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Rivaroxaban: An Affordable and Effective
Alternative in Cancer-Related
Thrombosis?

abstract

Background Venous thromboembolic events (VTEs) are common and potentially fatal complications in
cancer patients, and they are responsible for the second most common cause of death. Low molecular
weight heparin (LMWH) is the gold-standard treatment, but the costs involved limit its use, especially in
developing countries. Recently, the oral anticoagulant rivaroxaban, which directly inhibits factor Xa, was
approved for VTE treatment.

MethodsWeconducteda retrospective analysis from January2009 to February2014with patientswhohad
cancer andVTEwhowere receiving rivaroxaban.Wecompared theefficacy, safety, andcost of rivaroxaban
and low molecular weight heparin (LMWH) alone or followed by vitamin K antagonists.

Results Forty-one patients were identified, with a median age of 62.5 years. The most frequent tumor
histologywasadenocarcinoma (78%),whichwasmost often found in thecolon (26.8%).Most participants
had advanced disease and an implanted central venous catheter. Patients’ VTE risk-assessment scores
were low (12.5%), intermediate (50%), and high (35.5%). Pulmonary thromboembolism was reported in
41.4% of patients, but inferior limb thrombosis was reported only in 14.6%; 43.9% of patients received
enoxaparin before starting rivaroxaban. Rivaroxaban was used for a median time of 5.5 months. Nonmajor
bleeding was reported in 12.2% of patients, and rethrombosis was reported in 12.2%. In our study,
rivaroxaban was as safe and effective as enoxaparin/vitamin K antagonists (P = .54 and P = .25, re-
spectively) or LMWH (P = .46 and P = .29, respectively).

Conclusion Although our study was a retrospective analysis, our results suggest that in this cohort of
oncologic patients, rivaroxaban was safe and effective. Its oral route and lower cost make it an attractive
alternative to LMWH, improving management of patients with cancer in low-income countries. Additional
studies are necessary to confirm our data.
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INTRODUCTION

Cancer is an independent risk factor for venous
thromboembolic events (VTEs).1-3 The disease
has complex and multifactorial mechanisms that
result in the activation of blood coagulation, result-
ing in a hypercoagulable state that can lead to
chronic intravascular coagulation (Table 1).4 Tis-
sue factor activity in tumor cells can be enhanced
by expression of anionic phospholipids (tableau
for assembly of coagulant complexes) or hepar-
anase secreted by tumors (it releases tissue factor
pathway inhibitor from endothelial and tumor
cells).5-7 Tumor cells also modify vascular endo-
thelium by the secretion of proinflammatory
(eg, tumor necrosis factor-a and interleukin-1b),
proangiogenic (vascular endothelial growth fac-
tor), and fibroblast growth factors or by direct

adhesion.4 Activated neutrophils can carry tumor
cells across the endothelial barrier.4 Interactions
among tissue factor, thrombin, platelets, cancer
cells, endothelial cells, macrophages, and
smooth muscle cells promote angiogenesis, tu-
mor proliferation, and migration.4,8,9

Thromboembolic events are common and a po-
tentially fatal complication in cancer patients, cor-
responding to the second cause of death in these
patients and representing an independent mor-
tality risk factor.10,11 Chemotherapy may re-
sult in direct injury to the vascular endothelium,
loss of antithrombotic protection mechanisms,
increased levels of tissue factor, and secretion
of phosphatidylserine and tumor microparticles,
favoring hypercoagulability.12 However, cancer
patients are also more susceptible to bleeding
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complications, which have been verified in 10%of
solid tumors and more frequently in hematologic
malignancies.13

ASCO supports a predictive model for VTE in out-
patients undergoing chemotherapy.14,15 Estab-
lished thrombosis in cancer patients is usually
treated with low molecular weight heparin (LMWH).
ASCO guidelines (2013 to 2014) recommend
LMWH for the initial 5 to 10 days of treatment
of established deep vein thrombosis (DVT) and
pulmonary embolism, as well as for long-term sec-
ondary prophylaxis, for at least 6 months.15,16

In our practice, many cancer patients do not
adapt to treatment with vitamin K antagonist
(VKA). Dosing is affected by illness, changes in diet,
and numerous interactingmedications, and some
patients have difficulty adjusting the international
normalized ratio (INR) and attending to weekly
control of INR; many patients cannot afford long-
term treatment with LMWH. Therefore, some pa-
tients and some attending physicians opt to use
rivaroxaban.17 We searched PubMed using the
terms cancer, rivaroxaban, and Brazil, and found
no published studies on the use of rivaroxaban in
cancerpatients inBrazil. Theobjectiveof our study
was to evaluate the efficacy and safety of rivarox-
aban in oncologic patients with VTE.

