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Aim: Direct oral anticoagulant (DOAC) switching often occurs in patients with nonvalvular atrial
fibrillation (NVAF) for medical and nonmedical reasons. Limited data describe the economic consequences
of DOAC switching in patients with NVAF. This study evaluates the cost-effectiveness and budget impact
of initiating apixaban and switching to rivaroxaban versus initiating and continuing apixaban for patients
with NVAF, from a German payer perspective. Materials & methods: Built on an existing model, a
cohort-level lifetime Markov model was developed, including dynamic pricing assumptions to account
for anticipated generic entry of DOACs. The modeled population (n = 1000) included German patients
with NVAF, eligible for oral anticoagulation, who initiated on apixaban. The primary model outcome was
the incremental cost—effectiveness ratio, assessed using cost per quality-adjusted life year (QALY) gained
and a willingness-to-pay threshold of €48,750/QALY. A secondary model outcome was a 5-year budget
impact analysis. Results: Switching patients from apixaban to rivaroxaban led to 285 additional events
per 1000 patient years, resulting in 0.079 fewer QALYs and higher total costs per patient (€21,357 vs
€16,390 for apixaban continuers). In the base case analysis (with generic pricing assumptions), switching
from apixaban to rivaroxaban was dominated (i.e., less effective and more costly) by continuing apixaban.
In the budget impact analysis (with generic pricing assumptions), switching from apixaban to rivaroxaban
led to additional cumulative costs of €490 per patient over 5 years. Conclusion: Despite the introduction
of generic discounting, switching patients with NVAF from apixaban to rivaroxaban led to higher total
costs and fewer QALYs under base case assumptions, meaning apixaban switchers were dominated by
apixaban continuers from a German payer perspective. Switching patients from apixaban to rivaroxaban
also led to greater budget impact over 5 years.

Plain language summary: Cost impact of switching patients with nonvalvular atrial fibrillation from
apixaban to rivaroxaban compared with remaining on apixaban in Germany

What is this article about? Atrial fibrillation (AF) is a heart rhythm disorder increasing the risk of blood
clots and therefore stroke. Patients with nonvalvular AF (NVAF) are commonly prescribed direct-acting oral
anticoagulants (DOACGs), such as apixaban and rivaroxaban, to reduce this risk. DOAC switching is common
in clinical settings for medical and nonmedical reasons, but few studies describe the economic implications
of DOAC-to-DOAC switching in patients with NVAF. This study evaluates the cost-effectiveness and budget
impact of switching patients with NVAF from apixaban to rivaroxaban versus continuing apixaban in &
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How was the research carried out? A cost-effectiveness and budget impact analysis was conducted using
a mathematical model that assessed clinical event incidence, quality-adjusted life years (QALYs, a metric
combining quantity and quality of life) and costs in patients switching from apixaban to rivaroxaban versus
continuing apixaban. The model used dynamic pricing to account for ongoing loss of exclusivity of DOACs
and generic entry.
What were the results? Cost-effectiveness analysis indicated that switching patients from apixaban to
rivaroxaban led to more clinical events, fewer QALYs, and higher total costs versus continuing apixaban
over a lifetime horizon, meaning apixaban switchers were dominated (less effective and more costly) by
apixaban continuers. Switching from apixaban to rivaroxaban also led to greater budget impact over
5 years.
Why is the study important? Switching patients with NVAF from apixaban to rivaroxaban increased
healthcare costs and reduced QALYs due to higher clinical event incidence.

Despite generic rivaroxaban being available before generic apixaban, the lower price savings during
this period do not offset the higher medical costs from increased clinical event management in apixaban
switchers.

First draft submitted: 4 February 2025; Accepted for publication: 17 April 2025; Published online:
21 May 2025
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Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia worldwide, projected to affect 17.9 million people in
Europe by 2060 [1-3]. AF increases the risk of stroke occurrence fivefold when compared with patients without AF [4]
and increases stroke severity, resulting in higher morbidity and mortality [5-7). Furthermore, patients with AF have
reduced health-related quality of life compared with the general population or patients with other heart diseases ().
Opverall, the comorbidities and complications associated with AF accrue significant costs, which alongside the
growing prevalence of AF, poses considerable burden to healthcare systems across Europe. In Germany alone it is
estimated that the total direct costs of AF exceed €660 million each year [9].

Historically, vitamin K antagonists (VKAs), such as warfarin or phenprocoumon, were the mainstay treatments
used for the prevention of stroke and systemic embolism (SE) in patients diagnosed with nonvalvular AF (NVAEF).
However, it is now well documented that direct oral anticoagulants (DOACs) offer several advantages over VKAs,
including their ease of administration, rapid onset of action, fewer drug—drug interactions, reduced need for intense
monitoring, and have an equal or superior efficacy and safety compared with warfarin [10-15]. The European Society
of Cardiology recommends a range of DOAC:s, including apixaban, rivaroxaban, dabigatran and edoxaban, in
preference to VKAs for stroke prevention in patients with NVAF [4]. Despite having similar mechanisms of action,
darta indicate there are differences in the clinical effectiveness and safety between DOAC treatments [4,10]. However,
European Society of Cardiology guidelines do not specify which DOAC should be used as a first-line treatment for
patients with NVAE The availability of multiple DOACs, coupled with a lack of consensus as to which DOAC
should be used first-line, means DOAC switching often occurs in clinical practice for several reasons [16,17]. These
reasons include medical factors, such as lack of effectiveness or adverse events, and nonmedical factors, such as
formulary restrictions due to increasing costs [16,17].

A recent retrospective observational study from Deitelzweig ez al. (18] investigated the impact of DOAC switching
(initial apixaban therapy to rivaroxaban or from initial rivaroxaban therapy to apixaban) on the risk of stroke/SE
and major bleeding (MB) in patients with NVAF in US clinical practice. When compared with continuing apixaban
treatment, results indicated that switching from apixaban to rivaroxaban increased the risk of stroke/SE (hazard
ratio [HR]: 1.99, 95% CI: 1.38-2.88) and MB (HR: 1.80, 95% CI: 1.46-2.23) [18]. While this data may provide
insight to clinicians and patients considering a DOAC switch between apixaban and rivaroxaban, it is necessary to
understand the health economic implications of DOAC switching to aid decision-making at the healthcare system
level, particularly with the ongoing loss of exclusivity (LOE) across DOACs and the growing availability of generics.

