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Abstract

Background: Direct oral anticoagulants (DOACs), namely rivaroxaban, apixaban, da-
bigatran, and edoxaban, are now included together with warfarin as standards of care
for the primary treatment of venous thromboembolism (VTE). The extent to which
the DOACs have been adopted since receiving US Food and Drug Administration
(FDA) approval is unknown.

Objective: To document temporal trends in oral anticoagulant (OAC) prescriptions
among anticoagulant-naive patients initiating OACs for VTE primary treatment in the
United States and to report participant characteristics by OAC prescribed for the
year 2017.

Methods: MarketScan databases for years 2012 through 2017 were used to identify
VTE cases and comorbidities using International Classification of Diseases codes and
prescriptions for OACs via outpatient pharmaceutical claims data.

Results: The 137 203 VTE cases were on average (+ standard deviation) 56.7 +
16.0 years old and 49.9% female. Warfarin was prescribed to 98.7% of VTE pa-
tients receiving an OAC in quarter 1 (January through March) of 2012. By quarter
4 (October through December) of 2017, warfarin was prescribed to 17.5%, while
rivaroxaban was prescribed to 42.7%, apixaban to 38.6%, dabigatran to 1.3%, and
edoxaban to <0.1%. In 2017, the comorbidity burden was highest among patients
prescribed warfarin, intermediate among patients prescribed apixaban, and lowest
among patients prescribed rivaroxaban.

Conclusions: Rivaroxaban and apixaban use to treat VTE has increased dramatically
since receiving FDA approval, whereas warfarin use has plummeted. Dabigatran and
edoxaban are infrequently prescribed. Given widespread usage of rivaroxaban and
apixaban, there is a need for continued monitoring of the comparative effectiveness

of these OAC therapies in real-world settings.
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Essentials

e Trends in adoption of direct oral anticoagulants for venous thromboembolism (VTE) treatment are not documented.

e VTE cases were identified from a large US administrative data source for the years 2012 to 2017.
e Warfarin was prescribed to 98.7% in quarter 1 of 2012 but only 17.5% in quarter 4 of 2017.
e By quarter 4 of 2017, 42.7% of VTE patients were prescribed rivaroxaban and 38.6% apixaban.

1 | INTRODUCTION

Over 1 million Americans annually experience venous thrombo-
embolism (VTE), which consists of both deep vein thrombosis and
pulmonary embolism. After decades in which vitamin K antagonists
(warfarin in the United States) were the mainstay for primary treat-
ment of VTE, options have expanded with the advent and regula-
tory approval of several direct oral anticoagulants (DOACs) to treat
VTE.'® Rivaroxaban received US Food and Drug Administration
(FDA) approval for VTE primary treatment on November 2, 2012;
dabigatran on April 7, 2014; apixaban on August 21, 2014; and
edoxaban on January 8, 2015. Guidelines from the American
College of Chest Physicians (ACCP) suggest the initiation of
DOACs over vitamin K antagonists for the primary treatment (first
3-6 months after initial event) of VTE in patients without cancer or
kidney disease.”

It is widely assumed that DOAC use has increased dramatically,
given advantages of DOACs over warfarin (eg, no need for routine
laboratory monitoring, fewer food and drug interactions, no need for
parenteral heparin bridging with apixaban and rivaroxaban) and their
endorsement by the ACCP. However, this trend has not yet been
documented in the US population. Herein, we describe temporal
trends for the time period from 2012 to 2017, in oral anticoagulant
(OAC) prescriptions to anticoagulant-naive patients initiating OACs
for VTE primary treatment. We also describe, for the year 2017, VTE

patient characteristics according to OAC prescribed.

2 | METHODS

The present analysis used IBM MarketScan Commercial Claims
and Encounter and Medicare Supplemental and Coordination of
Benefits databases from 2012 through 2017. The databases con-
tain individual-level, deidentified, Health Insurance Portability and
Accountability Act-compliant health care claims information from US
employers, health plans, hospitals, and Medicare programs. In 2016,
MarketScan databases contained health care data for >43.6 million
covered individuals.® Data on all enrollment records and inpatient,
outpatient, ancillary, and drug claims are collected and are linked

via individual-level identifiers. Missing from this database are in-
dividuals with no insurance and those with only Medicare Part D.
Individuals working at small companies are also underrepresented.
Given the deidentified nature of the MarketScan data, this analysis
was deemed exempt from review by the University of Minnesota
Institutional Review Board.

