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Abstract Low-molecular weight heparin (LMWH) has
been the standard of care for treatment of venous thrombo-
embolism (VTE) in patients with cancer. Rivaroxaban was
approved in 2012 for the treatment of pulmonary embolism
(PE) and deep vein thrombosis (DVT), but no prior stud-
ies have been reported specifically evaluating the efficacy
and safety of rivaroxaban for cancer-associated thrombosis
(CAT). Under a Quality Assessment Initiative (QAI), we
established a Clinical Pathway to guide rivaroxaban use
for CAT and now report a validation analysis of our first
200 patients. A 200 patient cohort with CAT (PE or symp-
tomatic, proximal DVT), whose full course of anticoagu-
lation was with rivaroxaban, were accrued. In competing
risk analysis, primary endpoints at 6 months included new
or recurrent PE or symptomatic proximal lower extremity
DVT, major bleeding, clinically-relevant non-major bleed-
ing leading to discontinuation of rivaroxaban, or death.
In competing risk analysis, the 6 months cumulative inci-
dence of new or recurrent VTE was 4.4% (95% CI=1.4—
7.4%), major bleeding was 2.2% (95% CI=0-4.2%) and
all-cause mortality 17.6% (95% CI=11.7-23.0%). In this
cohort of 200 patients with active cancer and CAT the rates
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of new or recurrent VTE and major bleeding were compa-
rable to the cancer subgroup analysis from the EINSTEIN
studies. The results of our Clinical Pathway provide guid-
ance on Rivaroxaban use for treatment of CAT, and suggest
that safety and efficacy is preserved, compared with past-
published experience with LMWH.
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Introduction

Cancer and its treatment are commonly complicated by
venous thromboembolic (VTE) episodes, which remain
a leading cause of morbidity and mortality in the cancer
patient [1-3]. Management of cancer-associated throm-
bosis (CAT) remains problematic. Two randomized trials
showed superior efficacy of low-molecular weight heparin
(LMWH) to vitamin K antagonist (VKA) for management
of cancer-associated thrombosis (CAT), [4, 5] thus estab-
lishing LMWH therapy as the standard of care [6]. How-
ever, LMWH therapy requires uncomfortable injections on
a daily or twice daily basis, as well as substantial cost, even
for currently available generic forms [7].

Recently, several new direct oral anticoagulants
(DOAC’s) have become available for the treatment of VTE,
as well as for other anticoagulation indications [8—12].
Rivaroxaban is a direct inhibitor of activated coagulation
factor X and received approval in 2012 for treatment of
VTE, following the EINSTEIN-PE and EINSTEIN-DVT
trials [8—12]. The EINSTEIN trials compared rivaroxaban
with a VKA in a general medical population, demonstrat-
ing non-inferiority of efficacy and significant reduction in
major bleeding [8—12]. However, the EINSTEIN trials do
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not provide sufficient guidance for use of rivaroxaban in
CAT. The control arm in EINSTEIN was a VKA, no longer
considered standard of care for CAT. Secondly, only about
5% of the patients in EINSTEIN had active cancer, and the
nature and severity of those cancer subgroups may not be
truly representative of the broader cancer population. Lastly,
the EINSTEIN trials did not address the specific situations
that arise during the course of cancer therapy such as tran-
sient thrombocytopenia, possible absorption and excretion
defects, and interruptions for invasive procedures.

It is premature to extrapolate the EINSTEIN results to the
general cancer population. This leaves a “knowledge gap,”
where rivaroxaban is approved for treatment of VTE, but
there has not been sufficient guidance on safe and effective
use in the CAT specific population. To address this knowl-
edge gap, the Hematology/Anticoagulation Management
Service at Memorial Sloan Kettering Cancer Center, in con-
sultation with expert pharmacists and published literature,
derived a Clinical Pathway for rivaroxaban at the end of
2013. The Clinical Pathway addresses issues specific to the
cancer population, including potential absorption defects,
excretory organ function, drug interactions, thrombocyto-
penia, and bleeding risk. We now report on an initial 200
patient cohort with CAT, managed with the Clinical Path-
way, conducted under an institutional Quality Assessment
Initiative (QAI).

