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Abstract Background This study primarily evaluates the risk of recurrent venous thromboembo-
lism (VTE) andmajor bleeding (MB) among patients with VTE and active cancer prescribed
apixaban, low-molecular-weight heparin (LMWH), or warfarin, with claims data.
Methods Four U.S. commercial insurance claims databases were used to identify
patients with VTE and active cancer who initiated apixaban, LMWH, or warfarin within
30 days following the first VTE event. Stabilized inverse-probability treatment weight-
ing (IPTW) was used to balance treatment cohorts. Cox proportional hazard models
were used to evaluate risk of recurrent VTE and MB.
Results All eligibility criteria were fulfilled by 3,393 apixaban, 6,108 LMWH, and 4,585
warfarin patients. After IPTW, all patient characteristicswerebalanced.When the follow-up
was censored at 6months, apixaban patients had a lower risk of recurrent VTE (hazard ratio
[HR]: 0.61; 95% confidence interval [CI]: 0.47–0.81) and MB (HR: 0.63; 95% CI: 0.47–0.86)
versus LMWH. Apixaban patients had a lower risk of recurrent VTE (HR: 0.68; 95% CI:
0.52–0.90) and similar risk of MB (HR: 0.73; 95% CI: 0.53–1.00) versus warfarin. Warfarin
patients had a similar risk of recurrent VTE (HR: 0.91; 95%CI: 0.72–1.15) andMB (HR: 0.87;
95%CI: 0.68–1.12) versus LMWH. The trendswere similar for theentire follow-up; however,
apixaban patients had a lower risk of MB versus warfarin patients.
Conclusion Patients with VTE and active cancer who initiated apixaban had a lower
risk of recurrent VTE and MB compared with LMWH patients. Apixaban patients also
had a lower risk of recurrent VTE compared with warfarin patients.
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Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT) or pulmonary embolism (PE), is a
leading cause of death in cancer patients receiving chemo-
therapy.1 Cancer is an independent risk factor for VTE,
accounting for 18% of the total VTE cases, and it is the
strongest predictor for all-cause and PE-related mortality
in VTE.2,3 The risk of VTE depends on patient character-
istics such as age, cancer stage, type of malignancy, and
cancer treatment.4,5 Cancer treatments such as cancer
surgery and radiation therapy were found to be associated
with VTE.6,7 Breast, lung, colon, and prostate cancers
contribute the most to the burden of active cancer-associ-
ated VTE.8 Cancer-associated VTE carries a significantly
greater risk of recurrent VTE and major bleeding (MB)
compared with VTE in noncancer patients.9,10 Given the
risk of recurrent VTE following the initial 3 months of
anticoagulant therapy, patients with VTE and active cancer
usually require �6 months of anticoagulation treatment
and should be considered for extended treatment until the
cancer is cured or quiescent in those who do not have a
high bleeding risk.11,12

Treating VTE patients with cancer is challenging due to an
increased riskofbleedingassociatedwithanticoagulantuseand
potential cancer treatment complications such as drug–drug
interactions.10,13 The recent National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines in Oncology
(NCCN Guidelines) and International Society on Thrombosis
and Haemostasis (ISTH) Scientific and Standardization Com-
mittee recommend the use of LMWH, edoxaban, and rivarox-
aban for the treatment of cancer-associated VTE.14,15 The
American Society of Clinical Oncology suggests the use of
LMWH for�6months in VTE cancer patients and recommends
the use of indefinite anticoagulation therapy among active
cancer patients, such as those with metastatic disease and
those receiving chemotherapy.16 The European Society of Car-
diology recommends similar considerations for the treatment
of PE in cancer patients.12 Despite the recommendation to use
LMWHandspecificdirect-actingoral anticoagulants (DOACs) in
VTE patients with cancer, real-world data show that warfarin
and a variety of DOACs are being used in practice to treat these
patients.17 Clinical trials and real-world studies have assessed
DOACs including rivaroxaban and edoxaban versus LMWH for
the treatment of cancer-associated VTE.18–20 However, there is
limited evidence for apixaban in VTE cancer patients. CARA-
VAGGIO, a recently completed multinational prospective, ran-
domized, open-label, blinded endpoint (PROBE), noninferiority
study found that apixabanwas noninferior to dalteparin for the
treatmentofcancer-associatedVTEwithout an increased riskof
MB.21TheADAMtrial of 300 randomizedpatients reported that
apixaban was associated with low rates of bleeding and VTE
recurrence compared with dalteparin in treating cancer-asso-
ciated VTE.22 Despite these clinical trials, there is a lack of real-
world evidence comparing the effectiveness and safety of
LMWHwithvitaminKantagonists (VKAs) and apixabanamong
patients with VTE and active cancer. Using four U.S. claims
databases, this study compared the risk of recurrent VTE, MB,

and clinically relevant nonmajor (CRNM) bleeding among
patients with VTE and active cancer who newly initiated
apixaban, LMWH, or warfarin in routine clinical practice.