Most cost—effectiveness analyses (CEAs) apply a constant treatment price that does not account for cost changes
over a patient’s lifetime, nor make any assumptions about drug genericization, thus fail to consider the significant
price erosions which may occur following LOE [19]. By omitting future changes in treatment price, CEAs may
misrepresent real-world conditions in terms of treatment costs, which may cause healthcare decision makers to
undervalue interventions [20]. To yield more comprehensive and reflective cost—effectiveness projections, CEAs
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Figure 1. Markov model.
AF: Atrial fibrillation; ICH: Intracranial hemorrhage; MB: Major bleeding; MI: Myocardial infarction; SE: Systemic
embolism; TIA: Transient ischemic attack.

should account for drug genericization and incorporate dynamic pricing with appropriate assumptions regarding
the date of LOE and the percentage of patients changing to generics [191. This is particularly important in
treatment landscapes where generic options are becoming increasingly available, such as DOACs for patients
with NVAE

A previous economic analysis investigated the cost of clinical events associated with switching patients with
prevalent NVAF from apixaban to rivaroxaban using a decision model from a German healthcare payer perspec-
tive [21]. However, given this was a budgetary analysis that evaluated event related costs over a short time horizon,
it does not consider the effects of disease progression, patients’ QoL or patient survival in the long-term, nor the
impact of generic pricing over time. To address these gaps in knowledge and build upon the current evidence
base, this study aims to evaluate the cost—effectiveness and budget impact of two different treatment scenarios for
patients with NVAF from the German payer perspective. Specifically, this study will compare initiating treatment
with apixaban and then switching to rivaroxaban versus initiating and continuing treatment with apixaban, based
on a previously published cohort-level Markov model [10] with an additional budget impact calculator, adapted to
reflect the findings of the Deitelzweig e al. (18] publication and to a German setting, while further incorporating
generic pricing assumptions.

Materials & methods

Patient population

The modeled population included German patients with NVAF, eligible for oral anticoagulation, who were receiving
apixaban. The cohort size considered within the cost—effectiveness model was 1000 patients, with a mean age of
75 years and 49% male, based on demographic data published by Deitelzweig ez al. (18].

Model overview

To assess the cost—effectiveness of receiving apixaban and then switching to rivaroxaban versus continuing with
apixaban in patients with NVAF from a German healthcare perspective, a cohort-level Markov model was developed
in Microsoft Fxcel®. The consolidated health economic evaluation reporting standard (CHEERS 2022) checklist
was followed throughout this study [22).

The Markov model included 17 health states (Figure 1), based on a structure published by Lopez-Lopez ¢t al. [10]
and Sterne et al. 23]. Patients with NVAF entered the model in an initial AF-Well’ state, defined as those without
the existence of comorbidities. Using predefined probabilities, patients either remained in the AF-Well’ state or
experienced one of the following events: stroke, myocardial infarction (MI), MB or intracranial hemorrhage (ICH).
Per cycle, patients could experience up to four events (including the initial event) in any sequence. Two transient
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event states for SE and transient ischemic attack (TTA) were included in the model, which incurred one-off costs
and utility decrements. Transient events were assumed to have no long-term effect on risk of events, costs or
health-related quality of life. In any health state, patients were at risk of death.

To capture the chronic and progressive nature of NVAE a lifetime (up to 100 years) model horizon with a
3-monthly cycle was employed to align with published literature [10,24]. The model applied an annual discounting
rate of 3% to costs and benefits over the modeled horizon, in line with the Institute for Quality and Efficiency
in Health Care guidelines [25]. The primary model outcome was the incremental cost—effectiveness ratio (ICER),
expressed as the cost per quality-adjusted life year (QALY) gained. As Germany does not have a pre-specified
willingness-to-pay (WTP) threshold, a threshold of one-times the per capita gross domestic product for Germany,
i.e., €48,750 in 2023 [26], was used to align with WHO guidance for cost—effectiveness evaluation [27]. Other model
outcomes included total and incremental clinical event rates, costs, QALYs, life years (LYs) and time on treatment.

Intervention & comparators

The model included one treatment arm (apixaban [5 mg twice daily (bd)] pre-switch and rivaroxaban [20 mg once
daily (od)] post-switch) and one control arm (apixaban [5 mg bd] pre- and post-switch), as shown in Supplementary
Figure 1. All patients initiated treatment with apixaban in both the treatment and control arm as the pre-switch
therapy. The model assumed all patients (100%) in the treatment arm switched from apixaban to rivaroxaban at
the end of cycle 2 (6 months), based on the mean time to switch from the Deitelzweig ¢t a/. (18] publication, while
patients in the control arm continued treatment with apixaban. At any cycle, patients were at risk of discontinuing
to no treatment following a clinical event (stroke, MB, MI, ICH, SE or TTA) based on event-based discontinuation
probabilities (Supplementary Table 1).

Disease progression

A Markov process was used to capture the movement of patients across each health state, using event probabilities
(Supplementary Table 2), treatment discontinuation (Supplementary Table 3) and history of prior clinical events
(Supplementary Table 4) (10]. For apixaban continuers, event incidence rates were sourced from Deitelzweig ez a/. (18],
a US claims database (Optum’s Clinformatics® Data Mart Database) study which assessed clinical outcomes in
patients with NVAF continuing or switching DOAC (apixaban and rivaroxaban) treatment, and converted to
3-month baseline event probabilities to align with cycle length. For apixaban switchers, baseline event probabilities
were transformed using hazard ratios (HRs) primarily derived from Deitelzweig ez al. (18] (Supplementary Table 2).
As Deitelzweig er al. (18] did not report HRs or incidence rates for all events, some were derived from Sterne ez al. 23],
a network meta-analysis of randomized controlled trial data which studied AF outcomes (Supplementary Table 2).
To consider the impact of prior events, the probability of event occurrence was changed dependent on which events
a patient had previously experienced, based on HRs derived from the Lopez-Lopez ¢t al. [10] and Sterne ez al. [23)
network meta-analyses (Supplementary Table 4). Event probabilities for no treatment were used to account for the
impact of discontinuing treatment, which were derived by applying HRs for no treatment versus apixaban treatment
from the Sterne ez al. (23] study to the baseline event probabilities for apixaban continuers (Supplementary Table 3).
The model assumed that the transition probabilities remained unchanged over time. However, to account for the
increasing age and thus increasing mortality risk of the cohort each cycle, German-specific general population life
tables were employed from GENESIS-Online [28].

Health-related quality of life

Baseline utility was based on the health state a patient resided in, with a specific health utility value applied to
each health state (Supplementary Table 1). For the AF-well health state baseline utilicy was 0.779, based on a
publication from Berg ez al. [29). Upon the occurrence of an acute event (stroke, MB, MI, ICH, SE, TIA) a one-off
disutility was applied in the incident cycle (Supplementary Table 1), sourced from a published systematic review
and network meta-analysis [10]. The long-term impact of stroke, MI and ICH events on QoL was included by
applying event-specific udilities to all subsequent cycles once an event occurred, based on Lopez-Lopez ¢t al. [10]
and Haacke ez a/. 30) data. Death was assigned a udility value of zero. Where multiple comorbidities occurred, the
revised health state utility was based on the multiplicative product of the relevant comorbidity utility values. Utility
values were adjusted for age by multiplying the age-related utility adjustment based on the current cohort age [311.
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Costs

The model assessed cost benefits from the perspective of the German public healthcare payer. Cost inputs for
the model were German-specific and were obtained from published literature [32,33] and national databases [34,35]
(Supplementary Table 1). Costs were inflated to 2023 using the consumer price index where necessary [36]. Where a
clinical event occurred, a one-off clinical event cost was applied to the cycle in which the event took place. Following
the occurrence of stroke, MB, MI or ICH, annual event-specific maintenance costs (adjusted to reflect the 3-month
cycle length) were applied to all subsequent cycles. Treatment acquisition costs, calculated as the cost of 3 months
of therapy, were applied per cycle while on treatment 35]. To account for the anticipated price erosions of DOACs
following LOE and the increased availability of generic options, dynamic pricing of apixaban and rivaroxaban was
enabled in the model. For base case analysis, generic prices were set as 10% of list prices, assuming a discount of
90% following LOE to ensure cost estimates are conservative. Based on anticipated patent expiry dates in Europe
at the time of model development (January 2024) [37,38], generic rivaroxaban was introduced from the start of
cycle 1, where it was assumed all patients (100%) received generic rivaroxaban. Meanwhile, generic apixaban was
introduced from the start of cycle 9, where it was also assumed all patients (100%) received generic apixaban.
Generic pricing remained available for the duration of the time horizon. Monitoring costs, calculated as the cost of
monitoring for 3 months of therapy, were applied per cycle while on treatment [32].