2.1 | Identification of VTE cases

The present analysis includes individuals aged 18 to 99 with in-
cident VTE, at least 1 prescription for an OAC within the 31 days
before or after their first VTE claim (due to nuances of dates in
claims-based data), and 23 months of continuous enrollment prior
to their first OAC prescription. As in previous work,” we defined
VTE as having at least 1 inpatient claim for VTE or 2 outpatient
claims for VTE, which were 7 to 185 days apart, in any position,
based on International Classification of Diseases (ICD) 9th and 10th
Revision codes. The positive predictive value (PPV) of this defini-
tion was 91% in a recent validation study that employed a defi-
nition similar to that used in this analysis, which was inclusive of
both inpatient and outpatient encounters and additionally required
treatment.°

The initial sample included 472 757 VTE patients aged 18 to
99 years. The analytic sample was 367 886 once restricted to in-
dividuals ever prescribed an OAC between January 1, 2011, and
December 31, 2017; 231 189 after requiring the first OAC prescrip-
tion be £31 days of the VTE date; 189 076 after requiring 23 months
of continuous enrollment before the first OAC prescription and
137 203 after excluding individuals who used low-molecular-weight
heparin as their sole anticoagulant prescription or who had evidence
of cancer as different recommendations for treatment exist for this
population.” See the analysis flowchart (Figure 1).

2.2 | Anticoagulant use

Prescriptions for DOACs and warfarin were identified using outpa-
tient pharmaceutical claims data, which include information on the
National Drug Code, the prescription fill date, and the number of

days supplied. Validity of warfarin claims in administrative databases
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Unique individuals with ICD
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FIGURE 1 Analysis flowchart. ICD,
International Classification of Diseases;
OAC, oral anticoagulant; VTE, venous
thromboembolism.

is excellent (sensitivity, 94%; PPV, 99%).11 Validation studies of
DOAC claims have not yet been conducted. For the present analysis,
which focuses on VTE primary treatment, we considered only the
first OAC prescribed. Several of the DOACs received approval for
atrial fibrillation management prior to being granted approval for the
indication of VTE. As such, via off-label prescriptions, it is possible
for VTE patients to have been prescribed these DOACs prior to their
FDA approval for the indication of VTE.

2.3 | Statistical analysis

This analysis cross-sectionally evaluated prevalence of use of
new OACs among anticoagulant-naive VTE patients according to
time; as such, it can be considered a repeated cross-sectional de-
sign. Proportions of OACs prescribed were calculated according
to calendar year and quarter (quarter 1: January through March;
quarter 2: April through June; quarter 3: July through September;
quarter 4: October through December). For the year 2017 we cal-
culated participant characteristics (comorbidities and medication
usage) by OAC prescribed. Patient comorbidities were identified
using established algorithms.lo'12 P values for differences in pa-
tient characteristics between OACs were calculated using t tests
for continuous variables and chi-square tests for dichotomous
variables.

472 757
Exclusion: (n=104871)
Not prescribed an OAC between Jan 1,
2011, and December 31, 2017
n =367 886
Exclusion: (n =136 697)
First OAC prescription not +31 days of
VTE date
n=231189
Exclusion: (n=42113)
Not =3 months of continous enroliment
before first OAC prescription
n=189 076
Exclusion: (n=51873)
Evidence of cancer or low-molecular-
weight heparin as sole anticoagulant
Analytic Sample prescription
n =137 203

3 | RESULTS AND DISCUSSION

Our sample included 137 203 VTE patients who were on average
(standard deviation [SD]) 56.7 + 16.3 years old and 49.9% female.
Warfarin was prescribed to 98.7% of anticoagulant-naive VTE pa-
tients receiving an OAC in quarter 1 of 2012 (Figure 2). By quarter
4 of 2017, use of warfarin had decreased dramatically, being pre-
scribed to only 17.5% of VTE patients. Rivaroxaban was prescribed
to 42.7%, apixaban to 38.6%, dabigatran to 1.3% and edoxaban to
<0.1%. Use of rivaroxaban has been somewhat stable since 2014
quarter 2 when it was prescribed to 40.8%. Apixaban has continued
to gain market share in virtually every quarter since its FDA approval
in 2014 quarter 3. It is unclear whether this pattern will continue
or if it, too, will stabilize. How a physician and patient decide be-
tween rivaroxaban and apixaban is also not clear. Both have a simi-
lar mechanism of action (factor Xa inhibitors),'® but rivaroxaban is a
once-daily regimen, whereas apixaban is twice daily. In comparative
effectiveness studies, we’ and others! have recently shown that
risk of major bleeding is lower among users of apixaban than users
of rivaroxaban. The extremely low use of dabigatran and edoxaban
may be explained, at least partially, by their need for initial parenteral
anticoagulation or differences in reimbursement relative to other
OAC options. Results were similar when we restricted our analysis to

participants with no evidence of atrial fibrillation (data not shown).
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FIGURE 2 Temporal trends in oral anticoagulants prescribed for the primary treatment of venous thromboembolism from 2012 through

2017

Similar to our findings, an analysis of the Danish Nationwide Cohort
study showed dramatic shifts in OAC use between February 2012
and September 2016.%> By September 2016, 12% of Danish VTE
patients were initially prescribed warfarin, 70% rivaroxaban, 16%
apixaban, and 2% dabigatran.