Methods

Data Source and Patient Selection
Data on this study were pooled from four U.S. commercial
claims databases: the IBM MarketScan Commercial Claims
and Encounter and Medicare Supplemental and Coordina-
tion of Benefits Database (MarketScan), IQVIA PharMetrics
Plus (PharMetrics), Optum Clinformatics DataMart (Optum),
and the Humana Research Database (Humana). These data-
bases contain medical and pharmacy claims for commercial
and Medicare populations in the United States. The medical
claims are coded using International Classification of
Disease, Ninth Revision, Clinical Modification (ICD-9-CM),
ICD-10-CM (implemented October 01, 2015), Current Proce-
dural Terminology, or Health Care Common Procedure
Coding System codes, and the National Drug Code coding
system was used for the pharmacy claims. This study was
registered at the EU Post Authorization Study register http://
www.encepp.eu/encepp/studiesDatabase.jsp (EU PAS regis-
tration number: EUPAS25308).

Patient selection criteria are described in►Fig. 1. Patients
with �1 medical claim for VTE in the inpatient or outpatient
setting (“index VTE event”) from September 01, 2014 to the
end of the study period (identification period) and a diagno-
sis for active cancer (defined as having�2medical claims for
cancer diagnosis [exclude nonmelanoma skin cancer] or 1
claim for cancer diagnosis plus�1 claim for cancer treatment
[e.g., chemotherapy, radiation, immunotherapy, cancer-re-
lated surgery] within the time period 6 months before until
30 days after the index VTE event)were identified. The end of
study was different for each database based on the last
available at the time of analysis (MarketScan: March 01,
2014–June 30, 2017; Optum & Humana: March 01, 2014–
December 31, 2017; PharMetrics:March 01, 2014–March 31,
2018). Adult patients (aged �18 years) with �1 pharmacy
claim for apixaban, LMWH, or warfarin within 30 days
following the index VTE event were classified into the
following cohorts:

• LMWH Cohort: If VTE patients had LMWH for �14 days
after the index VTE event and did not have another
anticoagulant during the period between the index VTE
event and 14 days after LMWH initiation, then the first
LMWH prescription date was designated as the index
date.

• Warfarin Cohort: For VTE patients with a warfarin claim
within 30 days after the index VTE event and without a
claim for any other anticoagulant (except for LMWH as a
bridging therapy) between the index VTE event and the
warfarin initiation date, the first warfarin prescription
date was designated as the index date. The LMWH bridg-
ing therapy was defined as having a claim for LMWH
within 14 days before or after warfarin initiation and
LMWH duration of �14 days.
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• Apixaban Cohort: For VTE patients who initiated apixaban
within 30 days after the index VTE event and did not have
a claim for anyother anticoagulant between the indexVTE
event and the initiation of apixaban, the first apixaban
prescription date was designated as the index date.

Patients were also required to have continuous health
plan enrollment for 6months prior to the index VTE event as

well as during the time between the index VTE event and the
index date. The baseline period was defined as 6 months
prior to the index date (inclusive of the index date). Patients
were excluded from the study if they had any evidence of
atrial fibrillation/flutter or a mechanical heart valve within
6 months prior to the index date, diagnosis of VTE, oral
anticoagulant (OAC)/parenteral anticoagulant (PAC) use
(unless the therapy was administered prophylactically)

Fig. 1 Patient selection criteria. LMWH, low-molecular-weight heparin; OAC, oral anticoagulant; PAC, parenteral anticoagulant; VTE, venous
thromboembolism. aIdentification period: (MarketScan: September 01, 2014–June 30, 2017; Optum & Humana: September 01, 2014–
December 31, 2017; PharMetrics: September 01, 2014–March 31, 2018).
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during the 6 months preceding the index VTE event, did not
have outpatient OAC/PAC during the period between the
index VTE event and index date, did not have another
OAC/PAC on the index date, or evidence of inferior vena
cava filter/pregnancy anytime during the study period.
Among patients who had LMWH as bridging therapy before
warfarin initiation, patients who had a recurrent VTE or MB
event (defined in the outcomes below) between LMWH and
warfarin initiation were excluded.

Patients were followed from the day after the index date
throughtheearliestof thefollowing:healthplandisenrollment,
death, index therapy discontinuation, switch to a nonindex
OAC/PAC, or study end. Analyses were first conducted by
censoring patients at 6 months of follow-up. Additional analy-
ses were conducted using the entire follow-up period. Discon-
tinuation was defined as no evidence of the index apixaban,
LMWH,orwarfarin prescription for 30 days fromthe last dayof
supply of the last filled prescription.23 The date of discontinua-
tion was defined as 30 days after the last day of the last filled
prescription’sdays’ supply. Switchwasdefinedasaprescription
foranOACother than the indexOACprescriptionwithin30days
before or after the last days’ supply of the index OAC prescrip-
tion.24 For the warfarin cohort, a LMWH claim was allowed
within 14 days after the index date if the days of supply for
LMWHwere�14days, as LMWHwasconsidered tobebridging
therapy for warfarin in this case.