Sensitivity & scenario analyses

A deterministic one-way sensitivity analysis was used to determine the impact of changing individual parameters
on the modeled analysis outcomes. The mean value for key model parameters were independently varied by
reported 95% Cls; where 95% Cls were not reported, parameters were varied by £10% of their mean value. By
adjusting each parameter (costs and clinical parameters) individually, the sensitivity of the results to that parameter
was assessed. A probabilistic sensitivity analysis (PSA) was also conducted over 1000 iterations to quantify the
joint impact of parameters’ uncertainty on model results by assigning a distribution to each parameter. A gamma
distribution was assigned for costs, while a normal distribution was assigned for certain inputs relating to baseline
patient characteristics, such as age or height. Inputs describing utilities or disutilities were assigned either normal,
beta or gamma distributions. Baseline event rates were assigned beta distributions, while a log-normal distribution
was assigned for HRs. Cost—effectiveness acceptability curves were generated using the results of the PSA to assess
the cost—effectiveness of apixaban switchers versus apixaban continuers over a range of WTP thresholds from €0 to
€100,000.

To explore the impact of excluding dynamic pricing assumptions on the model outcomes, a scenario analysis was
conducted with generic pricing disabled and static brand prices used until the end of the time horizon. Additional
scenario analyses investigated the impact of the length of time horizon used in the model, employing both 5 and
10-year time horizons. Furthermore, as the current list price of rivaroxaban is higher than apixaban, threshold
analyses were undertaken applying a range of discounts from 0 to 100% to the rivaroxaban list price to determine
whether this is a key driver of cost—effectiveness outcomes. Notably, threshold analyses were conducted both with
and without the generic pricing discounts applied on top of the discounts to rivaroxaban list price. A further scenario
was conducted based on the assumption that all patients remain on lifelong treatment and do not discontinue
treatment following a clinical event.

Budget impact analysis

An additional budget impact calculator was included in the model to estimate total costs (treatment costs, event
costs, long-term management costs and monitoring costs) over a 5-year time horizon with and without generic
pricing assumptions enabled. All inputs and assumptions aligned with those detailed in the cost—effectiveness
analysis.

Results

When compared with continuing treatment with apixaban, switching existing patients with NVAF on apixaban to
rivaroxaban was associated with an increased event rate for all clinical events, with the exception of MI (Figure 2).
While switching patients to rivaroxaban treatment was estimated to avert two Mls, an additional 25 strokes,
68 MBs, 18 ICHs, 3 SEs and 173 TIAs (per 1000 patient years) were observed in the apixaban switchers arm

versus the apixaban continuers arm over a lifetime horizon (Figure 2). Post-switch, the mean time on treatment
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Figure 2. Base case: modeled clinical event rates per 1000 patient years. Incremental values may not correspond to
the chart due to rounding.
ICH: Intracranial hemorrhage; MI: Myocardial infarction; SE: Systemic embolism; TIA: Transient ischemic attack.

Table 1. Summary of lifetime costs per patient associated with apixaban continuers and apixaban

switchers.

Costs Apixaban continuers Apixaban switchers (to rivaroxaban)
Event costs €4285.10 €8286.59
Stroke €744.50 €1317.85
MB €606.10 €1042.99
Ml €806.59 €750.50
ICH €921.47 €1324.97
SE €8.43 €25.12

TIA €1198.01 €3825.16
Long-term management costs €6497.25 €8435.27
Monitoring costs €956.84 €886.48
Drug costs €4650.32 €3748.93
Total costs €16,389.51 €21,357.27
Incremental costs €4967.76

ICH: Intracranial hemorrhage; MB: Major bleeding; MI: Myocardial infarction; SE: Systemic embolism; TIA: Transient ischemic attack.

for apixaban switchers was lower compared with apixaban continuers at 9.19 versus 10.09 years, respectively, as
apixaban switchers had higher clinical event rates leading to treatment discontinuation.

Despite having lower monitoring and drug costs, switching from apixaban to rivaroxaban treatment was associated
with higher one-off clinical event-related costs and long-term management costs, resulting in higher total healthcare
costs for apixaban switchers (€21,357 per patient) versus apixaban continuers (€16,390 per patient) (Table 1). A
substantial difference in costs were seen for one-off clinical event-related costs, where switching to rivaroxaban
resulted in higher stroke (€1318 vs €745), MB (€1043 vs €606), ICH (€1325 vs €921), SE (€25 vs €8) and
TIA (€3825 vs €1198) costs per patient over the lifetime horizon compared with continuing apixaban treatment
(Table 1). The drug costs associated with apixaban switchers (€3749) were lower than those for apixaban continuers
(€4650), reflecting the earlier introduction of generic discounting for rivaroxaban in the model (cycle 1 vs cycle 9,
respectively) and the lower mean time on treatment for apixaban switchers.

As a consequence of higher clinical event rates, switching from apixaban to rivaroxaban among patients with
NVAF resulted in fewer QALYs and LYs (-0.079 and -0.086, respectively) compared with continuing apixaban

10.57264/cer-2025-0008 J. Comp. Eff. Res. (2025) 250008 & :Becarls



Cost-effectiveness & BIA of switching from apixaban to rivaroxaban treatment among patients with NVAF ~ Research Article

Table 2. Base case: cost—effectiveness analysis results comparing apixaban switchers (to rivaroxaban)

versus apixaban continuers.

Apixaban continuers Apixaban switchers (to rivaroxaban)
Total costs €16,389.51 €21,357.27
Total QALYs 5.44 5.36
Total LYs 9.67 9.58

Incremental costs and benefits vs apixaban continuers

Incremental costs - €4967.76
Incremental QALYs - -0.079
Incremental LYs - -0.086

Cost—effectiveness vs apixaban continuers
Cost per QALY gained - Dominated
Cost per LY gained - Dominated
LY: Life year; QALY: Quality-adjusted life year.

Table 3. Probabilistic sensitivity analysis (1000 iterations): cost—effectiveness analysis results compar-

ing apixaban switchers (to rivaroxaban) versus apixaban continuers.

Apixaban continuers Apixaban switchers (to rivaroxaban)
Total costs €16,755.49 €21,425.93
Total QALYs 5.45 5.37
Total LYs 9.73 9.63

Incremental costs and benefits vs apixaban continuers

Incremental costs - €4670.44
Incremental QALYs - -0.088
Incremental LYs - -0.101

Cost—effectiveness vs apixaban continuers
Cost per QALY gained - Dominated
Cost per LY gained - Dominated
LY: Life year; QALY: Quality-adjusted life year.

treatment. Consequently, apixaban switchers were dominated (had fewer QALYs and greater costs) by apixaban
continuers (Table 2).

