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Aim: To evaluate the association of comparative effectiveness research with Medicare coverage of
direct oral anticoagulants. Materials & methods: A literature review for direct oral anticoagulants was
conducted from 2011 to 2017. Monthly prescription drug plan and formulary files (n = 28) were used to
conduct change-point analysis and assess each outcome variable. Results: Up to 2013, studies showed
that dabigatran was more effective than rivaroxaban. In 2015, apixaban was shown to be the safest
and most effective drug in comparison with all direct oral anticoagulants. In 2016–2017, dabigatran and
apixaban were shown to have similar efficacy. Approximately 75% of plans covered dabigatran under
tier 3 until 2015. From 2011 to 2017, less than 30% of plans required prior authorizations, 50% imposed
quantity limits and mean copayment was lowest for rivaroxaban. Conclusion: Consistent with comparative
effectiveness research, Medicare plans covered apixaban more favorably and edoxaban less favorably.
However, discrepancies in comparative effectiveness research translation were found for rivaroxaban and
dabigatran.
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There is a growing emphasis on generating comparative effectiveness research (CER) [1], which compares the benefits
and harms of different drugs and helps ascertain the value of new drug therapies. Past research has shown that
CER can assist patients, providers and payers in quantifying the value of healthcare and help them make informed
clinical decisions [2,3]. However, it is extremely challenging for the US healthcare system to integrate CER evidence
into practice, especially with regard to the Medicare system, which currently serves 59 million beneficiaries [4–7].
Although integrating CER into Medicare coverage/reimbursement decisions is crucial [8,9], there is still limited
knowledge regarding the extent to which CER evidence is incorporated by the Centers for Medicare and Medicaid
Services (CMS) [2,9].

US decision makers struggle to uniformly evaluate CER evidence because it is generated from diverse study
designs, including meta-analyses and systematic reviews, indirect treatment comparisons, randomized controlled
trials and observational studies [10]. Consolidation of CER evidence is required before it can guide value-based
treatment decisions and help improve health outcomes or contain costs for the Medicare population.

One of the most costly and prevalent diseases in the Medicare system is atrial fibrillation (AFib), which is associated
with over 99,000 deaths and 467,000 hospitalizations annually [11,12]. AFib’s high economic and healthcare
utilization burden is due to the high stroke rates associated with it [13], with 95% of strokes occurring in non-
valvular AFib (NVAF) patients [12]. Clinical guidelines recommend using direct oral anticoagulants (DOACs) to
prevent stroke in NVAF patients [14]. Currently, dabigatran, rivaroxaban, apixaban and edoxaban, the four DOACs
approved in the USA, are prescribed heavily for stroke prevention among the Medicare population [15–19]. Abundant
CER has been generated comparing the benefits and harms of DOACs [20–25]; however, the extent to which such
evidence might guide the coverage decisions of Medicare Part D plans has yet to be explored.

Four hallmark clinical trials have been conducted to assess the safety and efficacy of each DOAC. However,
the trials were designed in a way that fails to provide any evidence about the comparability of DOACs to each
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other in the real world [26,27]. The RE-LY trial found dabigatran 150 mg to be superior and dabigatran 110 mg
to be noninferior to warfarin with regard to stroke and systemic embolism (SE). The rate of major bleeding and
hemorrhagic stroke was superior for both doses of dabigatran compared with warfarin [28]. In the ARISTOTLE
trial, apixaban decreased risk of stroke and SE and risk of major bleeding and death from any cause compared
with warfarin [29]. The ROCKET-AF trial found rivaroxaban to be noninferior to warfarin with regard to stroke
or SE, with no difference in major or clinically relevant nonmajor bleeding. There was a reduction in intracranial
bleeding (ICB) and an increase in gastrointestinal bleeding with rivaroxaban versus warfarin [30]. The ENGAGE
AF-TIMI 48 trial favored edoxaban 60-mg doses compared with warfarin for reduction of stroke, SE and rates of
major bleeding [31]. Although the trial results might help shape the decision-making process early on, the patients
assessed in these studies were varied and may not have represented the real world. ROCKET-AF patients had higher
baseline CHADS2 (congestive heart failure, hypertension, age ≥75, diabetes, stroke) scores than those observed
in the RE-LY and ARISTOTLE trials. Additionally, ROCKET-AF patients receiving warfarin spent less time with
international normalized ratio in the therapeutic range than warfarin patients in the RE-LY and ARISTOTLE
trials [32].

Given the limitations of clinical trials, CER evidence acts as a tool to assist providers and payers as they strive to
make evidence-based, informed clinical decisions. However, the extent to which CER evidence is translated into
practice is under studied.