Outcome Measures
Treatment patterns that were evaluated included persis-
tence, discontinuation, and switch. Persistence (in days)
was defined as the number of days the patient remained
on the index drug with a gap of �30 days between the run-
out date of the previous prescription and the following
prescription. Patients who were persistent included those
whowere neither discontinued nor switched the index drug.
Percentage of patients whowere persistent, discontinued, or
switched the index drug was evaluated. Riskof nonpersistent
(discontinued or switched) was also examined.

Outcome measures were recurrent VTE, MB, and CRNM
bleeding. Recurrent VTE andMB events were identified based
on inpatientclaimswithVTEorMBas thefirst-listeddiagnosis.
The ICD diagnosis codes (not blood tests) used to identify
recurrent VTE have been validated in previous studies with a
positive predictive value ranging from 26 to 93%.25,26 If
the admissions for recurrent VTE occurred within 7 days of
the index VTE event, irrespective of care setting, the events
were not considered as recurrent VTE events due to the
proximity tothe indexVTEevent.MBincludedgastrointestinal
(GI) bleeding, intracranial hemorrhage (ICH), and bleeding at
other sites (genitourinary bleeding, respiratory tract bleeding,
ocular bleeding, joint bleeding/hemarthrosis, transfusion of
blood and blood components, other bleeding, or no bleeding
site specified). A CRNM bleeding event was defined as a
noncritical sitebleeding thatdidnotqualifyasMBbut required
either hospitalization with the bleeding as a secondary diag-
nosis or an outpatient visit (including emergency department
visits). Specifically, itwasdefinedas (1) an inpatient admission
with a secondary diagnosis for “noncritical site” bleeding such

as GI bleeding or other selected noncritical types/sites of
bleeding (excluded if MB occurred during the same hospitali-
zation), or (2) an outpatient encounter with a diagnosis code
for GI bleeding and other selected noncritical types/sites of
bleeding. CRNM bleeding events that followed a MB event
were not included in the analysis of CRNM bleeding. All the
clinical outcomes were measured independently; patients
were censored upon recurrent VTE, MB, or CRNM bleeding
events for the respective analysis. Outcomes and treatment
patternswere assessed first by censoring patients at 6months
of follow-up and then using the entire follow-up period.

Patient demographics, clinical characteristics (baseline
comorbidities and medications), VTE-related variables, can-
cer site and type, VTE risk scale, and cancer-related treat-
ment were measured during the baseline period. A modified
Khorana VTE risk scale (based on ICD codes and not blood
tests) was used to evaluate the proportion of patients with
very high risk (brain, stomach, or pancreas cancer), high risk
(lung, lymphoma, gynecologic, bladder, testicular, or renal
cell carcinoma cancer), or other cancers.27

Statistical Methods
Inverse-probability treatment weighting (IPTW) was used to
balance patient characteristics between apixaban, LMWH, and
warfarin cohorts.28 Propensity scores were used to obtain
estimates of the average treatment effect using a multinomial
logistic model with the three treatment cohorts and LMWH
patients as the reference (i.e., control cohort). Covariates in-
cluding demographics, type of VTE diagnosis, VTE etiology
(provoked vs. unprovoked), modified Charlson comorbidity
index (CCI) score (did not include cancer),29 comorbidities,
medication use, cancermetastases, modified Khorana VTE risk
scale, and cancer-related treatment were used to define the
probability of a patient receiving a certain treatment. After
the propensity score calculation, each patient wasweighted by
the inverse of the probability of their treatment option (weight
¼1/propensity score). Theweightswere stabilizedbymultiply-
ing the original weights with a constant, which is equal to the
expected value of being in the treatment or comparison
cohorts, respectively.30–32 The baseline characteristics were
well balanced in each of the four databases after IPTW, and
patients were pooled from the four databases for further
analysis.

After IPTW, incidence rates of recurrent VTE, MB, and
CRNM bleeding were calculated as the number of events per
100 person-years among the weighted population. The risk
of recurrent VTE, MB, and CRNM bleeding in each weighted
cohort was evaluated using a Cox proportional hazardmodel
and Kaplan–Meier (KM) survival curves. The cohort was
included as an independent variable, and no covariates
were included in the models as they were balanced. All the
analyses were conducted first by censoring the follow-up at
6 months and then using the entire follow-up.