Sensitivity analysis

Deterministic one-way sensitivity analysis demonstrated that the most influential parameters of the model were the
probability of discontinuing treatment upon TIA event incidence, the HR for impact of prior MB for ACM, and
the HR for impact of no prior stroke for ACM (Supplementary Figure 2). Apixaban switchers remained dominated
by apixaban continuers for majority of parameter changes, with the exception of varying the HR for impact of
treatment switching for ACM, where switching to rivaroxaban resulted in positive incremental QALYs yielding an
ICER of €28,875 per QALY gained, thus was considered cost-effective versus continuing treatment with apixaban
as the ICER remained below the WTP threshold.

In line with the results of the base case, the PSA demonstrated that higher costs and fewer QALYs were observed
for apixaban switchers versus apixaban continuers, meaning apixaban switchers were dominated by apixaban
continuers (Table 3). Results of the PSA comparing the incremental costs and incremental QALYs of apixaban
switchers versus apixaban continuers across 1000 simulations is shown in Supplementary Figure 3. Most iterations
(71.0%) resided in the North-West quadrant, demonstrating that switching to rivaroxaban was more costly and
less effective. While some iterations (28.2%) resided in the North-East quadrant (i.e., switching to rivaroxaban was
more effective at a higher cost), most simulations were above the assumed WTP threshold of €48,750 thus not
considered cost-effective. At the base case WTP threshold of €48,750 the probability of apixaban switchers being
at least cost-effective was 11.30% when compared with apixaban continuers (Supplementary Figure 4).

.... 10.57264/cer-2025-0008
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Table 4. Scenario analysis with generic pricing excluded: cost-effectiveness analysis results comparing
apixaban switchers (to rivaroxaban) versus apixaban continuers.
Apixaban continuers Apixaban switchers (to rivaroxaban)

Total costs €20,146.80 €28,723.91
Total QALYs 5.44 5.36
Total LYs 9.67 9.58
Incremental costs and benefits vs apixaban continuers

Incremental costs - €8577.10

Incremental QALYs - -0.079

Incremental LYs - -0.086
Cost—effectiveness vs apixaban continuers

Cost per QALY gained - Dominated

Cost per LY gained - Dominated

LY:

Life year; QALY: Quality-adjusted life year.

Table 5. Threshold analysis of the list price for rivaroxaban with and without generic pricing assumption:

cost—effectiveness analysis results comparing apixaban switchers (to rivaroxaban) versus apixaban

continuers.
Discount to Generic pricing enabled’ Generic pricing excluded
iiatoxebanlli=dprice Incremental cost Incremental QALYs  Cost per QALY Incremental cost Incremental QALYs  Cost per QALY
0% €4967.76 -0.079 Dominated €8577.10 -0.079 Dominated
10% €4863.54 Dominated €7534.90 Dominated
20% €4759.32 Dominated €6492.69 Dominated
30% €4655.10 Dominated €5450.48 Dominated
40% €4550.87 Dominated €4408.27 Dominated
50% €4446.65 Dominated €3366.06 Dominated
60% €4342.43 Dominated €2323.85 Dominated
70% €4238.21 Dominated €1281.64 Dominated
80% €4133.99 Dominated €239.43 Dominated
90% €4029.77 Dominated -€802.78 €10,152.08 (not
cost-effective)
100% €3925.55 Dominated -€1844.99 €23,332.05 (not
cost-effective)
TFor the purpose of this threshold analysis, incremental discounts were applied to the rivaroxaban list price prior to loss of exclusivity, meaning any further discounts

due to generic pricing were applied to this discounted list price.
QALY: Quality-adjusted life year.

Scenario analyses

When using static brand prices throughout the whole time horizon to explore the exclusion of dynamic generic
pricing in the model, results predicted that apixaban switchers were still dominated (had fewer QALYs and greater
costs) by apixaban continuers (Table 4). Other scenario analyses explored the impact of employing shorter time
horizons in the model, where results indicated that apixaban switchers continued to be dominated (had fewer
QALYs and greater costs) by apixaban continuers when using both 5 and 10-year time horizons (Supplementary
Table 5). Separate threshold analyses explored the impact of the drug acquisition price of rivaroxaban on model
outcomes, applying a range of discounts to the list price of rivaroxaban. With generic pricing enabled, results of
the threshold analyses indicated that apixaban switchers continued to be dominated (had fewer QALYs and greater
costs) by apixaban continuers, despite discounts of up to 100% being applied to the list price of rivaroxaban
(Table 5). With generic pricing excluded, threshold analyses indicated that apixaban switchers were still dominated
(had fewer QALYs and greater costs) by apixaban continuers when discounts of up to 80% were applied to the list
price of rivaroxaban (Table 5). When discounts of 90-100% were applied, apixaban switchers had fewer QALYs
and less costs versus apixaban continuers, though were not considered cost-effective as the ICER remained below
the WTP threshold (Table 5). Results of a further scenario analysis exploring the assumption that all patients
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Table 6. Annual total budget impact of apixaban switchers (to rivaroxaban) versus apixaban continuers over

5 years.
Apixaban continuers Apixaban switchers Incremental
Per patient Per 1000 patients Per patient Per 1000 patients Per patient Per 1000 patients

Generic pricing assumptions enabled’

Year 1 €1426.13 €1,426,126 €1248.51 €1,248,505 -€177.62 -€177,621
Year 2 €1334.92 €1,334,923 €1019.07 €1,019,069 -€315.85 -€315,855
Year 3 €593.65 €593,648 €963.10 €963,095 €369.45 €369,447
Year 4 €570.30 €570,297 €897.52 €897,517 €327.22 €327,220
Year 5 €539.81 €539,809 €826.91 €826,908 €287.10 €287,099
Cumulative €4464.80 €4,464,804 €4955.09 €4,955,094 €490.29 €490,290

Generic pricing assumptions disabled

Year 1 €1426.13 €1,426,126 €1834.22 €1,834,217 €408.09 €408,091
Year 2 €1334.92 €1,334,923 €2065.28 €2,065,283 €730.36 €730,360
Year 3 €1234.70 €1,234,700 €1862.20 €1,862,203 €627.50 €627,503
Year 4 €1130.59 €1,130,591 €1662.49 €1,662,490 €531.90 €531,899
Year 5 €1025.40 €1,025,401 €1471.35 €1,471,353 €445.95 €445,952
Cumulative €6151.74 €6,151,742 €8895.55 €8,895,547 €2743.81 €2,743,805

T Generic prices are set as 10% of list price, assuming a discount of 90% following loss of exclusivity; generic rivaroxaban was introduced from the start of cycle 1, generic
apixaban was introduced from the start of cycle 9.
Total budget impact includes event costs, long-term management costs, monitoring costs and drug costs.

continued with lifelong therapy indicated that apixaban switchers continued to be dominated (had fewer QALYs
and greater costs) by apixaban continuers when treatment discontinuation was excluded (Supplementary Table 6).