Materials and methods
Clinical pathway

The Clinical Pathway (Appendix 1) was devised by the
authors (SM, SH, and GAS) and served as a guide for treat-
ment of venous thromboembolic events (VTE) with riva-
roxaban within Memorial Sloan Kettering (MSK). The
Pathway largely reflected the FDA approved medication
guide, but also accounted for anticipated situations arising
within the course of cancer care. The usual starting dose was
15 mg orally twice daily for 3 weeks followed by 20 mg
daily. For cancer patients aged 75 years or older the dose
was reduced to 10 mg twice daily for 3 weeks followed by
15 mg daily based on an anticipated decrease in drug clear-
ance for this demographic group.

Several relative contra-indications were established as
part of the Clinical Pathway. Creatinine clearance <30 mL/
min, liver function tests greater than three times the upper
limit of normal, expected malabsorption at the level of the
stomach or small bowel, active genitourinary (GU) or gas-
trointestinal (GI) lesions, untreated primary central nervous
system neoplasm, a body weight <50 or >150 kg, the use
of any antiplatelet agent other than aspirin 81 mg daily
and any significant drug interaction all constituted relative

contraindications to the use of rivaroxaban. A platelet count
of 50,000/mcL or less, but >25,000/mcL led to a dose
reduction, while the drug was held for a platelet count below
25,000/mcL. Some patients were treated with rivaroxaban
despite relative contraindications. All patients who received
rivaroxaban for CAT were included in the cohort analysis,
regardless of compliance with the Clinical Pathway.

Patients and outcomes

This project was conducted as an MSK Quality Assessment
Initiative. The pre-specified goal was to track an initial cohort
of 200 patients with cancer-associated pulmonary embolism
(PE) or symptomatic proximal deep vein thrombosis (DVT),
with a plan for at least 6 months of rivaroxaban treatment.
Within this initiative, all patients who have had a rivaroxa-
ban order on or after January 1, 2014 are entered in the data-
base. The electronic medical record (EMR) is examined on
all patients for cancer type, stage, initial thrombosis or other
anticoagulation indication, and rivaroxaban dose and timing.
We identified the initial 200 patients who had sustained an
acute cancer-associated PE or symptomatic, proximal DVT
and had been started on rivaroxaban for this indication. A
VTE was deemed cancer-associated if the patient had active
cancer, was receiving cancer-directed medical or radiation
therapy, or the thrombotic episode had occurred within 30
days of cancer-related surgery. We included patients who had
received up to 3 days of a parenteral anticoagulant as initial
treatment prior to change to rivaroxaban. Patients with local-
ized squamous cell carcinoma or basal cell carcinoma of
the skin were not included in this cohort analysis. All study
patients were followed at MSK after their initial diagnosis of
CAT, even though they have received some of their cancer
treatment locally as well. Patients who left MSK before the
end of the 6-month mandatory observation period were cen-
sored as of the time of their last visit with us, or last available
medical record from outside provider.

All clinical notes were reviewed by a combination of
automated text search and review by an investigator, to
detect bleeding or thrombotic episodes. The list of keywords
is provided in Appendix 2. All clinical notes containing any
keyword were first identified by an automated text search
then reviewed by a physician (SM, GAS or EL). Outside
medical records were read manually. Endpoints of interest
included recurrent VTE (definition derived from the one
used in the CLOT trial [4]), major bleeding (as defined by the
International Society on Thrombosis and Haemostasis [13]),
clinically-relevant non-major bleeding (CRNMB) leading to
discontinuation of rivaroxaban, and death from any cause.

The R statistical software platform was used along with
the TM package to process the clinical notes. All-cause
mortality was also assessed based on the EMR. The date of
transfer to hospice for terminal care was entered as the date
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of death due to difficulties assessing outcomes after such a
change in plan of care.