The overall objective of this study was to assess the extent to which CER evidence generated for DOACs was
integrated into the coverage decisions of Medicare plans. The time frame used for this study was 2011–2017, as
all DOACs were approved within or before this time period (i.e., dabigatran in October 2010, rivaroxaban in
November 2011, apixaban in December 2012 and edoxaban in January 2015). The first aim of this study was to
conduct a comprehensive literature search to identify CER evidence published from 2011 to 2017 comparing the
effectiveness of two or more DOACs. The second aim of this study was to examine formulary characteristics and
cost-sharing structures of Medicare Part D plans in CMS data from 2011 to 2017 and determine whether CER
results were reflected in the coverage of DOACs.

Materials & methods
Data
Two kinds of data were examined for this study: CER evidence and monthly prescription drug plan and formulary
files from CMS. CER evidence comparing DOACs, including meta-analyses and systematic reviews, indirect
treatment comparisons, randomized controlled trials and observational studies, was identified by conducting a
comprehensive literature review from 2011 to 2017 using PubMed and Google Scholar. Inclusion criteria for the
literature review involved studies conducting head-to-head comparisons of two or more DOACs; efficacy outcomes
with regard to the risk of stroke and SE; safety outcomes with regard to mortality, ICB, extracranial bleeding and
gastrointestinal bleeding; adherence and persistence outcomes, such as proportion of days covered; and studies
conducted on the US adult population. The study selection criteria are outlined in Figure 1.

The quality, validity and generalizability of all included studies were evaluated using a CER tool published
by Schaumberg et al. [33]. The tool is designed to evaluate key characteristics of a CER study under three broad
sections: importance of the research question, appropriateness of the data source and rigor of the study methods.
Each study is rated on a scale of low, medium or high level of adherence to the key methodological principles.
Monthly prescription drug plan and formulary files were obtained from CMS for four specific months (January,
April, July and October) in each year, from 2011 to 2017, which resulted in a total of 28 data points. Prescription
drug plan and formulary files are non-identifiable data files that contain details for each plan, including National
Drug Codes; cost-sharing tier level; indicators for step therapy; quantity limits; prior authorization; plan name;
plan identifier; service area and plan-level cost-sharing details for preferred, non-preferred and mail order network
pharmacies.

Variables
The outcome variables evaluated included tier levels (1–4), quantity limits (yes or no), prior authorization (yes or
no), type of cost sharing at preferred pharmacies (0 = not offered, 1 = copay or 2 = coinsurance) and amount of
cost sharing at preferred pharmacies (in dollars if the type of cost sharing = 1 or in percentages if the type of cost
sharing = 2).
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n = 9262
PubMed and the Cochrane library searches

using key words (dabigatran, apixaban,
rivaroxaban, edoxaban, NVAF, Afib)

Exclude non-English; non-
human; non-adult

n = 6258
Citations reviewed and titles screened

n = 2522
Abstracts reviewed

n = 235
Full articles reviewed

n = 39
Included

Exclude duplicates

Exclude studies with warfarin as
the only comparator; no head-
to-head comparison of two or

more DOACs; no efficacy
outcomes of stroke risk and

systemic embolism; no safety
outcomes of mortality,

intracranial bleeding, extra-
cranial bleeding and GI bleeding,

or adherence and persistence
outcomes; not Afib-related;
study designs other than

MA & SR, observational, or
economic modeling

Figure 1. Search strategy for identifying comparative effectiveness research literature from 2011 to 2017.
Afib: Atrial fibrillation; DOAC: Direct oral anticoagulant; GI: Gastrointestinal; MA&SR: Meta-analysis and systematic
review; NVAF: non-valvular atrial fibrillation.

Statistical analysis
Descriptive statistics were conducted for each outcome variable with regard to each DOAC from 2011 to 2017.
Significant changes in time series data mean and percentage were identified by a change-point analysis (CPA)
performed using a binary segmentation (BinSeg) method with the ‘changepoint’ package in R 3.4.3 [34–38]. CPA
has been widely used in various fields to estimate the number of significant changes and identify the locations
of change points in time series data [39]. For the purpose of this study, BinSeg and pruned exact linear time
(PELT) algorithms were compared and tested with Schwarz information criterion as the penalty criterion using the
‘changepoint’ package in R. For cases with a high number of change points, the penalty was increased to ‘1.5 *
log(n)’ with ‘n’ as the length of the time series dataset [37]. Comparing BinSeg and PELT helped ascertain PELT’s
likeliness to overestimate the number of change points; therefore, BinSeg was chosen to conduct the CPA for this
study [40]. Past research also supports the implementation of BinSeg over PELT for better performance [41] and
computational efficiency [42] in univariate time series data. CPA was conducted using the monthly files to assess
changes in each outcome variable from 2011 to 2017. Associations between CER evidence and change points in
outcome variables of the monthly files were evaluated.

Results
CER evidence
Table 1 outlines the summarized results of all included studies by each year. Key characteristics of all included studies
are described in Supplementary Appendix 1. The authors noted a lack of studies comparing DOACs head to head
in 2011 and 2012. According to the evidence from 2013, apixaban was associated with lower risk of major bleeding
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Table 1. Descriptive summary of studies by each year.
Year Descriptive summary Ref.