Results

After applying the selection criteria, a total of 14,086 patients
with VTE and active cancer were identified, including 3,393
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(24.1%) apixabanpatients, 6,108 (43.4%) LMWHpatients, and
4,585 (32.5%) warfarin patients in the pooled analysis
(►Fig. 1). Before IPTW, warfarin patients were older and
had the highest baseline CCI followed by apixaban and
LMWH (►Supplementary Table S1 [available in the online
version]). A total of 9.5%, 20.6%, and 9.6% of apixaban, LMWH,
and warfarin patients, respectively, were categorized as
having very high risk cancer types. Most LMWH patients
(88.7%) received cancer-related treatment, as did warfarin
(63.6%) and apixaban (68.4%) initiators (►Supplementary

Table S1, available in the online version). After
applying IPTW, all patient characteristics were balanced
(►Supplementary Table S2 [available in the online version]).
In the weighted population, approximately 34% of patients
had history of baseline bleed, 51% hadmetastatic cancer, and
63% received chemotherapy during the baseline period
(►Table 1). Further, 15% had very high risk cancer and 40%
had high-risk cancer.

Treatment Patterns
Among the IPTW-weighted cohorts, apixaban had the
highest persistence when the follow-up was censored at

6 months, followed by warfarin and LMWH (►Fig. 2).
Apixaban (hazard ratio [HR]: 0.52; 95% confidence interval
[CI]: 0.48–0.56) and warfarin (HR: 0.60; 95% CI: 0.56–0.64)
patients had a lower risk of nonpersistence compared with
LMWH patients when the follow-up was censored at
6 months (►Supplementary Table S3 [available in the
online version]). Additionally, apixaban patients also had
a lower risk of nonpersistence compared with warfarin
patients (HR: 0.87; 95% CI: 0.80–0.94). Similar trends
were seen when the entire follow-up was used
(►Supplementary Table S3 [available in the online
version]).

Clinical Outcomes Censoring Follow-Up at 6 Months
In the IPTW population, the mean follow-up was 105 days
(3.5 months), 88 days (2.9 months), and 113 days (3.8
months) for apixaban, LMWH, and warfarin, respectively,
when patients censored at 6 months of follow-up. The
adjusted incidence rate of recurrent VTE was 15.8 (apix-
aban), 28.8 (LMWH), and 22.2 (warfarin) per 100 person-
years. The adjusted incidence rate of MB—including GI, ICH,
and other bleeding—was 11.8 (apixaban), 20.1 (LMWH),

Table 1 IPTW-weighted patient characteristics among VTE cancer patients prescribed apixaban, LMWH, or warfarin

LMWH cohort
(reference)

Warfarin cohort Apixaban cohort

N/mean %/SD N/mean %/SD STDa N/mean %/SD STDa

Sample size 6,108 4,585 3,393

Ageb 63.7 13.2 64.2 12.9 3.5 64.6 12.6 7.1

18–54 1,247 20.4% 967 21.1% 1.7 660 19.4% 2.4

55–64 1,970 32.3% 1,475 32.2% 0.2 1,105 32.6% 0.7

65–74 1,531 25.1% 1,139 24.9% 0.5 875 25.8% 1.7

75–79 636 10.4% 462 10.1% 1.1 353 10.4% 0.1

� 80 723 11.8% 541 11.8% 0.1 400 11.8% 0.1

Genderc

Male 2,869 47.0% 2,171 47.3% 0.7 1,621 47.8% 1.6

Female 3,237 53.0% 2,412 52.6% 0.8 1,772 52.2% 1.6

Setting of index VTE event

Inpatient 3,017 49.4% 2,313 50.4% 2.1 1,679 49.5% 0.2

Outpatient 3,091 50.6% 2,272 49.6% 2.1 1,714 50.5% 0.2

VTE diagnosis

DVT only 3,605 59.0% 2,643 57.6% 2.8 1,938 57.1% 3.9

PE with or without DVT 2,503 41.0% 1,942 42.4% 2.8 1,455 42.9% 3.9

Baseline comorbidity

Deyo–Charlson comorbidity indexd 2.0 2.1 1.9 2.0 1.9 2.0 2.0 0.5

Central venous catheter 1,790 29.3% 1,314 28.7% 1.4 985 29.0% 0.6

Cerebrovascular disease 712 11.7% 528 11.5% 0.5 391 11.5% 0.4

Coagulation defects 894 14.6% 657 14.3% 0.9 503 14.8% 0.6

Ischemic heart/coronary artery disease 1,182 19.3% 888 19.4% 0.0 667 19.7% 0.8

Dyspepsia or stomach discomfort 2,205 36.1% 1,629 35.5% 1.2 1,222 36.0% 0.2

(Continued)
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Table 1 (Continued)

LMWH cohort
(reference)