The endpoint assessment on the 200-patient cohort was
conducted when the final patient reached an endpoint or had
been observed for at least 6 months.

Statistical analysis

We initially conducted univariate analysis in order to assess
the characteristics of cohort members along with time-to-
event information based on the cumulative incidence for
competing risks. Recurrent VTE, major bleeding, CRNMB
leading to discontinuation of rivaroxaban and death from
any cause were considered competing risks for the purpose
of the analysis. The R 3.2.3 for Windows software platform
was used, along with the Survival package.

Results

Recruitment started on January 1, 2014. The first and last
individuals to enter the cohort did so on January 25, 2014
and May 19, 2015 respectively. Patient characteristics are
shown in Table 1, including the distribution of cancer types.
The core cohort consisted of 200 patients, of whom 136 had
sustained a PE (with or without DVT) and 64 had experi-
enced a symptomatic, proximal lower extremity DVT as the
index event. 183 patients had a solid tumor and 17 patients
had a hematological malignancy. Stage was advanced for
most cohort members, with 23 cases of stage III and 142
cases of metastatic disease for solid tumors (excluding brain
primary). The mean age was 63 years, with 40 % of patients
being male.

Primary endpoints

As of November 17, 2015 all patients in the cohort either had
sustained an endpoint, had been observed at least 6 months on
anticoagulation, or were censored as of the time of their last
visit at MSK if they transferred their cancer care to another
institution. No patient was lost to followup. At the 6 months
time-point, the EMR was queried for clinical notes and the
algorithm described above was applied in order to detect per-
tinent thrombotic and bleeding episodes. In the first 6 months
of treatment, there were eight cases of recurrent VTE, four
cases of major bleeding, seven cases of CRNMB leading to
discontinuation of rivaroxaban and 31 deaths.

We reviewed the last notes and death notification for
all 31 deceased individuals. In 24 cases, patients had been
transferred to hospice, at which point rivaroxaban is usu-
ally discontinued and scant data exists about the cause of
death. For the seven individuals who did not die under hos-
pice care, a review of the record did not reveal any notion of
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Table 1 Characteristics of patients

Characteristic N
Gender
Male 80
Female 120
Event type
PE, with or without DVT 136
Proximal, symptomatic lower extremity DVT 64

Cancer stage (of solid tumors, excluding brain)

0

1

2

3 23
4 142

Cancer types

Pancreas 34
Gynecological 26
Lung 23
Breast 22
Genitourinary/prostate 21
Colorectal 18
Hematological 17
Stomach/esophagus 6
Other 33

PE pulmonary embolism, DV'T deep vein thrombosis

sudden death or major bleeding. The records recorded deaths
as “cancer-related” in 19 cases and “unknown” in all other
instances. Other notable events, not included as primary end-
points, included four instances of tumor associated visceral
vein thrombosis, one left hepatic vein thrombosis, and one
ischemic stroke in patients on rivaroxaban. Eight patients
had their dose of rivaroxaban decreased following the occur-
rence of an episode of CRNMB. Of these, there was one fur-
ther major bleed and one CRNMB leading to discontinuation
of rivaroxaban on the reduced dose. The 6-month cumulative
incidence estimates for competing endpoints were; recurrent
VTE, 4.4% (95% CI=1.4-7.4%); major bleeding, 2.2%
(95% CI=0-4.2%); CRNMB leading to discontinuation of
rivaroxaban, 3.8 % (95 % CI=1.0—6.5%); all-cause mortal-
ity, 17.6% (95 % CI=11.7-23.0%). The plots for the cumu-
lative incidence functions are shown in Fig. 1.

We performed a subgroup analysis of the 39 patients aged
75 years or older. The 6-month cumulative incidence values
for recurrent VTE, major bleeding, and CRNMB leading
to discontinuation were 5.3 % (95% CI=0-12.1%), 2.6%
(95% CI=0-7.4%) and 3.0% (95 % CI=0-8.7 %) respec-
tively. These results were comparable to those of patients
under the age of 75 years.