Budget impact analysis

Switching existing patients with NVAF from apixaban to rivaroxaban was associated with higher incremental costs
compared with continuing treatment on apixaban, irrespective of generic pricing assumptions. When considering
base case generic pricing assumptions, switching existing patients from apixaban to rivaroxaban was associated
with greater budget impact, with 5-year cumulative incremental total costs per patient (per 1000 patients) of
€490 (€490,290) (Table 6). Notably, with generic pricing assumptions applied, the costs for apixaban switchers
were lower compared with apixaban continuers during the first 2 years, due to the earlier introduction of generic
discounting for rivaroxaban. In these first 2 years, switchers transitioned to generic rivaroxaban, while continuers
remained on branded apixaban. Only after the 2nd year, when apixaban also became generic (in cycle 9), did
the drug costs become comparable. The initial savings associated with switching to generic rivaroxaban were
later offset by the higher costs from the increased incidence of clinical events among switchers (Table 6). With
generic pricing assumptions disabled, switching existing patients from apixaban to rivaroxaban similarly had a
greater budget impact, with 5-year cumulative incremental total costs per patient (per 1000 patients) of €2744
(€2,743,805) (Table 6). Furthermore, switching existing patients with NVAF from apixaban to rivaroxaban was
associated with higher incremental event rates compared with continuing treatment on apixaban, with a 5-year
cumulative incremental total of 288 events per 1000 patient years (Supplementary Table 7). This resulted in higher
incremental event-related costs associated with switching to rivaroxaban, with 5-year cumulative incremental event

costs per patient (per 1000 patients) of €1393 (€1,393,276) (Supplementary Table 7).

Discussion

Although switching between DOAC therapies often occurs when treating patients with NVAF in clinical practice [16],
this topic is under investigated and there is limited understanding of the clinical and economic implications of
DOAC switching for patients and healthcare systems. Furthermore, with DOACs continuing to lose exclusivity
and more generic options coming to market, there is a need for cost—effectiveness analyses to utilize forecasted price
trajectories to inform more accurate and representative results. To the authors’ knowledge, this is the first cost—
effectiveness and budget impact analysis to evaluate the clinical and economic outcomes of switching to rivaroxaban
treatment versus continuing apixaban treatment in patients with NVAE which incorporates dynamic pricing into
the model to account for LOE and generic entry. Findings from this study indicate that switching patients with
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NVAF from apixaban to rivaroxaban was dominated (had fewer QALYs and greater costs) by continuing apixaban
treatment in a German public payer perspective over a lifetime horizon and had a greater budget impact over 5
years.

Switching between DOAC therapies may occur for various reasons, including treatment-related factors (e.g., lack
of effectiveness, ease of administration or adverse events), patient-centered factors (e.g., a lack of adherence) or
nonmedical factors (e.g., healthcare expenditure) (39). Until recently there has been a lack of data assessing the
clinical outcomes between patients continuing their initial DOAC therapy versus those who switch to a different
DOAC. As previously noted, the results from the Deitelzweig ez /. [18] study indicated that switching from apixaban
to rivaroxaban increased the risk of stroke/SE and MB versus continuing apixaban. Building upon these findings,
this cost—effectiveness analysis demonstrated that switching patients to rivaroxaban treatment resulted in higher
clinical event rates for all clinical events, with the exception of MI, when compared with continuing treatment with
apixaban. Furthermore, apixaban switchers had a lower mean time on treatment compared with continuers, due
to higher rates of event-based discontinuation. Together these results indicate that greater clinical benefits may be
achieved by retaining patients with NVAF on apixaban treatment where they can remain on treatment for longer
periods of time, where clinically appropriate.

At the time of conducting this study, it is anticipated that rivaroxaban will lose exclusivity prior to apixaban in
Germany, meaning the price of rivaroxaban will likely reduce significantly in the near future due to the market entry
of generics. While a lower acquisition price may encourage healthcare providers to favour rivaroxaban treatment,
it is necessary to consider the potential clinical and economic impact of switching to rivaroxaban in patients
with NVAE As a result, this model incorporated generic rivaroxaban acquisition pricing in cycle 1, applying a
90% discount to the brand price to reflect the expected price erosions associated with generic entries into the
market. Despite having lower drug acquisition and monitoring costs, switching to rivaroxaban was associated
with higher one-off clinical event-related costs and long-term management costs, resulting in apixaban continuers
yielding the lowest total healthcare costs. This was largely driven by the lower clinical event rates for strokes, TIAs
and MBs observed in patients continuing treatment with apixaban, which subsequently resulted in cost savings.
A separate scenario analysis using static brand prices throughout the lifetime horizon similarly concluded that
apixaban switchers remained dominated by apixaban continuers. Together these findings indicate that continuing
treatment with apixaban may result in considerable cost savings at the German healthcare system level compared
with switching to rivaroxaban, even when significant price erosions occur due to LOE.

It is important to note that the current list price of rivaroxaban is higher than apixaban, and so it is necessary
to determine whether this influences the favourable economic outcomes observed here for apixaban continuers.
To explore this, a threshold analysis applying a range of discounts to the list price for rivaroxaban was conducted
and concluded that apixaban switchers were still dominated (had fewer QALYs and greater costs) by apixaban
continuers despite a discount of 100% being applied, with generic pricing enabled. These findings consolidate that
the main driver of the results of this cost—effectiveness analysis is likely due to the incremental difference in clinical
event rates for apixaban continuers compared with apixaban switchers.

Few studies have investigated the economic implications of DOAC switching in patients with NVAF (40,41].
Prior analyses from Subash ez al. [40,41] used decision models to evaluate the cost of clinical events associated with
switching from apixaban to rivaroxaban treatment in patients with NVAF from the US and German perspective.
Results concluded that switching patients with prevalent NVAF from apixaban to rivaroxaban was associated with
an increase of €158.9 million (n = 1.05 million patients; incremental cost per patient per month: €19.59) and
$17.9 million (n = 48,838 patients; incremental cost per patient per month: $30.58) in clinical event-related costs
from the perspective of German and US healthcare payers, respectively. These results support the observations
from this study, that switching to rivaroxaban is dominated by continuing apixaban treatment in patients with
NVAE. Other economic analyses comparing the cost—effectiveness of apixaban versus other DOAC:s in patients
with NVAF similarly conclude that apixaban is a cost-effective treatment option compared with rivaroxaban [42-44].
While these analyses do not assess the impact of DOAC switching directly, these findings are consistent with
the conclusions of this study and further demonstrate the potential economic and clinical benefit of apixaban
treatment.

In the additional budget impact analysis with generic pricing assumptions enabled, switching patients from
apixaban to rivaroxaban resulted in cost savings in years 1 and 2, but incurred additional costs in years 3 to 5.
Absolute costs for apixaban (to rivaroxaban) switchers were highest in year 1 as the model assumed all patients
switched from apixaban to rivaroxaban at the end of cycle 2 (6 months), meaning the introduction of generic
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rivaroxaban in cycle 1 had no impact on costs until post-switch. Following treatment switch to generic rivaroxaban
(at the end of cycle 2), the absolute costs for apixaban (to rivaroxaban) switchers started to decrease for the remainder
of year 1. Absolute costs for apixaban continuers were highest in years 1 and 2, prior to the introduction of generic
apixaban in cycle 9; but by year 3, costs for apixaban continuers were lower than for switchers, reflecting the higher
incidence of events in the switching cohort. Overall, these results indicate that while short-term drug acquisition
savings can be made by switching existing patients with NVAF from apixaban to rivaroxaban, larger cumulative
costs were incurred over 5 years in these patients compared with patients who remained on apixaban, despite later
generic entry.