Warfarin cohort Apixaban cohort

N/mean %/SD N/mean %/SD STDa N/mean %/SD STDa

Hemiplegia or paraplegia 171 2.8% 126 2.8% 0.3 93 2.7% 0.4

Hyperlipidemia 2,424 39.7% 1,864 40.6% 2.0 1,391 41.0% 2.7

Obesity 1,118 18.3% 843 18.4% 0.2 615 18.1% 0.5

Pneumonia 1,040 17.0% 791 17.2% 0.6 586 17.3% 0.7

Sleep apnea 593 9.7% 460 10.0% 1.1 365 10.8% 3.5

Thrombophilia 328 5.4% 268 5.9% 2.1 210 6.2% 3.5

Congestive heart failure 676 11.1% 511 11.1% 0.3 366 10.8% 0.9

Diabetes 1,637 26.8% 1,219 26.6% 0.5 907 26.7% 0.2

Hypertension 3,834 62.8% 2,860 62.4% 0.8 2,170 64.0% 2.5

Liver disease 1,334 21.8% 968 21.1% 1.8 770 22.7% 2.0

Chronic obstructive pulmonary disease 1,253 20.5% 913 19.9% 1.5 667 19.7% 2.2

Baseline any bleed 2,088 34.2% 1,575 34.3% 0.3 1,132 33.4% 1.8

Recent history of falls 259 4.2% 176 3.8% 2.1 147 4.3% 0.5

Fracture/trauma involving lower extremities 530 8.7% 364 7.9% 2.7 288 8.5% 0.7

Selected surgeries 2,966 48.6% 2,105 45.9% 5.3 1,586 46.7% 3.7

Cancer metastasise 3,172 51.9% 2,344 51.1% 1.6 1,727 50.9% 2.1

Cancer typee,f

Hematological 992 16.2% 749 16.3% 0.3 543 16.0% 0.7

Nonhematological 5,116 83.8% 3,830 83.5% 0.6 2,846 83.9% 0.3

VTE risk scalee

Very high riskg 921 15.1% 708 15.4% 1.0 518 15.3% 0.5

High riskh 2,502 41.0% 1,849 40.3% 1.3 1,343 39.6% 2.8

Other cancers 2,685 44.0% 2,028 44.2% 0.6 1,532 45.2% 2.4

Cancer-related treatmente

Number of patients that had
cancer-related treatment
during the baseline period until
30 days after the index date

4,722 77.3% 3,494 76.2% 2.6 2,560 75.4% 4.4

Chemotherapy 3,895 63.8% 2,889 63.0% 1.6 2,139 63.0% 1.5

Hormone therapy 364 6.0% 270 5.9% 0.3 201 5.9% 0.2

Immunotherapy 125 2.0% 94 2.0% 0.0 64 1.9% 1.3

Radiation 2197 36.0% 1638 35.7% 0.5 1,180 34.8% 2.5

Cancer-related surgery 775 12.7% 611 13.3% 1.9 430 12.7% 0.1

Abbreviations: DVT, deep vein thrombosis; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; SD, standard deviation; STD,
standardized difference; VTE, venous thromboembolism.
aSTD¼ 100� |actual STD|. STD> 10.00 is considered significant.
bAfter applying weights, the values for age category were not whole numbers; therefore, due to rounding the sum of patients does not equal 100%.
cSome patients in Optum and PharMetrics data have missing information on gender. Hence, the sum of male and female is not equal to 100%.
dA modified comorbidity index was used which included myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular
disease, dementia, rheumatologic disease, peptic ulcer disease, mild liver disease, diabetes, diabetes w/ complications, hemiplegia or paraplegia,
renal disease, moderate or severe liver disease, and acquired immune deficiency syndrome.

eCancer-related variables will be measured 6 months prior to the index date until 30 days after the index date.
fThe sum of hematological and nonhematological cancer was not equal to 100% since a very small number of patients had a cancer diagnosis at
month 6 before the index VTE event (month 7 before the index date) and not captured in the baseline period.
gVery high risk (brain, stomach, and pancreas).
hHigh risk (lung, lymphoma, gynecologic, bladder, testicular, and renal cell carcinoma).
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and 15.7 (warfarin) per 100 person-years when the follow-
up was censored at 6 months. The KM curves for cumula-
tive incidence rates for recurrent VTE, MB, and CRNM
bleeding censoring the follow-up at 6 months and the
entire follow-up in the weighted population are shown
in ►Fig. 3.