A total of 27 patients went off rivaroxaban prior to
reaching a primary endpoint or 6 months of planned
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Fig. 1 Cumulative incidence for competing risks

anticoagulation. The drug was stopped due to an upcom-
ing surgical procedure in eight cases (and not restarted), for
a medical reason in 18 cases, and following the patient’s
wishes in one case. Slightly more than half of patients (105
individuals) were observed for the full 6 months, with an
observation time range of 4-182 days for the whole cohort.

Additional events
Invasive procedures
There were 70 invasive procedures during the rivaroxaban

treatment period (Table 2). In 59 procedures rivaroxaban
was held for at least 48 h, and in six procedures it was held

for 24 h. Rivaroxaban was not held in four cases: one was
a diagnostic endoscopy, and three were emergency proce-
dures. Documentation of rivaroxaban management was
unclear in one additional case.

No major bleeding episode occurred during the interrup-
tion of rivaroxaban, within 7 days of the procedure. Only
one patient developed a recurrent VTE following interrup-
tion for a procedure. That patient was a 52-year-old woman
with stage IV ovarian cancer who had multiple discontinu-
ations of rivaroxaban for debulking surgery and subsequent
abscess drainages. Three days after an abscess drainage,
prior to restarting rivaroxaban, she developed a symptom-
atic popliteal vein DVT. Of note, this patient was heterozy-
gous for both factor V Leiden and prothrombin G20210A,
with a history of multiple thromboses prior to her cancer,
and therefore was at particularly high risk for VTE.

Thrombocytopenia

There were 11 episodes of thrombocytopenia (platelets
<50,000/mcL) in ten patients (Table 2). Rivaroxaban was
held in seven episodes, and dose-reduced in one episode.
In three episodes rivaroxaban dose was not adjusted, two
of those cases only a single platelet count below 50,000/
mcL and one patient had already been on reduced dose of
rivaroxaban. There was no MB, CRNMB leading to drug
discontinuation, death or recurrent VTE associated with an
episode of thrombocytopenia.

Renal insufficiency

Transient renal insufficiency, as defined by a creatinine
clearance of <30 mL/min (using Cockroft—Gault equation
[14]) was observed in seven episodes in five patients during
rivaroxaban treatment (Table 2). Rivaroxaban dose was held
in two episodes, and not altered in five episodes. None of the
patients experienced a major bleed, CRNMB, or recurrent
VTE event within 7 days of such an episode.

Table 2 Management of rivaroxaban anticoagulation in the setting of thrombocytopenia, renal insufficiency, liver dysfunction and invasive pro-

cedures
Episodes of rivaroxaban interruption/ Rivaroxaban Rivaroxa- No change Major CRNMB* Recurrent Death
dose adjustments dose-reduced  banheld  in dosage bleeding VTE or
hospice

Platelet count <50,000/mcL (N=11) 1 7 3 0 0 0 0
Creatinine clearance <30 mL/min (N=7) 0 5 0 0 0 1
Elevated liver enzymes (AST, ALT or bilirubin 0 12 0 1 0 1

>3 X upper limit of normal) (N=18)
Interventions® (N =70) 0 65 4 0 0 1 3

%CRNMB leading to discontinuation of Rivaroxaban

°The exact management approach is unknown in the case of one intervention
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Elevated liver enzymes

There were 18 episodes of elevated liver enzymes (aspar-
tate transaminase, alanine transaminase or bilirubin >3
times the upper limit of normal) in 14 patients (Table 2).
Rivaroxaban dose was held through six episodes and not
modified in 12 episodes. One patient experienced CRNMB,
which led to discontinuation of rivaroxaban. No patient
experienced a MB or recurrent VTE event within 7 days of
such an episode.