2012 There was a lack of head-to-head comparisons of DOACs for 2011 and 2012; however, six indirect treatment analyses were
published in 2012. One study reported that, compared with rivaroxaban, dabigatran was associated with a lower risk of stroke or
SE, ischemic stroke and hemorrhagic stroke. Compared with rivaroxaban, apixaban was associated with an increased risk of SE but
a decreased risk of major bleeding. Apixaban was associated with a lower risk of both major bleeding and GI bleeding compared
with dabigatran. Similarly, another indirect comparison of phase III trials found rivaroxaban to be less effective than dabigatran
150 mg and to have more associated bleeding events. Two other studies, an NMA and an indirect comparison, found no statistically
significant difference among DOACs with regard to all-cause mortality and stroke/SE, respectively. Another study that focused on
secondary prevention found a lower risk of myocardial infarction with apixaban compared with dabigatran 150 mg. Another
indirect treatment analysis found a significantly lower risk of stroke/SE and hemorrhagic stroke for dabigatran 150 mg compared
with rivaroxaban. Moreover, major bleeding was significantly lower with apixaban compared with dabigatran 150 mg and
rivaroxaban.

[21,22,42–45]

2013 Of the six studies included in 2013, two MA&SRs reported that apixaban was associated with significantly lower rates of major
bleeding compared with dabigatran and rivaroxaban. However, the third MA came to a different conclusion, as it found no
statistically significant difference among DOACs with regard to stroke, mortality or major bleeding and nonmajor bleeding events.
A cost–effectiveness model found that dabigatran, apixaban and rivaroxaban produced greater QALYs than warfarin but only
apixaban was cost-effective, with a threshold of US$100,000 per QALY. Another SR of cost–effectiveness models found dabigatran
110 mg to not be cost-effective compared with rivaroxaban or apixaban and rivaroxaban to not be cost-effective compared with
apixaban. In contrast, another comparative effectiveness study found no difference among DOACs with regard to QALYs gained.

[32,46–50]

2014 Of the five studies included in 2014, four were MA&SRs. One MA&SR used a random effects model to rank all four DOAC therapies.
Dabigatran was associated with the lowest risk of mortality and lowest ischemic stroke and SE score. Dabigatran 150 mg was
associated with a 70% probability of being ranked 1 for stroke outcome and a 51% probability of being ranked 1 for ischemic
stroke or SE outcome. Another MA&SR found that edoxaban 60 mg was associated with a lower risk of major bleeding compared
with rivaroxaban but a higher risk of any bleed compared with apixaban. In addition, a higher risk of stroke/SE was observed in
rivaroxaban versus dabigatran and edoxaban 30 mg versus apixaban. Another MA&SR found that apixaban was associated with
lower major or CRNM bleeding risk than edoxaban 60 mg. Furthermore, edoxaban 60 mg was associated with decreased efficacy
with regard to stroke or SE end points compared with dabigatran 150 mg. An indirect comparison study showed that edoxaban
30 mg was associated with a significantly decreased risk of major bleeding compared with other DOACs and could be an
alternative for patients with a high bleeding risk. A modeling study reported apixaban as the most cost-effective option, with a
cost of £13,703 per QALY gained or higher.

[25,51–54]

2015 In 2015, seven studies were included. In an NMA, dabigatran 150 mg had lower rates of stroke and SE versus dabigatran 110 mg,
rivaroxaban and apixaban. With regard to major bleeding, apixaban was favorable compared with dabigatran 150 mg and
rivaroxaban. Rates of ICB were lowest with dabigatran 110 mg and apixaban. By contrast, another MA&SR, which evaluated 21
RCTs and 11 NRSs, found no difference in stroke or SE among DOACs. However, with regard to major bleeding, apixaban was
associated with a lower risk versus dabigatran 150 mg and rivaroxaban. Additionally, rivaroxaban was associated with a higher risk
of major bleeding compared with dabigatran 110 mg. In the elderly (≥75 years old), apixaban had lower rates of major bleeding
than dabigatran 110 mg, dabigatran 150 mg and rivaroxaban. In the same elderly group, edoxaban showed lower rates of major
bleeding than dabigatran 150 mg and rivaroxaban. A third MA&SR, which evaluated nine RCTs, came to a similar conclusion
regarding bleeding risk. Apixaban had lower rates of major bleeding compared with dabigatran 110 mg, dabigatran 150 mg and
rivaroxaban and edoxaban 30 mg had lower rates of major bleeding compared with dabigatran (both doses), rivaroxaban and
edoxaban 60 mg. With regard to stroke and SE, edoxaban 30 mg was inferior to apixaban, rivaroxaban and dabigatran 150 mg.
Another MA found that apixaban had the lowest discontinuation rate compared with edoxaban 60 mg, rivaroxaban, dabigatran
150 mg and dabigatran 110 mg. An observational study found that the number of patients with proportion of days covered ≥0.80
was significantly higher for rivaroxaban versus dabigatran. In addition, compared with apixaban, the likelihood of being adherent
was significantly higher for rivaroxaban and lower for dabigatran. Another observational study supported these results,
concluding that rivaroxaban patients were less likely to be inconsistent and less likely to discontinue therapy than their dabigatran
counterparts. Finally, in a multicriteria decision analysis study dabigatran 150 mg had the highest overall benefit–risk performance
score (0.529), followed by rivaroxaban (0.462), apixaban (0.426) and warfarin (0.191), among the general population. Apixaban
had the highest benefit–risk performance score (0.686) for patients with CHADS2 score ≥3 and dabigatran 150 mg had the highest
performance score (0.678) for primary stroke prevention. Moreover, dabigatran 110 mg had the highest performance score (0.901)
for secondary stroke prevention.