Among patients initiating OAC therapy for VTE primary treatmentin
2017, those prescribed warfarin were on average (+SD) 57.2 + 16.4 years
old and had the most comorbidities. Patients prescribed apixaban were
similar in age to patients prescribed warfarin (56.8 + 15.9) but had a
slightly lower comorbidity burden, while patients prescribed rivarox-
aban were the youngest (53.4 + 14.8 years) and had the fewest comor-
bidities (Table 1). Keeping in mind that in 2017 (quarters 1-4) 19.3% of
patients were prescribed warfarin, 42.5% rivaroxaban, and 36.8% apix-
aban, these findings indicate that there is widespread usage of apixaban
and rivaroxaban across patients with an array of comorbidities.

Strengths of this study are the large sample of US insured indi-
viduals, information on comorbidities, and availability of data since
the approval of DOACs for VTE primary treatment. Limitations are
potential misclassification in the exposure status (because the va-
lidity of DOACs in administrative data have not been determined)
and in the identification of individuals with incident VTE and various

comorbidities. However, established algorithms were used.'®2 We
also lack information about what led to selection of a particular OAC;
factors such as socioeconomic status, laboratory values, formulary
preference, and provider's perception of patient compliance are
unavailable.

Rivaroxaban and apixaban use have increased dramatically since
receiving FDA approval, while warfarin use has plummeted. Given
the extensiveness of their use, there is a continued need for post-
marketing surveillance to (1) understand the comparative effec-
tiveness of these agents in terms of VTE recurrence, bleeding, and
mortality across diverse patient groups; and (2) monitor for unex-
pected adverse events. Additionally, as DOACs are now ubiquitous
in the context of VTE primary treatment, there is a continued need
to evaluate their comparative effectiveness in the context of VTE,
and to understand how to optimize their management in high-risk
situations.
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TABLE 1 Characteristics of venous thromboembolism patients by anticoagulant initially prescribed, MarketScan databases, 2017

Warfarin Rivaroxaban
(N =2172) (N = 4773)
Age,y 57.2+16.4 53.4+14.8
Female, % 499 49.7
Comorbidities, %
Hypertension 60.5 47.4
Diabetes mellitus 24.3 16.9
Myocardial infarction 9.6 4.3
Heart failure 18.1 79
Atrial fibrillation 9.3 4.6
Ischemic stroke 3.9 2.0
Peripheral artery disease 15.3 8.0
Dementia 4.1 1.6
Chronic pulmonary 23.2 19.8
disease
Renal disease 151 5.3
Liver disease 8.6 6.4
Depression 20.2 16.0
Hematologic disorders 15.2 8.7
Alcohol abuse 3.0 2.4
Medications, %
Antiplatelets 6.5 3.2
ACE inhibitors 211 16.7
Angiotensin receptor 14.3 12.1
blockers
Beta-blockers 27.3 17.9
Calcium channel blockers 18.1 13.6
Statins 30.0 23.7
Diabetes mellitus 6.3 3.8
medications
SSRIs 271 24.2

ACE, angiotensin-converting enzyme; SSRI, selective serotonin reuptake inhibitors.

#Values correspond to mean + standard deviation or percentage.
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P value
Apixaban Rivaroxaban vs. Apixaban vs. Apixaban vs.
(N = 4128) warfarin warfarin rivaroxaban
56.8+15.9 <0.00 0.42 <0.00
50.5 0.89 0.63 0.43
59.1 <0.00 0.29 <0.00
221 <0.00 0.05 <0.00
6.5 <0.00 <0.00 <0.00
13.4 <0.00 <0.00 <0.00
8.9 <0.00 0.61 <0.00
3.3 <0.00 0.28 <0.00
12.7 <0.00 0.004 <0.00
3.2 <0.00 0.08 <0.00
221 0.001 0.36 0.007
104 <0.00 <0.00 <0.00
8.0 0.001 0.36 0.01
17.7 <0.00 0.02 0.03
10.2 <0.00 <0.00 0.02
2.6 0.16 0.48 0.41
55 <0.00 0.10 <0.00
21.4 <0.00 0.81 <0.00
15.0 0.01 0.47 <0.0001
25.2 <0.00 0.08 <0.00
18.6 <0.00 0.59 <0.00
29.3 <0.00 0.60 <0.00
4.8 <0.00 0.02 0.01
26.0 0.01 0.36 0.05
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