As previously noted, this is the first cost—effectiveness and budget impact analysis assessing the clinical and
economic outcomes of DOAC-to-DOAC switching in patients with NVAF, to the authors’ current knowledge.
The modelling approach used for this cost—effectiveness analysis aligns with methodologies described in prior health
technology assessments of DOAC:s in this indication and has several other strengths. For example, the inclusion of
dynamic pricing in this model to account for LOE and generic entry allows for more comprehensive and accurate
cost—effectiveness projections. Additionally, the clinical inputs utilized in the model were sourced from a real-world
evidence study, thus results may be more reflective of real-world clinical practice.

Alongside the strengths of this study, there are some limitations which should be acknowledged. First, only
apixaban and rivaroxaban were included in this study partly due to availability of data in Deitelzweig et al. (18],
the US claims database study used to provide event incidence rates in our model. While future researchers may
wish to explore other switching combinations, it is important to note that apixaban and rivaroxaban are the most
commonly used DOACs in Europe. Second, minor bleeds were not captured by the model, aligning with the
assumption from the Lopez-Lopez et 4/. [10] model that minor non-clinically relevant bleeds were not included as
transient events. As nonmajor bleeding events (including minor bleeding) have been reported in patients with AF
receiving anticoagulation therapy [45,46], this cost—effectiveness model may underestimate the burden of bleeding
events in clinical practice, thus may provide a conservative evaluation. Third, the baseline population profile and
the time to treatment switch (6 months) was based on data reported in the Deitelzweig ez al. (18] study which was
informed by a US database, thus may not be fully reflective of a German population. Similarly, an assumption was
made that the clinical event rate probabilities and HRs obtained from US-based studies were representative of a
German population. Fourth, due to a lack of German QoL data, utility inputs were not derived from German-
specific sources and so may not be fully representative of the real-world population. Nevertheless, sensitivity analyses
indicated that utility inputs were not key drivers of the model outcomes, so this is unlikely to have significant
impact on the conclusions drawn from this study. Fifth, as with any economic model, outcomes will be dependent
on the inputs selected to populate the model and different inputs may give different results. Finally, the model did
not differentiate patients based on whether DOAC-to-DOAC switches were due to medical reasons, such as a lack
of efficacy, or nonmedical reasons, such as formulary restrictions due to increasing costs or patient preferences. It is
important to acknowledge that the reasoning behind DOAC switches may effect clinical and economic outcomes
differently, though due to an absence of data to inform clinical event rates by reasons of switching, this study
utilised aggregated data to reflect the overall patient population. Future research should investigate the rationale for
DOAC switching in patients with NVAF to identify whether there are patient subgroups which may be at higher
risk of treatment changes over time.

In conclusion, switching from apixaban to rivaroxaban in patients with NVAF was associated with an increase
in total costs and a reduction in QALYs, primarily driven by an increased rate of strokes, TIA and MB events. As a
result, switching patients with NVAF from apixaban to rivaroxaban was dominated by continuing treatment with
apixaban from the German payer perspective. Meanwhile, switching existing patients from apixaban to rivaroxaban
was also associated with greater budget impact over a 5 year time horizon. These findings provide further insight
into the clinical and economic implications of DOAC switching in patients with NVAE potentially facilitating
more informed decision making,.
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Summary points

e Switching between direct oral anticoagulant (DOAC) therapies is common in clinical settings; however, there is
limited research into the economic implications of DOAC-to-DOAC switching in patients with nonvalvular atrial
fibrillation (NVAF) at the healthcare system level.

e Based on a previously published model, a cohort-level Markov model was built to assess the cost-effectiveness
and budget impact of switching patients with NVAF from apixaban to rivaroxaban compared with continuing
patients on apixaban, from the German healthcare payer perspective over a lifetime horizon.

e Due to the anticipated price erosions of DOACs following loss of exclusivity and more generic options coming to
market, dynamic pricing of apixaban and rivaroxaban was enabled in the model based on forecasted loss of
exclusivity timings in Germany at the time of model development in January 2024.

e The study primarily focused on the incremental cost-effectiveness ratio, measured using cost per quality-adjusted
life year (QALY) gained, and a willingness-to-pay threshold of €48,750 was used to assess cost—effectiveness based
on WHO guidance.

e Switching patients with NVAF from apixaban to rivaroxaban was associated with an increased event rate for all
clinical events modeled (stroke, major bleeding, intracranial hemorrhage, systemic embolism and transient
ischemic attack), with the exception of myocardial infarction, when compared with continuing apixaban
treatment.

e Over a lifetime horizon, apixaban switchers accrued higher total costs (€4968) and fewer QALYs (-0.079)
compared with continuing apixaban treatment.

e In the base case analysis, with generic pricing assumptions enabled, results indicated that switching patients with
NVAF from apixaban to rivaroxaban was dominated (i.e., had fewer QALYs and greater costs) by continuing
treatment with apixaban, from the German healthcare payer perspective.

e A scenario analysis using static brand prices throughout the time horizon to explore the exclusion of generic
pricing assumptions in the model predicted that apixaban switchers remained dominated by apixaban continuers.

e In the budget impact analysis using generic pricing assumptions, switching patients from apixaban to rivaroxaban
incurred €490 in additional cumulative costs per patient over 5 years.

e Switching from apixaban to rivaroxaban among patients with NVAF was associated with a substantial increase in
direct healthcare costs and a reduction in QALYs, mostly driven by an increased rate of strokes, transient ischemic
attacks and major bleeding events.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: https://bpl-prod.literatumonline.
com/doi/10.57264 /cer-2025-0008

Author contributions

All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article.
All authors participated in the concept and design of the paper. R Subash, V Vasilopoulos and E Stawowczyk conducted the
data acquisition/analysis and performed the modelling. C Dickerson and C Salter drafted the manuscript. T Strakosch, M Zhang,
M Hagan, E Dworatzek and A Kisser provided critical feedback and supervision throughout the research process. All authors
participated in data interpretation and critical revision of the paper. Final approval of the manuscript was given by all authors.

Financial disclosure
This study was sponsored by the Pfizer and Bristol Myers Squibb Alliance.

