Oncol. 36
(2018) 2017–2023, https://doi.org/10.1200/JCO.2018.78.8034.

[18] A. Li, D.A. Garcia, G.H. Lyman, M. Carrier, Direct oral anticoagulant (DOAC) versus
low-molecular-weight heparin (LMWH) for treatment of cancer associated throm-
bosis (CAT): a systematic review and meta-analysis, Thromb. Res. 173 (2018)
158–163, https://doi.org/10.1016/j.thromres.2018.02.144.

[19] M.B. Streiff, D. Milentijevic, K. McCrae, D. Yannicelli, J. Fortier, W.W. Nelson,
F. Laliberté, C. Crivera, P. Lefebvre, J. Schein, A.A. Khorana, Effectiveness and
safety of anticoagulants for the treatment of venous thromboembolism in patients
with cancer, Am. J. Haematol. 93 (2018) 664–671, https://doi.org/10.1002/ajh.
25059.

[20] P.S. Wells, J. Hirsh, D.R. Anderson, A.W. Lensing, G. Foster, C. Kearon, J. Weitz,
R. D'Ovidio, A. Cogo, P. Prandoni, Accuracy of clinical assessment of deep-vein
thrombosis, Lancet. 345 (1995) 1326–1330, https://doi.org/10.5555/

K. Stepien, et al. Vascular Pharmacology 120 (2019) 106567

5

https://doi.org/10.1016/j.vph.2019.106567
https://doi.org/10.1016/j.vph.2019.106567
https://doi.org/10.1001/jama.293.6.715
https://doi.org/10.1001/jama.293.6.715
https://doi.org/10.1160/TH16-08-0615
https://doi.org/10.1160/TH13-02-0131
https://doi.org/10.1111/j.1538-7836.2006.01804.x
https://doi.org/10.1200/JCO.2009.22.3271
https://doi.org/10.1200/JCO.2009.22.3271
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1016/j.lungcan.2014.10.003
https://doi.org/10.1016/j.lungcan.2014.10.003
https://doi.org/10.1200/JCO.2014.59.7351
https://doi.org/10.1111/bjh.13556
https://doi.org/10.1093/eurheartj/ehw211
https://doi.org/10.1093/eurheartj/ehw211
https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1016/S1470-2045(16)30369-2
https://doi.org/10.1111/jth.13659
https://doi.org/10.1056/NEJMoa025313
https://doi.org/10.1002/14651858.CD006650.pub5
https://doi.org/10.1002/14651858.CD006650.pub5
https://doi.org/10.1056/NEJMoa1711948
https://doi.org/10.1056/NEJMoa1711948
https://doi.org/10.1200/JCO.2018.78.8034
https://doi.org/10.1016/j.thromres.2018.02.144
https://doi.org/10.1002/ajh.25059
https://doi.org/10.1002/ajh.25059
https://doi.org/10.5555/uri:pii:S014067369592535X


uri:pii:S014067369592535X.
[21] M.D. Silverstein, J.A. Heit, D.N. Mohr, T.M. Petterson, W.M. O'Fallon, L.J. Melton,

Trends in the incidence of deep vein thrombosis and pulmonary embolism: a 25-
year population-based study, Arch. Intern. Med. 158 (1998) 585–593, https://doi.
org/10.1001/archinte.158.6.585.

[22] S. Schulman, C. Kearon, Subcommittee on Control of Anticoagulation of the
Scientific and Standardization Committee of the International Society on
Thrombosis and Haemostasis, Definition of major bleeding in clinical investigations
of antihemostatic medicinal products in non-surgical patients, J. Thromb. Haemost.
3 (2005) 692–694, https://doi.org/10.1111/j.1538-7836.2005.01204.x.

[23] A. Tripodi, S. Braham, B. Scimeca, M. Moia, F. Peyvandi, How and when to measure
anticoagulant effects of direct oral anticoagulants? Practical issues, Pol. Arch.
Intern. Med. 128 (2018) 379–385, https://doi.org/10.20452/pamw.4287.

[24] A.A. Khorana, D. Yannicelli, K.R. McCrae, D. Milentijevic, C. Crivera, W.W. Nelson,
J.R. Schein, Evaluation of US prescription patterns: are treatment guidelines for
cancer-associated venous thromboembolism being followed? Thromb. Res. 145
(2016) 51–53, https://doi.org/10.1016/j.thromres.2016.07.013.

[25] A.H. Bryk, P. Mazur, J. Zdziarska, P. Kuczia, K. Plens, A. Leśniak-Sobelga,
E. Wypasek, A. Undas, Similar prevalence of platelet factor 4/heparin im-
munoglobulin G antibodies in patients following cardiac surgery and other patients
suspected of heparin-induced thrombocytopaenia, Kardiol. Pol. 76 (2018)
1372–1375, https://doi.org/10.5603/KP.2018.0184.