Compared with LMWH, apixaban had a lower risk of
recurrent VTE (HR: 0.61; 95% CI: 0.47–0.81), MB (HR: 0.63;
95% CI: 0.47–0.86), and CRNM bleeding (HR: 0.81; 95% CI:
0.70–0.94; ►Fig. 4). Warfarin patients had a similar risk of
recurrent VTE (HR: 0.91; 95% CI: 0.72–1.15), MB (HR: 0.87;
95% CI: 0.68–1.12), and CRNM bleeding (HR: 0.90; 95% CI:
0.79–1.04) compared with LMWH patients. Apixaban
patients had a lower risk of recurrent VTE (HR: 0.68; 95%
CI: 0.52–0.90) but a similar risk of MB (HR: 0.73; 95% CI:
0.53–1.00) and CRNM bleeding (HR: 0.89; 95% CI: 0.77–1.04)
compared with warfarin patients (►Fig. 4).

Clinical Outcomes during the Entire Follow-up
When the entire available follow-up was evaluated in the
IPTW-weighted population, the mean follow-up was
137 days (4.6 months), 105 days (3.5 months), and
166 days (5.5 months) for the apixaban, LMWH, and
warfarin cohorts, respectively. The maximum length of

follow-up was approximately 3 years for apixaban and
LMWH and 3.3 years for warfarin. ►Fig. 3 shows the KM
curves for cumulative incidence rates for recurrent VTE,
MB, and CRNM bleeding over the entire follow-up period.
Findings when using the entire follow-up period were
generally consistent compared with the outcomes when
follow-up was censored at 6 months (►Fig. 5). One
difference is that apixaban patients had a significantly
lower risk of MB (HR: 0.72; 95% CI: 0.55–0.95) compared
with warfarin patients during the entire follow-up
(►Fig. 5).

Discussion

This study, pooling four large US commercial claims data-
bases, demonstrated that in treatment of patients with
cancer-associated VTE apixaban was associated with sig-
nificantly lower risks of recurrent VTE, MB, and CRNM
bleeding compared with LMWH. Additionally, apixaban
was associated with a lower risk of recurrent VTE com-
pared with warfarin initiators. Warfarin was associated
with similar risks of recurrent VTE, MB, and CRNM bleed-
ing compared with LMWH patients. Findings were consis-
tent when the follow-up was censored at 6 months and

Fig. 2 Treatment patterns among VTE cancer patients initiated apixaban, LMWH, and warfarin in the IPTW-weighted population censoring follow-up at
6months. IPTW, inverseprobabilityof treatmentweighing; LMWH, low-molecular-weightheparin;UFH,unfractionatedheparin;VTE, venousthromboembolism.
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when the entire follow-up was used to evaluate the
outcomes.

The clinical guidelines, until very recently, had recom-
mended primarily the use of LMWH for the first 6 months
for the treatment of VTE in cancer patients. Despite the
recommendation, LMWH remains underutilized. In a
review of published surveys, registries, and observational
studies, only 50% of patients were treated with LMWH for
cancer-associated VTE.33 Additionally, a real-world study
among commercially insured patients showed that 50% of
the cancer patients who developed VTE used warfarin, 40%
used LMWH, and approximately 10% used DOACs or
fondaparinux.17 The study also reported that during the
6 months of observation, 44% of LMWH patients and 28% of
warfarin patients switched to other anticoagulants.17 In our
study, a higher proportion of LMWH (21.4%) patients
switched their index treatment compared with apixaban
(5.7%) and warfarin (16.5%) patients. Nonadherence to
clinical guidelines could be due to the inconvenience
associated with the use of LMWH, risk of bleeding, reluc-

tance to impose daily injections on fragile patients, and
personal preference.31,34 DOACs, on the other hand, offer
quick onset of action, higher bioavailability, and shorter
half-lives compared with warfarin; additionally, rivaroxa-
ban and apixaban do not require concomitant LMWH
therapy.35,36

The choice of anticoagulation among VTE cancer
patients is based on a balance between the risk of bleeding
and of VTE recurrence. The recommendation to use LMWH
as the standard-of-care treatment among VTE patients
with cancer is based on clinical trials that compared
LMWH to VKAs for the initial management of cancer-
associated VTE.37–39 In the LITE trial, tinzaparin was
associated with a lower rate of recurrent VTE and a similar
rate of MB compared with VKA.35 In the CATCH trial, once-
daily tinzaparin was associated with a similar risk of
recurrent VTE and MB, and a lower risk of CRNM bleeding
compared with warfarin patients who bridged therapy
with tinzaparin.36 In the CLOT trial, dalteparin had a
significantly lower risk of recurrent VTE and a similar

Fig. 3 (A) Cumulative incidence of recurrent VTE among VTE cancer patients prescribed apixaban, LMWH, or warfarin in the IPTW-weighted
population censoring follow-up at 6months or during the entire follow-up (insert). (B) Cumulative incidence of major bleeding among VTE cancer
patients prescribed apixaban, LMWH, or warfarin in the IPTW-weighted population censoring follow-up at 6 months or during the entire follow-
up (insert). (C) Cumulative incidence of CRNM bleeding among VTE cancer patients prescribed apixaban, LMWH, or warfarin in the IPTW-
weighted population censoring follow-up at 6 months or during the entire follow-up (insert). CRNM, clinically relevant nonmajor (bleeding);
IPTW, inverse probability weighting; LMWH, low-molecular-weight heparin; VTE, venous thromboembolism.
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risk of bleeding compared with oral anticoagulation (war-
farin LMWH bridging therapy).37 While these clinical trials
provide important information about the efficacy and
safety of LMWH versus VKA in VTE cancer patients, the
current study offers complementary evidence about the
effects of PACs and OACs in routine clinical practice.