[55–61]

2016 In 2016, of the seven studies, two NMAs reported similar results. One NMA reported no differences among DOACs with regard to
ischemic stroke rate. However, lower rates of major bleeding were found in apixaban versus other DOACs. Apixaban was found to
be superior to other DOACs with regard to major bleeding and CRNM bleeding composite end point. The other NMA found a
lower risk of stroke or SE for apixaban, dabigatran, rivaroxaban and edoxaban 60 mg compared with edoxaban 30 mg. In addition,
apixaban and edoxaban 30 mg were associated with lower risk of bleeding compared with dabigatran and rivaroxaban.
Rivaroxaban was associated with the highest risk of CRNM bleeding compared with other DOACs. Of the remaining five
observational studies, two used the Truven MarketScan database, one used Optum, one used CMS Medicare data and one used
Premier Hospital and Cerner Health data. Both Truven studies found a higher risk of bleeding with rivaroxaban compared with
apixaban, but no differences were observed with regard to apixaban and dabigatran. The study assessing Optum data found no
significant differences in risk of stroke or SE and ischemic or hemorrhagic stroke between any of the DOACs. Rivaroxaban was
associated with a higher risk of both major bleeding and ICB compared with dabigatran. Apixaban was associated with a lower risk
of both major bleeding and ICB compared with dabigatran and rivaroxaban. The study using Medicare data found that
rivaroxaban use was associated with a statistically significant increase in ICB and major extracranial bleeding compared with
dabigatran. The study using Premier Hospital and Cerner Health data found that the risks of bleeding-related hospital readmission,
all-cause readmission length of stay and all-cause readmission cost per patient were significantly higher for rivaroxaban compared
with apixaban.

[62–68]

CHADS2: Congestive heart failure, hypertension, age ≥75, diabetes, stroke (doubled); CMS: Centers for Medicare and Medicaid Services; CRNM: Clinically relevant nonmajor;
DOAC: Direct oral anticoagulant; GI: Gastrointestinal; ICB: Intracranial bleeding; MA: Meta-analysis; MA&SR: Meta-analysis and systematic review; NMA: Network meta-analysis;
NRSs: Nonrandomized studies; QALY: Quality-adjusted life year; RCTs: Randomized controlled trials; SE: Systemic embolism; SR: Systematic review; VA: Veterans Affairs.
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Table 1. Descriptive summary of studies by each year (cont.).
Year Descriptive summary Ref.

2017 Eight studies were included in 2017, of which three were MA&SRs and five were observational studies. One MA&SR found that
rivaroxaban was associated with a similar risk of stroke or thromboembolism and ICB compared with dabigatran but a higher risk
of major bleeding, all-cause mortality, any bleeding and GI bleeding. Another MA&SR found that apixaban had a similar risk of
stroke or thromboembolism compared with other DOACs. Apixaban was associated with a lower risk of major bleeding compared
with rivaroxaban but demonstrated a risk similar to that of dabigatran. In addition, similar risks of ischemic stroke, ICB and GI
bleeding were found between apixaban, rivaroxaban and dabigatran. Similar to the other studies, the third MA&SR reported
apixaban as being superior to other DOACs with regard to risk of major bleeding, GI bleeding and any bleeding. Regarding the risk
of stroke or any thromboembolic event, no difference was reported between apixaban and dabigatran, but rivaroxaban was
reported to be superior to apixaban, mainly due to the reduced dose subgroup. With regard to ICB, no difference was reported
between dabigatran and apixaban, but apixaban was superior to rivaroxaban. Of the five observational studies, two were
conducted using CMS Medicare data, one used Truven MarketScan, one used Humana and one used VA healthcare data. A study
using Medicare data found that risk of ischemic stroke and ICB was no different between rivaroxaban and dabigatran. However,
rivaroxaban was associated with a higher risk of other thromboembolic events, all-cause mortality, major bleeding, any bleeding
event and GI bleeding compared with dabigatran. Similar to the aforementioned results, the study using Truven data also reported
no significant differences in risk of ischemic stroke and ICB for rivaroxaban and dabigatran but a higher risk of GI bleeding for
rivaroxaban versus dabigatran. The study using Medicare data found no significant differences in risk of ischemic stroke, SE or
death between any of the DOACs. With regard to any bleeding and GI bleeding, no difference was found in apixaban versus
dabigatran; however, apixaban and dabigatran were associated with lower bleeding risk compared with rivaroxaban. The study
using Humana data found no significant differences in apixaban and dabigatran in terms of stroke, including ischemic,
hemorrhagic and SE, or any major bleeding, including ICB and GI bleeding. However, the study found a lower risk of stroke/SE and
any bleed in apixaban patients compared with rivaroxaban patients. Finally, the study using VA data found that lower adherence
over the first 6 months for dabigatran patients was significantly associated with a higher risk of death or stroke, but this
association was not significant for rivaroxaban.