Discussion

This is the first reported prospective cohort study of rivar-
oxaban therapy, specifically targeting CAT. In this cohort of
200 patients with active cancer and a new VTE episode, riva-
roxaban use was found to be safe and effective when using a
Clinical Pathway which accounts for situations specific to the
oncology setting. Acknowledging differences in methodology,
the risk of recurrent VTE and major bleeding in our cohort with
rivaroxaban compared well with results from prior randomized
trials using a LMWH for treatment of cancer-associated VTE.
In two published trials of dalteparin, at 6 months the risk of
recurrent VTE was 8.7 and 9% and the risk of major bleeding
was 6 and 10.2% [4, 15]. In regards to this prior evidence base,
78 % of patients with a solid tumor in our cohort had metastatic
disease versus 67 % for the CLOT study [4]. This suggests that
patients in our group had a similar if not worst cancer comor-
bidity status compared to that of the CLOT trial.

Two recent papers have reported cancer subgroup analy-
sis of rivaroxaban and apixaban for treatment of VTE. Prins
and colleagues reported cancer subgroup analysis of the
EINSTEIN studies of rivaroxaban for treatment of VTE,
indicating similar rates of recurrent VTE (5%) and major
bleeding (2 %) to our new findings [16]. And more recently,
Agnelli and colleagues performed a cancer subgroup anal-
ysis of treatment of VTE with apixaban in the AMPLIFY
study, also showing comparable rates of recurrent VTE and
major bleeding [17]. But both of those studies encompassed
general medical populations with VTE, and the cancer sub-
groups were not the primary focus, and likely did not repre-
sent the full spectrum of cancer stages.

Our Clinical Pathway and cohort study of rivaroxaban
for CAT only allow for indirect comparison with the past
CLOT and DALTECAN studies of LMWH. But there does
not appear to be evidence of loss of safety or efficacy by use
of rivaroxaban for treatment of cancer associated VTE. And
our all-cause mortality at 6 months of 17.6% was lower
than in the LMWH studies [4, 15]. We do not claim from our
study that rivaroxaban is associated with superior mortality,
compared with LMWH, but at least there is no evidence of
an inferior cancer outcome.
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This cohort study also provides some guidance regarding
the anticipated confounding situations that frequently arise
in the cancer setting, including interruption for procedure,
thrombocytopenia, and transient organ dysfunction. Further,
our empirical decision to dose-reduce in the elderly was
associated with comparable bleeding rates with the over-
all population and was not associated with a trend towards
significant loss of efficacy. Further support for the Clinical
Pathway will require expansion of the number of patients
treated under these guidelines.

The non-randomized nature of our cohort, which allowed
patients and caregivers to choose between rivaroxaban and
enoxaparin, could in theory result in selection bias. How-
ever this would be unlikely given the small numbers of indi-
viduals who were treated with a LMWH at our institution
during the period of this cohort study. The primary reason
patients were not treated with rivaroxaban was the presence
of an active GU or GI tract lesion, which we estimated was
<5% of patients with a new cancer-associated thrombosis,
so we do not believe this issue is of material importance for
external validity.

This QAI was undertaken to provide guidance on the
safety and efficacy of treatment of cancer-associated VTE
with rivaroxaban. As we acknowledged, there has been a
knowledge gap in this niche, where rivaroxaban has been
approved for use, but there have been no prospective ran-
domized studies directly comparing rivaroxaban to LMWH.
As such, our objective was to develop and prospectively
validate a Clinical Pathway for this situation, providing
guidance and reassurance to the providers and patients who
have been faced with the burdensome alternative of the cost
and inconvenience of LMWH.

Given the small sample size and non-randomized nature
of this study, further investigation will be required to estab-
lish the safety, efficacy and comparability to a LMWH, the
current standard of care. However, there are hurdles before
such a clinical trial might be successfully performed. One
major issue would be reluctance of patients to participate,
given that the oral agent has already been approved for the
treatment of VTE in the general population. Until the results
of such a direct comparison become available, our data pro-
vide reassurance for the use of rivaroxaban in the setting of
CAT.

Acknowledgments This research was funded in part through the
NIH/NCI Cancer Center Support Grant P30 CA008748 and Janssen
Scientific Affairs, LLC.