METHODS

In this retrospective study, we reviewed the elec-
tronic medical records of 41 patients with cancer
treated at the Oncology Units of Hospital Sı́rio-
Libanês (Bela Vista and Brasilia) from January
2009 to February 2014. Case selection was per-
formed by two nurses who checked the elec-
tronic medical records of all scheduled patients
who were seen by the attending physicians on a
daily basis during the study period. They cross-

referenced the patients who had both active can-
cer and thrombosis and who were also receiving
rivaroxaban to make a consecutive list of patients
who fit the criteria. We then reviewed the medical
records and created a checklist with data about
the clinical, oncologic, epidemiologic, and treat-
ment features, as well as thrombotic risk assess-
ment and occurrence of adverse events (bleeding
and rethrombosis). The study was conducted
according to the Declaration of Helsinki and was
approved by a local ethics committee.

Inclusion criteria were age> 18 years; confirmed
diagnosis of active cancer; creatinine clearance
> 30 ml/min; diagnosis of new-onset VTE con-
firmedby imageexamination (Dopplerultrasound,
angiotomography, positron emission tomography-
computed tomography, or ventilation/perfusion
scintigraphy); and an intention to treat with rivar-
oxaban for at least 3 months. Patients who had
previously taken heparin were accepted. All par-
ticipants consecutively enrolled met eligibility cri-
teria, and none were excluded.

Outcomes were defined as rethrombosis and
major (life-threating, red cell transfusion require-
ment) and nonmajor bleeding during anticoagu-
lation with rivaroxaban. Efficacy was measured by
prevention of rethrombosis, and safety was de-
termined by the absence of bleeding.

We performed two-by-two contingency tables
(Table 2) on the basis of expected frequencies,
assuming that there was no association between
event and exposure, to compare our results with
previously published data (LMWH alone or fol-
lowed by VKA)18,19 with regard to efficacy (pre-
vention of rethrombosis) and safety (absence of
bleeding). We calculated relative risk (RR; [a/(a +
c)]/[b/(b + d)]), odds ratio (OR; [(a/c)/(b/d)]), and
P value by Pearson’s x2 test (Table 3). A P value
, .05 was considered statistically significant.

RESULTS

Patient characteristics are described in Tables 4,
5, and 6. There was a predominance of males
(51.2%), and the median age was 62.5 years
(range, 18 to 83 years). The most frequent can-
cer histology was adenocarcinoma (78%), and
the most frequent sites of disease were colon
(26.8%), pancreas (17.1%), breast (9.7%), and
lymph nodes (9.7%). Most patients had ad-
vanced disease (87.8%). Other thrombotic
risk factors were less common: immobilization
(19.5%), recent surgery (7.3%), obesity (2.4%),
diabetes (24.4%), hypertension (39%), dyslipide-
mia (9.8%), smoking (12.2%), active infection

Table 1 – Tumor Procoagulant Mechanisms

1. Constitutive expression of tissue factor

2. Some oncogenes induce tissue factor production by tumor cell

3. Expression of anionic phospholipids

4. Heparanase secretion (detachment of tissue factor pathway inhibitor)

5. Production of cancer procoagulant (direct activation of factor X)

6. Release of tumor membrane microparticles containing phosphatidylserine and/or
tissue factor

7. Expression of plasminogen activator inhibitors (fibrinolysis impairment)

8. Growth factor binds to fibrin (fibroblast growth factors, vascular endothelial growth
factor, and insulin-like growth factor; angiogenesis, tumor growth and spread)

9. Direct or indirect (cytokines and growth factors) injury to the endothelium

10. Platelet activation
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(2.4%), and hereditary thrombophilia (2.4%).
Only one patient with hereditary thrombophilia
had a history of thrombosis. Most patients had
an implanted central venous catheter (70.7%).
Catheter-associated VTE occurred in 41.4% of
these patients. Patients received therapy with
tamoxifen (2.4%), bevacizumab (17.1%), or plat-
inum (43.9%).