[69–76]

CHADS2: Congestive heart failure, hypertension, age ≥75, diabetes, stroke (doubled); CMS: Centers for Medicare and Medicaid Services; CRNM: Clinically relevant nonmajor;
DOAC: Direct oral anticoagulant; GI: Gastrointestinal; ICB: Intracranial bleeding; MA: Meta-analysis; MA&SR: Meta-analysis and systematic review; NMA: Network meta-analysis;
NRSs: Nonrandomized studies; QALY: Quality-adjusted life year; RCTs: Randomized controlled trials; SE: Systemic embolism; SR: Systematic review; VA: Veterans Affairs.

compared with dabigatran and rivaroxaban. Additionally, apixaban was found to be the most cost-effective among
all DOACs. No significant differences were reported for DOACs with regard to risk of stroke, SE or mortality. In
2014, studies showed that the risk of major bleeding was lower with edoxaban 60 mg compared with rivaroxaban
but higher compared with apixaban. Additionally, the risk of stroke/SE was higher for both edoxaban 60 mg and
rivaroxaban compared with dabigatran 150 mg. The studies published in 2015 found that dabigatran 150 mg was
associated with lower rates of stroke/SE and had the highest performance score with regard to preventing primary
stroke compared with other DOACs. Apixaban continued to be associated with a lower risk of major bleeding
and lower discontinuation rates compared with other DOACs. Rivaroxaban was reported to be associated with
a higher risk of major bleeding compared with dabigatran 110 mg and edoxaban 30 mg. Edoxaban 30 mg was
found to be inferior to other DOACs in terms of stroke/SE. Additionally, the likelihood of patients to be adherent,
persistent and have proportion of days covered ≥0.80 was significantly higher for rivaroxaban compared with
dabigatran. According to the evidence from 2016, no significant differences were found in stroke/SE, ischemic
stroke or hemorrhagic stroke for dabigatran, apixaban and rivaroxaban. Among all DOACs, the risk of both major
bleeding and ICB was lowest for apixaban and highest for rivaroxaban. Additionally, rivaroxaban was associated
with higher risk of bleed-related readmission rates, all-cause readmission length of stay and readmission cost per
patient compared with dabigatran. In 2017, studies continued to report no significant differences in stroke/SE for
all DOACs. Apixaban was found to be associated with a lower risk of major bleeding than rivaroxaban but was
shown to have a risk similar to that associated with dabigatran. Rivaroxaban was associated with a higher risk of
other thromboembolic events, all-cause mortality, major bleeding, any bleeding event and gastrointestinal bleeding
compared with dabigatran.

The CER tool was used to assess the quality of evidence included in this study. The CER tool rating key
methodological principles of the included studies is outlined in Table 2. Approximately 62% of the studies never
had a ‘low’ grading on any of the key principles assessed. All studies were graded ‘high’ on at least five of ten key
characteristics. Approximately 45% of the studies were graded ‘high’ on eight of ten key characteristics.

CPA of DOAC coverage by Medicare plan
Significant change points (year, month) for all variables are outlined in Supplementary Appendix 2. Figures 2 & 3
& Supplementary Appendixes 3–6 depict CPA plots for outcome variables for each DOAC from 2011 to 2017.
Figure 2 displays the percentage of plans covering each DOAC under tier levels (1–4) and Figure 3 displays the
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Figure 2. Change point analysis plots displaying percentage of Medicare plans covering each direct oral anticoagulant under tier levels
(1–4) from 2011 to 2017.

mean amount of cost sharing (in dollars) for each DOAC at preferred pharmacies when the type of cost sharing
was copay.

Supplementary Appendixes 3 & 4 display the percentage of plans covering DOACs with quantity limits and
plans covering DOACs under prior authorization, respectively. Supplementary Appendix 5 displays the percentage
of plans covering each DOAC with type of cost sharing at preferred pharmacies where 0 = no cost sharing offered,
1 = copay offered and 2 = coinsurance offered. Supplementary Appendix 6 displays the mean amount of cost
sharing (in percentages) for each DOAC at preferred pharmacies when the type of cost sharing was coinsurance.