Author contributions S. Mantha: participated in conceiving the
study, performing statistical analysis, interpreting the results and writ-
ing the manuscript. E. Laube: contributed to analyzing the data and
reviewing the manuscript. Y. Miao: contributed to analyzing the data
and reviewing the manuscript. D. M. Sarasohn: participated in conceiv-
ing the study and obtaining the data. R. Parameswaran: participated in
conceiving the study. S. Stefanik: participated in obtaining the data.



Safe and effective use of rivaroxaban for treatment of cancer-associated venous thromboembolic disease:... 171

G. Brar: participated in obtaining the data. P. Samedy: participated in
conceiving the study and obtaining the data. J. Wills: participated in
conceiving the study and obtaining the data. Stephen Harnicar: con-
tributed to development of the Clinical Pathway, specifically regarding
possible drug interactions. G. A. Soff: participated in conceiving the
study, interpreting the results and writing the manuscript.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://cre-
ativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH
(2007) Thromboembolism is a leading cause of death in cancer
patients receiving outpatient chemotherapy. J Thromb Haemost
5(3):632-634. doi:10.1111/1.1538-7836.2007.02374.x

2. Khorana AA, Dalal M, Lin J, Connolly GC (2013) Incidence and
predictors of venous thromboembolism (VTE) among ambula-
tory high-risk cancer patients undergoing chemotherapy in the
United States. Cancer 119(3):648—655. doi:10.1002/cncr.27772

3. Khorana AA, Carrier M, Garcia DA, Lee AY (2016) Guidance for
the prevention and treatment of cancer-associated venous throm-
boembolism. J Thromb Thrombolysis 41(1):81-91. doi:10.1007/
$11239-015-1313-4

4. Lee AY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M,
Rickles FR, Julian JA, Haley S, Kovacs MJ, Gent M, Random-
ized Comparison of Low-Molecular-Weight Heparin versus Oral
Anticoagulant Therapy for the Prevention of Recurrent Venous
Thromboembolism in Patients with Cancer Investigators (2003)
Low-molecular-weight heparin versus a coumarin for the preven-
tion of recurrent venous thromboembolism in patients with can-
cer. N Engl J Med 349 (2):146—153. doi:10.1056/NEJMo0a025313

5. Hull RD, Pineo GF, Brant RF, Mah AF, Burke N, Dear R, Wong
T, Cook R, Solymoss S, Poon MC, Raskob G, LITE Trial Inves-
tigators (2006) Long-term low-molecular-weight heparin versus
usual care in proximal-vein thrombosis patients with cancer. Am
J Med 119(12):1062-1072. doi:10.1016/j.amjmed.2006.02.022

6. Lee AY, Peterson EA (2013) Treatment of cancer-associ-
ated thrombosis. Blood 122(14):2310-2317. doi:10.1182/
blood-2013-04-460162

7. 2016 ASP Drug Pricing Files http://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSale
sPrice/2016ASPFiles.html. Accessed 2 Dec 2016

8. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S,
Eriksson H, Baanstra D, Schnee J, Goldhaber SZ, RE-COVER
Study Group (2009) Dabigatran versus warfarin in the treatment

10.

11.

12.

13.

14.

15.

16.

17.

of acute venous thromboembolism. N Engl J Med 361 (24):2342—
2352. doi:10.1056/NEJM0a0906598

EINSTEIN Investigators, 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, Schel-
long S (2010) Oral rivaroxaban for symptomatic venous throm-
boembolism. N Engl J Med 363(26):2499-2510. doi:10.1056/
NEJMoal007903

EINSTEIN-PE Investigators, 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 (2012) Oral rivaroxaban for the treatment of symp-
tomatic pulmonary embolism. N Engl J Med 366(14):1287-1297.
doi:10.1056/NEJMoall13572

Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson
M, Masiukiewicz U, Pak R, Thompson J, Raskob GE, Weitz JI
(2013) Oral apixaban for the treatment of acute venous throm-
boembolism. N Engl J Med 369(9):799-808. doi:10.1056/
NEJMoal302507