The last decade has seen an emergence of DOACs for the
treatment of VTE. Clinical trials have demonstrated the
effectiveness and safety of DOACs such as rivaroxaban and
edoxaban in comparison to LWMH for VTE patients with
cancer.18,40 A meta-analysis of randomized control trials
comparing the efficacy and safety of DOACs (apixaban,
dabigatran, edoxaban, rivaroxaban) with conventional
therapy (heparin/VKA) in patients with VTE and mainly
inactive cancer reported that recurrent VTE (3.9 vs. 6.0%)
and MB (3.2 vs. 4.2%) were similar between the two
groups.41 Another meta-analysis found that DOACs signif-
icantly reduced the risk of recurrent VTE by 35% compared
with LMWH.42 However, DOACs were associated with a

70% increase in the risk of MB compared with LMWH.40

There is limited evidence in the literature regarding the
use of apixaban among VTE cancer patients. In the ADAM
trial, which studied 300 cancer patients with VTE, apix-
aban was associated with very low rates of recurrent VTE
and MB compared with dalteparin.22 The CARAVAGGIO
study was the largest randomized controlled trial of a
DOAC compared with LMWH; it found that apixaban was
noninferior (recurrent VTE, HR: 0.63; 95% CI: 0.37–1.07;
p< 0.001 for noninferiority) to dalteparin for the treat-
ment of cancer-associated VTE without an increased risk
of MB (HR: 0.82; 95% CI: 0.40–1.69; p¼ 0.60), and, nota-
bly, there was no increase in major GI bleeding (HR: 1.05;
95% CI: 0.44–2.50).21 Compared with the CARAVAGGIO
study, this claims database analysis included a larger
sample size and showed generally consistent trends for
apixaban versus LMWH on recurrent VTE and MB. The
current analysis provides complementary information to
CARAVAGGIO. This combined evidence may help inform

Fig. 4 Incidence rates and hazard ratios of recurrent VTE, major bleeding, and CRNM bleeding among VTE cancer patients prescribed apixaban,
LMWH, or warfarin in the IPTW-weighted population censoring follow-up at 6 months. CI, confidence interval; CRNM, clinically relevant
nonmajor bleeding; GI, gastrointestinal; ICH, intracranial hemorrhage; LMWH, low–molecular-weight heparin; VTE, venous thromboembolism.
aRecurrent VTE was defined by first-listed diagnosis in the inpatient setting, excluding admissions that occurred within 7 days of the index VTE
encounter. bMajor bleeding was defined by first-listed diagnosis in the inpatient setting and includes GI bleeding, ICH, and major bleeding at
other sites. cCRNM bleeding includes GI bleeding and CRNM bleeding at other sites. CRNM bleeding followed by major bleeding was excluded
from the analysis.
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the shared decision-making process for the treatment of
VTE among cancer patients.

Other retrospective observational studies comparing
LMWH to OACs have also been conducted. A retrospective
study using the electronic medical records of adult
patients with cancer-related VTE reported similar risks
of recurrent VTE and MB among patients who initiated
DOACs versus LMWH.43 Another retrospective study
conducted in a clinical setting that compared apixaban,
enoxaparin, and rivaroxaban among patients with cancer-
associated VTE reported that the risk of recurrent VTE and
MB was similar across apixaban, enoxaparin, and rivarox-
aban.44 Additionally, rivaroxaban was associated with an
increased risk of CRNM bleeding compared with apixaban
and enoxaparin.44

The use of LMWH remains challenging due to its risk-to-
benefit ratio, cost, and inconvenience of use. This study

found that apixaban had a significantly better effectiveness
and safety profile compared with LMWH in patients with
VTE and active cancer. Effectiveness and safety of anti-
coagulation treatment also depend on the risk stratification
for VTE at the time of cancer diagnosis, which may play an
important role in the assessment of the risk-to-benefit ratio
among VTE cancer patients.45,46 Therefore, further studies
are needed to evaluate the clinical outcomes of anticoagu-
lation treatment among VTE cancer patients at high risk of
recurrent VTE.