According to theASCOVTE risk-assessment score
for outpatients, patients were classified as low
(30%), intermediate (57.5%), or high (12.5%).
Most (. 90%) non–high-risk patients had another
VTE predisposing factor in addition to the cancer.
Pulmonary thromboembolism was reported in
41.4% of patients, although associated DVT was
detected in just 14.6%. Thrombosis of the upper
extremity, lower extremity, abdominal vein, and
superior cava vena was verified in 19.5%, 14.6%,
17.1%, and 12.2% of patients, respectively. Ar-
terial thrombosis was reported in four pa-
tients (9.8%).

Fifteen percent of patients developed thrombosis
before the cancer diagnosis, with a median time
between thrombosis and diagnosis of 9.5months.
Eighty-three percent of patients developed throm-
bosis at a median time of 7.4 months after the
diagnosis; 43.9% started treatment with LMWH,
which was used for a median time of 2.52 months
(range, 0.12 to 48.84 months) before starting
rivaroxaban. Rivaroxaban was used for a median
time of 5.5 months (range, 0.24 to 23.2 months).

The RR (95% CI) and OR for rethrombosis and
bleeding with rivaroxaban compared to enoxa-
parin/VKA were 1.71 (95% CI, 0.6804 to 4.3149)
and 1.81; and 0.77 (95% CI, 0.3244 to 1.8298)
and 0.73 (Table 3), respectively. In both cases,
the 95% CI interval for the RR included 1.0,
showing that we could not assume statistical sig-
nificance. In addition, closer values between RR
and OR suggested that the effects of treatment are

small and probably not statistically different. Mi-
nor bleeding occurred in 12.2% of patients, and
just one patient had moderate bleeding. In our
study, rivaroxaban was as safe as enoxaparin/VKA
(P = .25; Table 3). Rethrombosis also occurred
in 12.2% of patients during rivaroxaban treatment.
In our study, the efficacy of rivaroxaban was not
different from traditional enoxaparin/VKA (P = .54;
Table 3).

We also compared our data with a meta-analysis
that included up to five studies on the basis of
LMWH alone for treating cancer patients with
thrombosis.19 In the LMWH group, rates of re-
current VTE,major bleeding, andnonmajor bleed-
ing were 7.1%, 6.7%, and 16.5%, respectively.

Table 3 – Outcomes in Patients With Cancer: Rivaroxaban v Enoxaparin/VKA and Rivaroxaban v LMWH

Events

Current Study

Rivaroxaban

% (No.)

Historical Control

Enoxaparain/VKA18

% (No.) Relative Risk 95% CI Odds Ratio 95% CI P

Recurrent VTE 12.2 (5/41) 7.1 (20/281) 1.71 0.6804 to 4.3149 1.81 0.6406 to 5.1285 .54

Nonmajor bleeding + major bleeding 12.2 (5/41) 15.8 (44/278) 0.77 0.3244 to 1.8298 0.73 0.2746 to 1.9865 .25

Treatment Rivaroxaban LMWH19

Recurrent VTE 12.2 (5/41) 7.1 (42/591) 1.71 0.717 to 4.102 1.81 0.676 to 4.869 .23

Major bleeding 0 (0/41) 6.7 (37/556) 0 — 0 —— .08

Nonmajor bleeding 12.2 (5/41) 16.5 (92/556) 0.737 0.317 to 1.711 0.7 0.267 to 1.832 .47

Abbreviations: LMWH, low molecular weight heparin; VTEs, venous thromboembolic events.

Table 4 – Patient Characteristics: Epidemiology and
Histology

Characteristic No. (%)

Sex

Male 21 (51.2)

Female 20 (48.8)

Race

White 33 (80.5)

Black 2 (4.9)

Asian 0 (0.0)

Mixed 6 (14.6)

Age, years

Range 18-83

Median 62.5

Mean 69.6

Histology

Adenocarcinoma 32 (78.0)

Squamous cell carcinoma 4 (9.8)

Neuroendocrine carcinoma 1 (2.4)

Lymphoma 4 (9.8)
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Comparison of rivaroxaban (the present study)
with LMWH did not show a statistical difference
in recurrent VTE (P = .229), major bleeding
(P = .08), and nonmajor bleeding (P = .466)
in cancer patients with thrombosis (Table 3).