Hokusai VTEI, Buller HR, Decousus H, Grosso MA, Mercuri M,
Middeldorp S, Prins MH, Raskob GE, Schellong SM, Schwocho
L, Segers A, Shi M, Verhamme P, Wells P (2013) Edoxaban ver-
sus warfarin for the treatment of symptomatic venous throm-
boembolism. N Engl J Med 369(15):1406-1415. doi:10.1056/
NEJMoal306638

Schulman S, Kearon C, Subcommittee on Control of Anticoag-
ulation of the Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis (2005)
Definition of major bleeding in clinical investigations of antihe-
mostatic medicinal products in non-surgical patients. J] Thromb
Haemost 3(4):692—694. doi:10.1111/j.1538-7836.2005.01204.x
Cockeroft DW, Gault MH (1976) Prediction of creatinine clear-
ance from serum creatinine. Nephron 16(1):31-41

Francis CW, Kessler CM, Goldhaber SZ, Kovacs MJ, Monreal
M, Huisman MV, Bergqvist D, Turpie AG, Ortel TL, Spyropoulos
AC, Pabinger I, Kakkar AK (2015) Treatment of venous thrombo-
embolism in cancer patients with dalteparin for up to 12 months:
the DALTECAN Study. J Thromb Haemost 13(6):1028—-1035.
doi:10.1111/jth.12923

Prins MH, Lensing AW, Bauersachs R, van Bellen B, Bouname-
aux H, Brighton TA, Cohen AT, Davidson BL, Decousus H,
Raskob GE, Berkowitz SD, Wells PS, EINSTEIN Investigators
(2013) Oral rivaroxaban versus standard therapy for the treat-
ment of symptomatic venous thromboembolism: a pooled analy-
sis of the EINSTEIN-DVT and PE randomized studies. Thromb J
11(1):21. doi:10.1186/1477-9560-11-21

Agnelli G, Buller HR, Cohen A, Gallus AS, Lee TC, Pak R, Ras-
kob GE, Weitz JI, Yamabe T (2015) Oral apixaban for the treat-
ment of venous thromboembolism in cancer patients: results
from the AMPLIFY trial. ] Thromb Haemost 13(12):2187-2191.
doi:10.1111/jth.13153

@ Springer


http://dx.doi.org/10.1056/NEJMoa0906598
http://dx.doi.org/10.1056/NEJMoa1007903
http://dx.doi.org/10.1056/NEJMoa1007903
http://dx.doi.org/10.1056/NEJMoa1113572
http://dx.doi.org/10.1056/NEJMoa1302507
http://dx.doi.org/10.1056/NEJMoa1302507
http://dx.doi.org/10.1056/NEJMoa1306638
http://dx.doi.org/10.1056/NEJMoa1306638
http://dx.doi.org/10.1111/j.1538-7836.2005.01204.x
http://dx.doi.org/10.1111/jth.12923
http://dx.doi.org/10.1186/1477-9560-11-21
http://dx.doi.org/10.1111/jth.13153
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1111/j.1538-7836.2007.02374.x
http://dx.doi.org/10.1002/cncr.27772
http://dx.doi.org/10.1007/s11239-015-1313-4
http://dx.doi.org/10.1007/s11239-015-1313-4
http://dx.doi.org/10.1056/NEJMoa025313
http://dx.doi.org/10.1016/j.amjmed.2006.02.022
http://dx.doi.org/10.1182/blood-2013-04-460162
http://dx.doi.org/10.1182/blood-2013-04-460162
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2016ASPFiles.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2016ASPFiles.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2016ASPFiles.html

	﻿Safe and effective use of rivaroxaban for treatment of cancer-associated venous thromboembolic disease: a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Clinical pathway
	﻿Patients and outcomes
	﻿Statistical analysis

	﻿Results
	﻿Primary endpoints

	﻿Additional events
	﻿Invasive procedures
	﻿Thrombocytopenia
	﻿Renal insufficiency
	﻿Elevated liver enzymes

	﻿Discussion
	﻿References