Competing interests disclosure

R Subash, E Dworatzek and A Kisser are employees and shareholders of Pfizer. M Zhang is an employee of Bristol Myers Squibb
and the University of Southern California. M Hagan was an employee of Bristol Myers Squibb at the time of writing this study. T
Strakosch was an employee of FIECON at the time of writing this study; FIECON received funding from the Pfizer/Bristol Myers
Squibb Alliance in connection with the conduct of this study. C Salter, C Dickerson and E Stawowczyk are employees of Health
Economics and Outcomes Research Ltd., HEOR Ltd. received funding from the Pfizer/Bristol Myers Squibb Alliance in connection
with the development of this manuscript and conduct of the study. V Vasilopoulos was an employee of HEOR Ltd. at the time
of writing this study. The authors have no other competing interests or relevant affiliations with any organization/entity with a
financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

/3
10.57264/cer-2025-0008 J. Comp. Eff. Res. (2025) 250008 &aBecars


https://bpl-prod.literatumonline.com/doi/10.57264/cer-2025-0008

Cost-effectiveness & BIA of switching from apixaban to rivaroxaban treatment among patients with NVAF ~ Research Article

Writing disclosure
No editorial/medical writing support was provided in relation to this study.

Data sharing statement
Upon request, and subject to review, Pfizer/Bristol Myers Squibb Alliance will provide data that support the findings of this study.

Open access
This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,
visit https://creativecommons.org/licenses/by-nc-nd/4.0/

References

Papers of special note have been highlighted as: e of interest; ®® of considerable interest

1. Linz D, Gawalko M, Betz K ¢z a/. Atrial fibrillation: epidemiology, screening and digital health. Lancer Reg. Health Eur. 37, 100786
(2024).

2. Kirijthe BP, Kunst A, Benjamin EJ ez 4/. Projections on the number of individuals with atrial fibrillation in the European Union, from
2000 to 2060. Eur. Heart J. 34(35), 2746-2751 (2013).

3. DiCarlo A, Bellino L, Consoli D ¢z al. Prevalence of atrial fibrillation in the Italian elderly population and projections from 2020 to
2060 for Italy and the European Union: the FAI Project. Europace 21(10), 1468-1475 (2019).

4. Van Gelder IC, Rienstra M, Bunting KV ¢z a/. 2024 ESC Guidelines for the management of atrial fibrillation developed in collaboration
with the European Association for Cardio-Thoracic Surgery (EACTS): developed by the task force for the management of atrial
fibrillation of the European Society of Cardiology (ESC), with the special contribution of the European Heart Rhythm Association
(EHRA) of the ESC. Endorsed by the European Stroke Organisation (ESO). Eur. Heart J. 45(36), 33143414 (2024).

5. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the Framingham Study. Stroke 22(8),
983-988 (1991).

6. Lamassa M, Di Carlo A, Pracucci G et al. Characteristics, outcome, and care of stroke associated with atrial fibrillation in Europe: data
from a multicenter multinational hospital-based registry (The European Community Stroke Project). Stroke 32(2), 392-398 (2001).

7. Marini C, De Santis F, Sacco S ez al. Contribution of atrial fibrillation to incidence and outcome of ischemic stroke: results from a
population-based study. Stroke 36(6), 1115-1119 (2005).

8. Rush KL, Seaton CL, Burton L ¢# a/. Quality of life among patients with atrial fibrillation: a theoretically-guided cross-sectional study.
PLoS ONE 18(10), €0291575 (2023).

9. McBride D, Mattenklotz AM, Willich SN, Briiggenjiirgen B. The costs of care in atrial fibrillation and the effect of treatment modalities
in Germany. Value Health 12(2), 293-301 (2009).

10. Lopez-Lopez JA, Sterne JAC, Thom HHZ ez al. Oral anticoagulants for prevention of stroke in atrial fibrillation: systematic review,
network meta-analysis, and cost effectiveness analysis. BMJ 359, j5058 (2017).

ee  Model built based on a structure published in this study.

11.  Connolly SJ, Ezekowitz MD, Yusuf S ez al. Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 361(12),
1139-1151 (2009).

12. Patel MR, Mahaffey KW, Garg ] et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N. Engl. J. Med. 365(10), 883-891
o11).

13.  Granger CB, Alexander JH, McMurray JJ ¢t al. Apixaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 365(11),
981-992 (2011).

14. Giugliano RP, Ruff CT, Braunwald E ez /. Edoxaban versus warfarin in patients with atrial fibrillation. N. Engl. . Med. 369(22),
2093-2104 (2013).

15. Ruff CT, Giugliano RP, Braunwald E ez a/. Comparison of the efficacy and safety of new oral anticoagulants with warfarin in patients
with atrial fibrillation: a meta-analysis of randomised trials. Lancet 383(9921), 955-962 (2014).

16. Romoli M, Marchetti G, Bernardini F, Urbinati S. Switching between direct oral anticoagulants: a systematic review and meta-analysis.

J. Thromb. Thrombolysis 52(2), 560-566 (2021).

17.  Manzoor BS, Walton SM, Sharp LK, Galanter WL, Lee TA, Nutescu EA. High number of newly initiated direct oral anticoagulant users
switch to alternate anticoagulant therapy. /. Thromb. Thrombolysis 44(4), 435-441 (2017).

18. Deitelzweig S, Kang A, Jiang J ez 4l. Clinical impact of switching or continuation of apixaban or rivaroxaban among patients with
non-valvular atrial fibrillation. /. Clin. Med. 13(4), (2024).

ee A US retrospective observational study that reports clinical event hazard ratios for patients with nonvalvular atrial fibrillation
(NVAF) switching from initial apixaban therapy to rivaroxaban.

\\\\\\\ 10.57264/cer-2025-0008


https://creativecommons.org/licenses/by-nc-nd/4.0/

Research Article  Subash, Strakosch, Zhang et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

30.

37.

38.

39.

40.

41.

Neumann PJ, Podolsky MI, Basu A, Ollendorf DA, Cohen JT. Do cost-effectiveness analyses account for drug genericization? A
literature review and assessment of implications. Value Health 25(1), 59-68 (2022).

Lakdawalla D, Phelps CE, Arndorfer S, Incerti D, Masia N. Getting the math right when measuring the value of new medicines. White
Paper (2023). (Accessed: 18 June 2024). https://www.nopatientlef tbehind.org/resource- materials/4wrddq4u40fbg0gvodo7lpynk207a4
Subash R, Duan C, Shah A ez a/. Decision model to evaluate the cost of clinical events associated with switching from apixaban to
rivaroxaban among patients with non-valvular atrial fibrillation in the United States and Germany. /. Med. Econ. 28(1), 224-234 (2025).
Decision model evaluating the cost of clinical events associated with switching from apixaban to rivaroxaban treatment in

patients with NVAF from US and German perspectives.

Husereau D, Drummond M, Augustovski F ¢z a/. Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS
2022) Statement: updated reporting guidance for health economic evaluations. Value Health 25(1), 3-9 (2022).

Sterne JA, Bodalia PN, Bryden PA ¢z a/. Oral anticoagulants for primary prevention, treatment and secondary prevention of venous
thromboembolic disease, and for prevention of stroke in atrial fibrillation: systematic review, network meta-analysis and cost-effectiveness
analysis. Health Technol. Assess. 21(9), 1-386 (2017).

Model built based on a structure published in this study.

Kansal AR, Sorensen SV, Gani R, Robinson P, Pan F, Plumb JM e a/. Cost-effectiveness of dabigatran etexilate for the prevention of
stroke and systemic embolism in UK patients with atrial fibrillation. Heart 98(7), 573-578 (2012).