Dabigatran was the only approved DOAC in 2010 and was covered under tier 3 by 75% of the plans (Figure 2).
From 2011 to 2013, there was an increase in the number of plans covering dabigatran under tier 2. However, a
significant change point was recorded in October 2013 (Supplementary Appendix 2), when the majority of plans
changed the coverage of dabigatran back to tier 3. Other significant common change points were recorded for tiers
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Figure 3. Change point analysis plot displaying mean amount of copay in dollars (i.e., type of cost sharing) at
preferred pharmacies for each direct oral anticoagulant from 2011 to 2017.

3 and 4 in 2015, when edoxaban was approved in the market. After 2015, there was an increase in the percentage
of plans moving dabigatran to tier 4, with around 80% of plans covering it under tier 4 by the end of 2017. In
addition, the percentage of plans covering rivaroxaban and apixaban under tier 3 continued to increase after 2015,
with around 85% of plans covering both drugs under tier 3 by the end of 2017. Throughout the study duration,
edoxaban was covered under tier 4 by the majority of plans. Every year at least one change point was recorded in
the percentage of plans covering DOACs with quantity limits.

From 2011 to 2017, approximately 50–60% of plans had quantity limits imposed for dabigatran, rivaroxaban and
apixaban (Supplementary Appendix 3). Of all plans, approximately 25–35% had prior authorization for dabigatran
from April 2011 to October 2014 (Supplementary Appendix 4). A significant change point was recorded in July
2015 (Supplementary Appendix 2), after which the percentage of plans with prior authorization for dabigatran
dropped below 25% (Supplementary Appendix 4). With regard to apixaban and rivaroxaban, a common change
point was recorded in January 2015 (Supplementary Appendix 2), after which the percentage of plans with prior
authorization continued to drop below 25% for both drugs (Supplementary Appendix 4).

From 2011 to 2017, most Medicare plans offered either copay or coinsurance at preferred pharmacies to cover
DOACs, with only a small percentage of plans not offering any cost sharing. Less than 10% of plans offered
no type of cost sharing until July 2016, after which this percentage rose to approximately 25% for all DOACs
(Supplementary Appendix 5). Approximately 40–50% of plans offered copay at preferred pharmacies for three
DOACs until July 2016, after which this percentage dropped to 25%. From 2011 to 2017, with the exception of
edoxaban, approximately 50% of plans offered coinsurance at preferred pharmacies for DOACs.

For cost sharing with copay at preferred pharmacies, a significant common change point was recorded in April
2014 for dabigatran, rivaroxaban and apixaban (Supplementary Appendix 2). As shown in Figure 3, there was a
sharp decrease in the mean amount of copay for all three DOACs (less than US$90) from April to July 2014.
The mean copay for dabigatran increased in October 2015 to around US$110 and remained high until the end
of 2017. The mean copay for rivaroxaban and apixaban remained steady (less than US$90) until the end of 2017,
with rivaroxaban having the lowest copay among all DOACs. Regarding cost sharing with coinsurance at preferred
pharmacies, with the exception of edoxaban, the mean coinsurance percentage was less than 10% for all DOACs
from 2011 to 2017 (Supplementary Appendix 6).

Integration of CER evidence into Medicare plans
Figure 4 displays the number of plans covering each DOAC from 2011 to 2017 plotted with the CER evidence
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2011: No head-to-
head comparisons
of DOACs

2012: Dabigatran
showed lower
rates of stroke/SE
vs rivaroxaban.

2013: Apixaban
showed lower
rates of major
bleeding vs
dabigatran and
rivaroxaban;
Rivaroxaban
showed higher
rates of
stroke/SE, ICH
vs dabigatran

2014: Dabigatran
showed lowest risk
of stroke/SE and
mortality; Edoxaban
showed higher risk
of stroke/SE vs
other DOACs but
lower rates of major
bleeding vs
rivaroxaban.

2015: Apixaban showed
lower rates of major bleed
and discontinuation vs other
DOACs; Dabigatran with
highest benefit-risk
performance score

2017: No differences in
ischemic stroke/SE or
death for any of the
DOACs; Apixaban
showed lower risk of
major bleed vs
rivaroxaban but similar
to dabigatran

2016: Dabigatran
showed lower rates of
stroke/SE compared to
rivaroxaban and
edoxaban but same as
apixaban; Apixaban
showed lower hazard of
bleeding vs other DOACs
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Figure 4. Timeline of the comparative effectiveness research generated from 2011 to 2017 plotted with Part D plans
covering each DOAC.
DOAC: Direct oral anticoagulant; ICH: Intracranial hemorrhage; SE: Systemic embolism.