Limitations

As with all retrospective claims analyses, only associations—
rather than causation—can be inferred from this study, and
the results should be interpreted accordingly. The definition
of recurrent VTE was based on inpatient claims with a

Fig. 5 Incidence rates and hazard ratios of recurrent VTE, major bleeding, and CRNM bleeding among VTE cancer patients prescribed apixaban,
LMWH, or warfarin in the IPTW-weighted population during the entire follow-up. CI, confidence interval; CRNM, clinically relevant nonmajor
bleeding; GI, gastrointestinal; ICH, intracranial hemorrhage; LMWH, low-molecular-weight heparin; VTE, venous thromboembolism. aRecurrent
VTE was defined by first-listed diagnosis in the inpatient setting, excluding admissions that occurred within 7 days of the index VTE encounter.
bMajor bleeding was defined by first-listed diagnosis in the inpatient setting and includes GI bleeding, ICH, and major bleeding at other sites.
cCRNM bleeding includes GI bleeding and CRNM bleeding at other sites. CRNM bleeding followed by major bleeding was excluded from the
analysis.
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primary (first-listed) ICD-9/10-CM diagnosis code for VTE
(DVT or PE) with a positive predictive value ranging from 26
to 93%, but this did not exclude patientswith a VTEwhowere
hospitalized for other reasons. Moreover, the presence of a
diagnosis code on amedical claimmay not indicate a positive
presence of recurrent VTE or any disease, as the diagnosis
code may be incorrectly coded or included as rule-out
criteria rather than actual disease. Given the lack of clinical
information in claims data, clinically adjudicated recurrent
VTE diagnoses, cancer stage, laboratory test results (such as
international normalized ratio values and serum creatinine/
creatinine clearance levels), and biomarkers (such as body
weight) were not available. As the data were from U.S.
commercial databases, results may not be generalizable to
other populations. Duplicates were not excluded from the
pooled database. However, prior literature reported only
0.5% duplicates between two databases.47 Hence, they
should not impact the study results. Transfusion codes
were one criterion used to identify MB, which could have
resulted in overestimation of MB since cancer patients are
likely to receive transfusions for other reasons. However, the
codes have been derived from a validated MB definition
which had a positive predictive value of �89%.48 Since
hemoglobin values were not known and significant hemo-
globin drop cannot be identified from the databases, MB
could have been underestimated. The algorithm and ICD
codes used to identify CRNM bleeding have not been validat-
ed in the literature. However, the definition used in this
claims data analysis attempted to follow the definition
suggested by theISTH.49Nonetheless, proportions of patients
with CRNM bleeding may be under- or overreported in the
present study due to misclassification. Among patients who
bridged therapy, those who had a recurrent VTE or MB event
between the time of LMWH and warfarin initiation were
excluded. However, only 52 patientswere excluded using the
above criteria and hence this exclusion should not impact the
overall study results. The commercial databases do not have
complete death information for the patients; hence,we could
not evaluate mortality and fatal recurrent VTE among this
population, and mortality may be a competing risk in this
population. Medications prescribed during hospitalization
could not be identified in the commercial databases. Finally,
the results may not be generalizable to the entire U.S. VTE
cancer population, since uninsured patients or patients with
governmental insurances such as Medicare, Medicaid, and
Veterans Affairs were not evaluated.

Conclusion

This is the largest retrospective claims database study
comparing apixaban, LMWH, and warfarin among patients
with VTE and active cancer. Apixaban was found to be
associated with lower risks of recurrent VTE, MB, and
CRNM bleeding compared with LMWH. Apixaban was
also associated with a lower risk of recurrent VTE compared
with warfarin. Warfarin was associated with similar risks of
recurrent VTE, MB, and CRNM bleeding compared with
LMWH patients. Together with randomized controlled trial

data, this study may be helpful for clinicians in evaluating
different anticoagulation treatments for patients with VTE
and active cancer.

What is known about this topic?

• Venous thromboembolism (VTE) is a leading cause of
death in cancer patients receiving cancer therapy.

• Treating VTE patients with cancer is challenging due to
an increased risk of recurrences and bleeding associ-
ated with anticoagulant use as well as potential drug–
drug interactions.

• There is a lack of real-world evidence comparing the
effectiveness and safety of low-molecular-weight hep-
arin (LMWH) with warfarin or direct-acting oral anti-
coagulants (DOACs) such as apixaban among patients
with VTE and active cancer.

What does this paper add?

• This study evaluates the risk of recurrent VTE, major
bleeding (MB), and clinically relevant nonmajor
(CRNM) bleeding among patients with VTE and active
cancer prescribed apixaban, LMWH, or warfarin.

• Patients with VTE and active cancer who initiated
apixaban had a significantly lower risk of recurrent
VTE, MB, and CRNM bleeding compared with LMWH
patients.

• Apixaban patients also had a lower risk of recurrent
VTE compared with warfarin patients.
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