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Abstract

Background:

Rivaroxaban is the first oral factor Xa inhibitor approved in the US to reduce the risk of stroke and blood clots

among people with non-valvular atrial fibrillation, treat deep vein thrombosis (DVT), treat pulmonary

embolism (PE), reduce the risk of recurrence of DVT and PE, and prevent DVT and PE after knee or hip

replacement surgery. The objective of this study was to evaluate the costs from a hospital perspective of

treating patients with rivaroxaban vs other anticoagulant agents across these five populations.

Methods:

An economic model was developed using treatment regimens from the ROCKET-AF, EINSTEIN-DVT and PE,

and RECORD1-3 randomized clinical trials. The distribution of hospital admissions used in the model across

the different populations was derived from the 2010 Healthcare Cost and Utilization Project database. The

model compared total costs of anticoagulant treatment, monitoring, inpatient stay, and administration for

patients receiving rivaroxaban vs other anticoagulant agents. The length of inpatient stay (LOS) was

determined from the literature.

Results:

Across all populations, rivaroxaban was associated with an overall mean cost savings of $1520 per patient.

The largest cost savings associated with rivaroxaban was observed in patients with DVT or PE ($6205 and

$2742 per patient, respectively). The main driver of the cost savings resulted from the reduction in LOS

associated with rivaroxaban, contributing to �90% of the total savings. Furthermore, the overall mean

anticoagulant treatment cost was lower for rivaroxaban vs the reference groups.

Limitations:

The distribution of patients across indications used in the model may not be generalizable to all hospitals,

where practice patterns may vary, and average LOS cost may not reflect the actual reimbursements that

hospitals received.

Conclusion:

From a hospital perspective, the use of rivaroxaban may be associated with cost savings when compared to

other anticoagulant treatments due to lower drug cost and shorter LOS associated with rivaroxaban.

Introduction

Rivaroxaban was approved by the US Food and Drug Administration in 2011
and is the first oral factor Xa inhibitor used to reduce the risk of stroke and blood
clots among people with non-valvular atrial fibrillation (NVAF), treat deep vein
thrombosis (DVT), treat pulmonary embolism (PE), reduce the risk of recur-
rence of DVT and PE, serve as a prophylaxis of DVT, which may lead to PE, after
knee replacement surgery, and serve as a prophylaxis of DVT after hip replace-
ment surgery1. Clinical studies have shown the efficacy of rivaroxaban compared
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with other anticoagulant treatments for patients with
NVAF, DVT, PE, knee, and hip replacement surgery,
separately2–7.

Each of these indications is associated with significant
costs to the healthcare system; and cost analyses have
been reported for each population independently8–10.
For AF, over 460,000 hospitalizations were admitted
each year with an estimated direct cost of $20,670 per
AF patient10. In a retrospective claims study, the cost of
hospitalization for primary DVT was $9805 per patient as
compared to PE with an estimate of $14,146 per patient8.
The American College of Chest Physicians (ACCP)
recommended pharmacological prophylaxis for a min-
imum of 10 days up to 35 days after total knee or hip
surgery11. The total hospital cost of knee or hip surgeries
was $16,267 per patient and $17,588 per patient,
respectively9.

Despite the extensive literature describing the safety
and efficacy profiles of rivaroxaban across these indica-
tions, there is a paucity of research assessing the utiliza-
tion and cost of rivaroxaban across all five patient
populations, specifically, in the inpatient setting. Given
the substantial inpatient cost burden associated with each
of these disease areas and the multiple indications that
rivaroxaban may be used, an economic model that evalu-
ates the cost of rivaroxaban across the five populations
(NVAF, DVT, PE, knee, and hip surgeries) vs tradition-
ally used anticoagulant agents (e.g., enoxaparin and war-
farin) would be informative in the selection of inpatient
anticoagulant treatment therapies. To fulfil this gap in
the literature, we developed an economic model to evalu-
ate the costs from a hospital perspective of treating
patients with rivaroxaban vs other anticoagulant agents
across these five populations.

Methods

An economic model from a hospital perspective was devel-
oped using treatment regimens from the ROCKET-AF,
EINSTEIN-DVT and PE, and RECORD1-3 randomized
clinical trials that compared rivaroxaban with vitamin K
antagonist (e.g., warfarin), enoxaparin plus warfarin, and
enoxaparin alone, respectively, among patients with
NVAF, DVT, PE, knee, and hip surgeries (Table 1).

Study populations

The distribution of hospital admissions across the different
study populations used in the model was derived from the
2010 Healthcare Cost and Utilization Project (HCUP)
database, as described in Table 2. The HCUP distribution
(24.6% for NVAF, 9.3% for DVT, 10.4% for PE, 38.2% for
knee replacement surgery, and 17.5% for hip replacement
surgery) was applied to a hypothetical cohort of 1636 inpa-
tients, a sample approximating the total number of admis-
sions per hospital in 2010 for these five conditions. We
determined this number by dividing the average number of
admissions for the five populations by the number of hos-
pitals in the 2010 HCUP database.

Resource utilization and costs

Resource utilization and cost were evaluated from the hos-
pital perspective to the extent that treatment and care
occurred in the hospital setting. We classified cost into
four categories: anticoagulant treatment, monitoring,
inpatient stay, and administration and patient education.

Dosage and treatment schedules were obtained
from the ROCKET-AF, EINSTEIN-DVT and PE, and

Table 1. Summary of pivotal trials of rivaroxaban by population.