timeline. There were no CER studies comparing DOACs in 2011. All indirect treatment comparison studies in
2012 favored dabigatran over rivaroxaban with regard to efficacy (i.e., preventing stroke or SE). The 2012 CER
evidence favoring dabigatran was reflected in the CMS formulary plans, as a significant number of plans moved
dabigatran from tier 3 to tier 2 (Figure 2). In 2013 and 2014, the included CER studies reported contradictory
evidence on the superiority of dabigatran in terms of efficacy. Some evidence ranked dabigatran highest with
regard to stroke outcome, but other studies found no significant differences in the efficacy of DOACs. However,
in 2013–2014, there was ample CER evidence supporting apixaban as the safest option relative to dabigatran
and rivaroxaban in terms of bleeding risk. A significant change point was seen in Medicare plans in October
2013, when the majority of plans moved dabigatran back to tier 3. In 2015, there was mixed evidence supporting
dabigatran’s efficacy in preventing stroke or SE compared with other DOACs. A significant change point was
observed in the tier level of plans covering dabigatran and the mean copay offered for dabigatran. In October
2015, most plans moved dabigatran to tier 4 and increased the mean copay to US$110 (from $80) (Figure 3).
Some observational studies published in 2015 found patients to be more adherent to and less inconsistent with
once-daily rivaroxaban treatment compared with dabigatran. Therefore, despite ample evidence suggesting highest
risk of major and clinically relevant nonmajor bleeding with rivaroxaban in 2015–2016, Medicare plans covered
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rivaroxaban at the lowest copay and coinsurance compared with other DOACs. In 2016–2017, some evidence
suggested that dabigatran was superior to rivaroxaban and edoxaban but similar to apixaban in terms of efficacy.
Other evidence found no significant difference in the risk of ischemic stroke, SE or death between any of the
DOACs. However, dabigatran continued to be covered under tier 4 with a higher copay until 2017. The majority
of studies showed rivaroxaban to be the least efficacious and most unsafe compared with other DOACs, yet around
85% of Medicare plans continued to cover rivaroxaban in tier 3 with the lowest copay or coinsurance until 2017.
Apixaban, which was found to be superior to other DOACs with regard to a composite end point of major and
clinically relevant nonmajor bleeding, was favorably and consistently covered by Medicare plans from 2011 to 2017.
Edoxaban was shown to be inferior to other DOACs in terms of preventing stroke and SE, which was translated in
the less favorable coverage of edoxaban by Medicare plans (i.e. tier 4 coverage, prior authorization requirement and
high cost sharing).

Discussion
Given the growing emphasis on generating CER evidence to evaluate different drugs and thereby improve patient
access to affordable care, this study explored the extent to which such evidence is adopted and applied by Medicare
for DOACs in the real world. According to this study, from 2011 to 2017, CER evidence comparing the safety
and efficacy of DOACs was selectively incorporated into Medicare plans depending on the type of DOAC and
the consistency of the evidence supporting a DOAC’s superiority. It appeared that Medicare plans adopted CER
evidence for apixaban and edoxaban throughout the duration of the study; however, discrepancies in the translation
of CER evidence were found for rivaroxaban and dabigatran.

As shown in Figure 4, there was an increasing trend in the number of plans covering rivaroxaban from 2011
to 2017. Additionally, although evidence in 2016–2017 suggested a higher risk of both major bleeding and ICB
with rivaroxaban, many plans continued to cover rivaroxaban under tier 3 and most offered the lowest copay or
coinsurance at preferred pharmacies. These results are consistent with past studies assessing the utilization trends
of DOACs, which found increased uptake and utilization of rivaroxaban compared with dabigatran [77,78]; this
may have been due to the once-daily dosing of rivaroxaban and patients therefore having better adherence to
rivaroxaban compared with the twice-daily dosing of dabigatran. With regard to dabigatran, despite evidence in
2016–2017 supporting its efficacy, the majority of Medicare plans continued dabigatran under tier 4 (Figure 2).
The mean copay for dabigatran rose tremendously after October 2015 and remained high until the end of 2017.
These results are in concordance with past studies, which reported high patient out-of-pocket and insurer spending
for dabigatran compared with other DOACs [78] and slower uptake of dabigatran once other DOACs entered the
market [77].

The study findings suggest that translation of CER evidence in the DOAC market could be dependent on the
timing and type of evidence generated for each drug. Evidence supporting the safety of apixaban was generated
early on after its approval and was consistent from 2011 to 2017 and therefore could have been incorporated
into decisions regarding the drug’s coverage. Limited coverage of edoxaban (the last entrant) by Medicare plans
was in concordance with the evidence. However, efficacy of dabigatran being similar to apixaban and better than
other DOACs could only be established 5 years after it was approved. Dabigatran was the first of the DOACs
to enter the market, which could have made it extremely competitive with regard to proving its efficacy and
superiority. Compared to other DOACs, more evidence was generated with dabigatran being the active comparator
over the course of 7 years. Evaluating the validity, applicability and generalizability of various studies could have
led to the delay in uptake of evidence favoring the efficacy and superiority of dabigatran. This finding emphasizes
the importance of real-world evidence and regulations around generating large-scale studies using claims data to
assess costs, healthcare resource utilization and humanistic outcomes.