DISCUSSION

Venous thromboembolic disease is a major cause
of morbidity and mortality in patients with can-
cer.10 The risk of VTE recurrence is three times
greater in cancer patients, despite adequate anti-
coagulation, than in patients without cancer.20

Advanced disease progressively contributes to a
patient’s mobility restriction. In our study, ad-
vanced disease was common in cancer patients
with thrombosis (87.8%), and one fifth had poor
performance status (Eastern Cooperative Oncol-
ogy Group performance status > 3).

Moreover, some therapies, such as tamoxifen
(selective estrogen receptor modulator), beva-
cizumab (antiangiogenic agent, recombinant
humanized monoclonal antibody to vascular
endothelial growth factor), and platinum were
related to increased risk of thrombosis.21-23 In
our study, 2.4%, 17.1%, and 43.9% of patients
were treated with tamoxifen, bevacizumab, and
platinum, respectively.

VTE occurred most often in the lungs (pulmonary
thromboembolism without DVT, 26.8%), upper
extremity (19.5%), and abdominal veins (17.1%).
VTE can indicate an occult neoplasm. We found
that 15% of patients had developed DVT before
the diagnosis of cancer, with a median time of
9.5 months to the onset of the disease.

In our study, colon (26.8%), pancreas (17.1%),
and breast (9.7%) cancers and lymphomas
(9.7%) were the most prevalent tumors in this
population with thrombosis. Pancreatic cancer
and hematologic malignancies are traditionally
classified as having the highest VTE risk, along
with brain, stomach, ovarian, uterus, lung, and
kidney cancers.3,15 In our study, only 12.5% of
patients had a high VTE risk-assessment score for
chemotherapy-associated thrombosis, and in four
of five patients, primary thromboprophylaxis could
have been considered.14,16 However, for the ma-
jority of patients (87.5%), this score could not
predict VTE.

In three meta-analyses, short-term LMWH was
more effective than unfractionated heparin,23-25

and in the other five, the efficacy was equivalent.
LMWH was associated with less bleeding and
a significantly reduced mortality rate.23 Mainte-
nance with LMWH is recommended as the

Table 5 – Patient Characteristics: Risk Factors for Thrombosis

Characteristic No. (%)

Primary cancer

Oropharynx 2 (4.9)

Esophagus 1 (2.4)

Lung 1 (2.4)

Breast 4 (9.7)

Gastric 1 (2.4)

Duodenum 1 (2.4)

Biliary 2 (4.9)

Pancreas 7 (17.1)

Colon 11 (26.8)

Rectal 3 (7.3)

Anal 2 (4.9)

Lymphoma 4 (9.7)

Neuroendocrine 1 (2.4)

Advanced disease 36 (87.8)

Immobilization and/or ECOG PS > 3 8 (19.5)

Recent surgery (, 30 days) 3 (7.3)

CVC-related thrombosis 12 (29.3)*

Oral contraceptives 0 (0.0)

Hormone replacement therapy 0 (0.0)

Therapy

Tamoxifen 1 (2.4)

Bevacizumab 7 (17.1)

Platinum 18 (43.9)

Erythropoietin 0 (0.0)

Recent pregnancy (, 30 days) 0 (0.0)

Body mass index, kg/m2

. 40 0 (0.0)

. 35 1 (2.4)

Diabetes 10 (24.4)

Hypertension 16 (39.0)

Dyslipidemia 4 (9.8)

Smoking 5 (12.2)

Previous DVT 1 (2.4)

Active documented infection 1 (2.4)

COPD 0 (0.0)

CRF 0 (0.0)

Nephrotic syndrome 0 (0.0)

Heart failure 0 (0.0)

Known hereditary thrombophilia 1 (2.4)

Hemoglobin, 10 g/dl before chemotherapy 7 (17.1)

(Continued on following page)
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first choice in both International Society onThrom-
bosis and Haemostasis1 and ASCO guidelines.14

In our study, 43.9% of patients started treat-
ment with LMWH, with a median treatment
time of 2.52 months, a slightly shorter time than
the thrombosis acute phase (first 3 months).
After that, the anticoagulant was replaced with
rivaroxaban.