[26] H. Riess, C. Ay, R. Bauersachs, C. Becattini, J. Beyer-Westendorf, F. Cajfinger,
I. Chau, A.T. Cohen, A.A. Khorana, A. Maraveyas, M. Renni, A.M. Young, Use of
direct oral anticoagulants in patients with cancer: practical considerations for the
management of patients with nausea and vomiting, Oncologist. 23 (2018) 822–839,
https://doi.org/10.1634/theoncologist.2017-0473.

[27] B.S. Pignataro, K. Nishinari, R.N. Cavalcante, G. Centofanti, G. Yazbek, M. Krutman,

G.A.Z. Bomfim, I.Y.I. Fonseca, M.P. Teivelis, N. Wolosker, S.M. Sanches,
E. Ramacciotti, Oral rivaroxaban for the treatment of symptomatic venous throm-
boembolism in 400 patients with active cancer: a single-center experience, Clin.
Appl. Thromb. Hemost. 23 (2017) 883–887, https://doi.org/10.1177/
1076029616677800.

[28] S. Mantha, E. Laube, Y. Miao, D.M. Sarasohn, R. Parameswaran, S. Stefanik, G. Brar,
P. Samedy, J. Wills, S. Harnicar, G.A. Soff, Safe and effective use of rivaroxaban for
treatment of cancer-associated venous thromboembolic disease: a prospective co-
hort study, J. Thromb. Thrombolysis 43 (2017) 166–171, https://doi.org/10.1007/
s11239-016-1429-1.

[29] M.D. Nicklaus, S.L. Ludwig, J.K. Kettle, Recurrence of malignancy-associated ve-
nous thromboembolism among patients treated with rivaroxaban compared to en-
oxaparin, J. Oncol. Pharm. Pract. 24 (2018) 185–189, https://doi.org/10.1177/
1078155217690922.

[30] C.G. Kohn, G.H. Lyman, J. Beyer-Westendorf, A.C. Spyropoulos, T.J. Bunz,
W.L. Baker, D. Eriksson, A.K. Meinecke, C.I. Coleman, Effectiveness and safety of
rivaroxaban in patients with cancer-associated venous thrombosis, J. Natl. Compr.
Cancer Netw. 16 (2018) 491–497, https://doi.org/10.6004/jnccn.2018.7008.

[31] B. Simmons, W. Wysokinski, R.A. Saadiq, D. Bott-Kitslaar, S. Henkin, A. Casanegra,
C. Lenz, P. Daniels, H. Bjarnason, E. Vargas, D. Hodge, S.J. Holton, J.R. Cerhan,
C. Loprinzi, R. McBane, Efficacy and safety of rivaroxaban compared to enoxaparin
in treatment of cancer-associated venous thromboembolism, Eur. J. Haematol. 101
(2018) 136–142, https://doi.org/10.1111/ejh.13074.

[32] G. Agnelli, H.R. Buller, A. Cohen, A.S. Gallus, T.C. Lee, R. Pak, G.E. Raskob,
J.I. Weitz, T. Yamabe, Oral apixaban for the treatment of venous thromboembolism
in cancer patients: results from the AMPLIFY trial, J. Thromb. Haemost. 13 (2015)
2187–2191, https://doi.org/10.1111/jth.13153.

K. Stepien, et al. Vascular Pharmacology 120 (2019) 106567

6

https://doi.org/10.5555/uri:pii:S014067369592535X
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.20452/pamw.4287
https://doi.org/10.1016/j.thromres.2016.07.013
https://doi.org/10.5603/KP.2018.0184
https://doi.org/10.1634/theoncologist.2017-0473
https://doi.org/10.1177/1076029616677800
https://doi.org/10.1177/1076029616677800
https://doi.org/10.1007/s11239-016-1429-1
https://doi.org/10.1007/s11239-016-1429-1
https://doi.org/10.1177/1078155217690922
https://doi.org/10.1177/1078155217690922
https://doi.org/10.6004/jnccn.2018.7008
https://doi.org/10.1111/ejh.13074
https://doi.org/10.1111/jth.13153

	Extended treatment with non-vitamin K antagonist oral anticoagulants versus low-molecular-weight heparins in cancer patients following venous thromboembolism. A pilot study
	Introduction
	Material and methods
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Follow-up
	Multivariable analysis

	Discussion
	Conclusions
	Acknowledgements
	mk:H1_13
	Funding
	mk:H1_15
	mk:H1_16
	References