This study attempted to shed new light on past theory that suggested it could take up to a decade for clinical
evidence to be translated into practice [79]. If CER evidence were generated early on with real-world databases
measuring standardized outcomes, it would be easier to interpret and incorporate it into practice. A past study
by Arora et al. evaluating the translation of CER into physician prescribing showed the importance of superiority
trials in the Type 2 diabetes market [3]. The present study, which analyzed a more robust data source (i.e., CMS)
to measure coverage, extends the findings of the study by Arora et al. by emphasizing the importance of generating
real-world evidence. Both studies, however, strengthen the argument that translation of evidence into practice is
dependent on the type of evidence generated during the initial years after drug approval.
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Moreover, it may be challenging for organizations such as CMS to systematically and continually incorporate
new evidence generated within a therapeutic market. However, with resources and funds already being earmarked
for the generation of more CER evidence, some funds could be redirected toward building independent bodies
that can monitor the quality of CER evidence and help translate it into coverage decisions in the long run. In
addition, expanding access to larger data sources (e.g., claims) and knowledge/resources for modeling study designs
(e.g., cost–effectiveness models) would help improve the efficiency of CER and ensure a timely translation of
evidence for US decision makers.

It is already established that linking coverage and cost-sharing decisions to CER evidence could potentially be a
fruitful strategy for improving health outcomes and containing the high healthcare expenditures of the Medicare
system. Therefore, it would help policymakers such as CMS to ascertain the importance of CER evidence and devise
strategies to establish value-based benefit designs. The findings of this study further emphasize the importance of
developing different disease-specific value assessment tools to help payers and other decision makers consolidate the
complex CER evidence, thus helping the US healthcare system transition from being volume-based to value-based.

Limitations
This study was limited to the DOAC market. It can be extrapolated to other markets with caution, as every
therapeutic market is distinct and every drug is unique. This study evaluated the proportion of CMS plans covering
each DOAC and did not account for characteristics of the patient cohort being prescribed the DOAC. The
CER evidence evaluated in this study focused on AFib/NVAF patients; however, the prescription drug plan and
formulary data represented the Medicare population prescribed DOACs and could not be restricted to a specific
patient population. Although DOACs have been approved to treat AFib/NVAF and venous thromboembolism,
the majority of Medicare patients taking DOACs have a diagnosis of AFib, with only a small percentage having
a diagnosis of venous thromboembolism [80]. Most of the early evidence presented in this study came from
meta-analyses and systematic reviews and indirect comparisons; hence, this study is limited by the quality and
heterogeneity of the randomized controlled trials included in these studies. In addition, warfarin was excluded
from the study because it could not be classified and compared under the DOAC therapeutic category. Since the
intent of this study was to assess association and not establish causality, it is possible that the coverage decisions of
Medicare plans could be guided by other factors that were not accounted for, such as clinical guidelines, evidence
with warfarin as a comparator, evidence comparing drug characteristics such as varying renal clearance of DOACs
and interactions with other drugs. Additionally, it is possible that evidence rated high in this study with regard to
quality and validity might be deemed insufficient by Medicare plans or inapplicable to the Afib population.

Conclusion
CER evidence for DOACs seemed to be translated and incorporated into practice during the initial years of the
DOAC market. Its translation into Medicare cost and coverage decisions was dependent on the type of DOAC
and the consistency of the evidence generated. Consistent with CER results, the majority of CMS plans covered
apixaban more favorably and edoxaban less favorably. However, discrepancies in the translation of CER evidence
were found for rivaroxaban and dabigatran. Because of the delay in evidence supporting dabigatran’s efficacy over
rivaroxaban, Medicare plans continued to cover dabigatran less favorably. Increasing the knowledge and resources
needed to obtain real-world evidence and then systematically incorporating this evidence into coverage decisions
could help transform clinical practice in the US healthcare system.

Summary points

• Comparative effectiveness research (CER) evidence comparing the safety and efficacy of direct oral anticoagulants
(DOACs) was selectively incorporated into Medicare plans from 2011 to 2017.

• Translation of CER evidence into Medicare coverage of DOACs was dependent on the type of DOAC and the
consistency of the evidence supporting a DOAC’s superiority.

• In concordance with the CER evidence generated, Medicare plans covered apixaban more favorably and
edoxaban less favorably.

• Delay in the generation of CER evidence supporting dabigatran’s efficacy might have affected its coverage by
Medicare plans.

• CER evidence generated using robust measures, real-world datasets and standardized outcomes would be easier
to interpret and incorporate into practice.
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