Rivaroxaban was the first, oral, direct factor Xa
inhibitor. It binds directly and reversibly to factor
Xa, inhibiting it competitively. It is 10,000 times
more selective for factor Xa than for other serine

proteases and requires no cofactors to exert its
anticoagulant effect. It inhibits both free and clot-
bound factor Xa, as well as prothrombinase activ-
ity, thus prolonging clotting times.26

Rivaroxaban was recently approved for the treat-
ment of VTE in the general population.27 A sub-
analysis of rivaroxaban use in patients with
cancer was recently published.18 In that study,27

patients with cancer were in the minority (4.7%),
and the control group did not include the gold
standard of LMWH alone. Therefore, we also
compared our data with a meta-analysis19 that
included up to five studies on the basis of LMWH
alone for treating thrombosis and cancer. In our
study, we found recurrence rates of 12.2% v
7.1% (LMWH/VKA18; P = .54) and 7.1%
(LMWH19; P = .23); no major bleeding was re-
ported, and nonmajor bleeding rates were 12.2%
v 15.8% LMWH/VKA18; P = .25) and 16.5%
(LMWH19; P = .47; Table 3). In our study, rivar-
oxabanwas used for amedian time of 5.5months
(0.24 to23.2months), and in56.1%ofpatients, it
was the first line of treatment, most probably
related to asymptomatic cases discovered on
routine image examinations.

In Brazil, the cost of induction treatment with
rivaroxaban 15 mg twice a day for 3 weeks,
followed by maintenance with rivaroxaban
20 mg/day for 147 days (6-month treatment)
is about R$1,210.9228 and is 16 times lower
than 6 months of treatment with enoxaparin
60 mg twice a day, which costs approximately
R$19,790.4028 (in a patient weighing 60 kg).
This is just 1.8 times28 more expensive than the
cost of using 5-day enoxaparin at 60 mg/twice
a day, followed by VKA 5 mg/day for 163 days
(6-month treatment). However, it has the fol-
lowing advantages: (1) oral route of adminis-
tration, (2) no need for dose adjustment on the
basis of weight or INR monitoring, and (3) no
diet restrictions.

In conclusion, it is understanding that rivaroxaban
is an alternative treatment for patients with malig-
nancy and VTE. It is cheaper and apparently not
inferior to LMWH and should be considered a
viable option, especially because the cost of
health care has grown substantially. Moreover, its
adverse-event profile is consistent with the data
published in larger trials. Our study had limitations
because it was a retrospective analysis; therefore,
randomized trials in patients with malignancy are
needed to confirm our findings.

DOI: 10.1200/JGO.2015.002527
Published online on jgo.org on June 22, 2016.

Table 5 – Patient Characteristics: Risk Factors for Thrombosis (Continued)

Characteristic No. (%)

Platelets . 350,000/mL before
chemotherapy

3 (7.3)

Leukocytes . 11,000/mL before
chemotherapy

1 (2.4)

Abbreviations: COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; CVC, central
venous catheter; DVT, deep vein thrombosis; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status.
*Twenty-nine patients (70.7%) had a CVC, of whom CVC-related DVT occurred in 41.4%.

Table 6 – Patient Characteristics: Site of Thrombosis and
Risk Score

Characteristics No. (%)

DVT site

Lower extremity 6 (14.6)

Upper extremity 8 (19.5)

Superior vena cava 5 (12.2)*

Abdominal vein 7 (17.1)

CNS 1 (2.4)

Other site 2 (4.9)

PTE without DVT 11 (26.8)

PTE with DVT 6 (14.6)

Arterial thrombosis 4 (9.8)

DVT preceded the diagnosis of cancer 6 (15.0)

Median, months† 9.5

DVT after the diagnosis of cancer 34 (82.9)

Median, months† 7.4

VTE risk-assessment score (24)‡

Low 12 (30.0)

Intermediate 23 (57.5)

High 5 (12.5)

Abbreviations: CNS, central nervous system; CVC, central venous
catheter; DVT, deep vein thrombosis; PTE, pulmonary thrombo-
embolism; VTE, venous thrombotic event.
*Three superior vena cava DVT were CVC-related.
†In one case, DVT was diagnosed concomitantly with cancer.
‡In one case, data were unavailable.
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