The independent Institute for Quality and Efficiency in Health Care (Institut fiir Qualitit und Wirtschaftlichkeit im Gesundheitswesen
I. General Methods Version 7.0. (2023). (Accessed: 14 June 2024). https://www.iqwig.de/en/about-us/methods/methods- paper/

Statista. Gross Domestic Product per capita in the European Union in 2023, by member state. (2024). (Accessed: 18 September 2024).
heeps://www.statista.com/statistics/ 1373462/gdp- per-capita-eu-member-states-2022/
Willingness-to-pay threshold based on one times the Gross Domestic Product per capita in Germany, 2023.

World Health Organization. Macroeconomics and health: investing in health for economic development / report of the Commission on

Macroeconomics and Health 2001. (Accessed: 18 September 2024). https://iris.who.int/handle/10665/42435

GENESIS-Online Statistisches Bundesamt. 12621-0001: life table (period life table): germany, years, gender, completed age. (2022).
(Accessed: 7 August 2024). https://www-genesis.destatis.de/genesis/online?operation=table&code=12621-00018&bypass=true&levelinde
x=0&levelid=1715253114804#abreadcrumb

Berg J, Lindgren P, Nieuwlaat R, Bouin O, Crijns H. Factors determining utility measured with the EQ-5D in patients with atrial
fibrillation. Qual. Life Res. 19(3), 381-390 (2010).

Haacke C, Althaus A, Spottke A, Siebert U, Back T, Dodel R. Long-term outcome after stroke: evaluating health-related quality of life
using utility measurements. Stroke 37(1), 193-198 (2006).

Kind P, Hardman G, Macran S. The University of York Centre for Health Economics. UK Population Norms for EQ-5D (1999).
(Accessed: 10 October 2024). https://www.york.ac.uk/che/pdf/DP172.pdf

Birkemeyer R, Miiller A, Wahler S, von der Schulenburg JM. A cost-effectiveness analysis model of preventicus atrial fibrillation
screening from the point of view of statutory health insurance in Germany. Health Econ. Rev. 10(1), 16 (2020).

Schmid T. Costs of treating cardiovascular events in Germany: a systematic literature review. Health Econ. Rev. 5(1), 27 (2015).

InEK GmbH - Institute for the Remuneration System in Hospitals. Catalogue of flat rates per case 2024. (2024). (Accessed: 30 July
2024). https://www.g-drg.de/ag-drg-system-2024/fallpauschalen-katalog/fallpauschalen-katalog-20242

CGM LAUER. LAUER-TAXE online 4.0. (2024). (Accessed: 4 July 2024).
heeps://portal.cgmlauer.cgm.com/LF/default.aspx?p = 12000%09%20

Destatis Statistisches Bundesamt. Consumer price index and inflation rate. (Accessed: 1 May 2024).
heeps://www.destatis.de/DE/Themen/Wirtschaft/Preise/ Verbraucherpreisindex/_inhalt.html

Bayer. European Patent Office maintained Bayer patent on the once-daily administration of rivaroxaban (Xarelto™). (2021). (Accessed:
14 March 2025). https://www.bayer.com/media/en-us/european- patent-of fice- maintained-bayer- patent-on- the-once-daily-administra
tion-of-rivaroxaban-xareltotm/

Bristol Myers Squibb. Investor statement on Eliquis revenue under IRA. (2024). (Accessed: 14 March 2025).
hteps://www.bms.com/investor-statement-on-eliquis- revenue-under-ira.html

Kefale AT, Peterson GM, Bezabhe WM, Bereznicki LR. Switching of oral anticoagulants in patients with nonvalvular atrial fibrillation: a
narrative review. Brit. J. Clin. Pharmacol. 88(2), 514-534 (2022).

Subash R, Shah A, Duan C, Hines D, Zhang M, Hagan M. Decision model to evaluate the cost of clinical events associated with
switching from apixaban to rivaroxaban among patients with non-valvular atrial fibrillation in Germany. Presented at: I[SPOR—The
Professional Society for Health Economics and Outcomes Research, GA, USA (5-8 May 2024). Poster EE288.

Subash R, Shah A, Duan C, Hines D, Zhang M, Hagan M. Decision model to evaluate the cost of clinical events associated with
switching from apixaban to rivaroxaban among patients with non-valvular atrial fibrillation in the United States. Presented at:
ISPOR—The Professional Society for Health Economics and Outcomes Research, GA, USA (5-8 May 2024). Poster EE188.

10.57264/cer-2025-0008

Py
J. Comp. Eff. Res. (2025) 250008 saBecarls


https://www.nopatientleftbehind.org/resource-materials/4wrddq4u40fbg0gvodo7lpynk207a4
https://www.iqwig.de/en/about-us/methods/methods-paper/
https://www.statista.com/statistics/1373462/gdp-per-capita-eu-member-states-2022/
https://iris.who.int/handle/10665/42435
https://www-genesis.destatis.de/genesis/online?operation=table&code=12621-0001&bypass=true&levelindex=0&levelid=1715253114804#abreadcrumb
https://www.york.ac.uk/che/pdf/DP172.pdf
https://www.g-drg.de/ag-drg-system-2024/fallpauschalen-katalog/fallpauschalen-katalog-20242
https://portal.cgmlauer.cgm.com/LF/default.aspx?p\protect \unhbox \voidb@x \penalty \@M \ =\protect \unhbox \voidb@x \penalty \@M \ 12000%09%20
https://www.destatis.de/DE/Themen/Wirtschaft/Preise/Verbraucherpreisindex/_inhalt.html
https://www.bayer.com/media/en-us/european-patent-office-maintained-bayer-patent-on-the-once-daily-administration-of-rivaroxaban-xareltotm/
https://www.bms.com/investor-statement-on-eliquis-revenue-under-ira.html

42.

43.

44,

45.

46.

Cost—effectiveness & BIA of switching from apixaban to rivaroxaban treatment among patients with NVAF

Decision model evaluating the cost of clinical events associated with switching from apixaban to rivaroxaban treatment in
patients with NVAF from the US perspective.

Walter E, Voit M, Eichhober G. Cost-effectiveness analysis of apixaban compared to other direct oral anticoagulants for prevention of
stroke in Austrian atrial fibrillation patients. Expert Rev. Pharmacoecon. Outcomes Res. 21(2), 265-275 (2021).

Lip GY, Kongnakorn T, Phatak H ez al. Cost-effectiveness of apixaban versus other new oral anticoagulants for stroke prevention in

atrial fibrillation. Clin. Ther. 36(2), 192-210.e20 (2014).

Hallinen T, Soini E, Asseburg C et al. Cost-effectiveness of apixaban versus other direct oral anticoagulants and warfarin in the
8 )
prevention of thromboembolic complications among finnish patients with non-valvular atrial fibrillation. Clinicoecon. Outcomes Res. 13,

745-755 (2021).

Bahit MC, Lopes RD, Wojdyla DM ez a/. Non-major bleeding with apixaban versus warfarin in patients with atrial fibrillation. Heart
103(8), 623 (2017).

Beyer-Westendorf ], Férster K, Pannach S ez /. Rates, management, and outcome of rivaroxaban bleeding in daily care: results from the

Dresden NOAC registry. Blood 124(6), 955-962 (2014).

Research Article

10.57264/cer-2025-0008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