Population Trial Treatment comparator n* Age, yearsy Male, n (%)

NVAF ROCKET AF Rivaroxaban 7131 73 (65–78) 4300 (60)
Warfarin 7133 73 (65–78) 4301 (60)

DVT EINSTEIN DVT Rivaroxaban 1731 56 (16) 993 (57)
EnoxaparinþWarfarin 1718 56 (16) 967 (56)

PE EINSTEIN PE Rivaroxaban 2419 58 (7) 1309 (54)
EnoxaparinþWarfarin 2413 58 (7) 1247 (52)

Knee RECORD3 Rivaroxaban 1220 68 (28–91) 363 (30)
Enoxaparin 1239 68 (30–90) 418 (34)

Hip RECORD1 Rivaroxaban 2209 63 (18–91) 989 (45)
Enoxaparin 2224 63 (18–93) 982 (44)

RECORD2 Rivaroxaban 1228 61 (18–93) 561 (46)
Enoxaparin 1229 62 (19–93) 578 (47)

*The sample counts for the ROCKET AF, EINSTEIN DVT, and PE trials were based on the intention-to-treat population,
while the RECORD1-3 trials were based on the safety population.
yThe ROCKET AF trial reported the median age with interquartile range, EINSTEIN DVT, and PE reported mean age with SD,
and the RECORD1-3 reported mean age with range.
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RECORD1-3 trials. Anticoagulant costs for rivaroxaban,
enoxaparin, and warfarin were based on the Wholesale
Acquisition Costs (WAC) and were obtained from RED
BOOK12 and AnalySource13 (Table 3). Generic brands
were selected for enoxaparin and warfarin. An average
weight of 80 kg was assumed for the weight-based dosing
of enoxaparin for patients treated for DVT and PE.

Associated costs of treatment regimens such as warfarin
that required monitoring were included. The frequency
of monitoring was once-per-day at an average cost
of $5.56 per test14. Costs of anticoagulant and monitoring
were restricted to the inpatient stay only. Outpatient
costs were not included in the model. No adverse events
and associated costs were considered in the model, as
the respective clinical trials showed that the adverse
event profile of rivaroxaban was similar to or better than

its comparators, specifically, among DVT and PE
patients2–7.

Information on the difference in length of stay (LOS)
for NVAF, DVT and PE patients receiving rivaroxaban
and comparators was obtained from the published litera-
ture. Among adult patients with NVAF, a recent study
using data from the Premier Perspective Comparative
Hospital Database reported that rivaroxaban was asso-
ciated with shortened inpatient stay by a median of 1
day compared with warfarin15. In this retrospective
study, patients receiving rivaroxaban during initial hospi-
talization for NVAF were matched to patients receiving
warfarin15. Rivaroxaban treated NVAF patients had a
mean (median) hospital LOS of 4.46 (3) days compared
with warfarin-treated NVAF patients who had a mean
(median) hospital LOS of 5.27 (4) days15. In the

Table 3. Model inputs.

Population

NVAF DVT PE Knee Hip Source

Resource utilization
Length of stay

Rivaroxaban 3.0 5.0 6.0 3.0 3.0 Laliberte et al.15;
Van Bellen et al.16; HCUPnet21

Warfarin 4.0 – – – – Laliberte et al.15

Enoxaparin – – – 3.0 3.0 HCUPnet21

Enoxaparin/warfarin – 8.0 7.0 – – EINSTEIN DVT/PE2,3

Frequency of PT/INR tests performed per day 1.0 1.0 1.0 – – Assumption

Unit costs
Anticoagulant treatment cost

Rivaroxaban (20/15/10 mg QD) $8.84 – – $8.84 $8.84 AnalySource13

Rivaroxaban (2.5/5/15 mg BID) – $17.68 $17.68 – – AnalySource13

Generic enoxaparin (1 mg/kg BID) – $88.00 $88.00 – – RED BOOK12; assume
80 kg weight

Generic enoxaparin (40 mg DQ) – – – $22.00 $22.00 RED BOOK12

Generic warfarin (per day) $0.12 $0.12 $0.12 – – RED BOOK12

Monitoring cost
PT/INR monitoring $5.56 $5.56 $5.56 – – Center for Medicare and

Medicaid Services14

Inpatient stay cost
Cost per day (2012 USD) $2586 $1848 $2192 $5155 $5214 HCUPnet21

Table 2. Population distribution.

Population

NVAF DVT PE Knee Hip

ICD-9 code 427.31 451.11–451.19, 451.2,
453.40–453.42, 453.8–453.89, 453.9

415.11–415.19 81.54 81.51

Inputs from HCUP21

Number of admissions 422,933 160,363 179,160 656,635 301,798
% as overall number of admissions 24.6% 9.3% 10.4% 38.2% 17.5%
Mean cost per inpatient stay (2010 USD) $8474 $8304 $11,083 $15,924 $16,596
Mean length of stay (days) 3.5 4.8 5.4 3.3 3.4

Economic model inputs
Number of admissions in the assumed cohort 403 152 170 625 286
Mean cost per day (2010 USD) $2421 $1730 $2052 $4825 $4881

Journal of Medical Economics Volume 17, Number 7 July 2014

494 Cost-analysis model for anticoagulant treatment Mody et al. www.informahealthcare.com/jme ! 2014 Informa UK Ltd



EINSTEIN DVT and PE trials, shortened LOS by 3 days
(p50.0001) and 1 day (p50.0001), respectively, were
observed for the initial hospitalization of patients treated
with rivaroxaban compared with enoxaparin plus war-
farin16. Differences in LOS for NVAF, DVT, and PE
reported in these studies were included in this economic
model. For knee or hip replacement surgery patients, dif-
ferences in LOS were not available and an assumption of
no difference in LOS among patients taking rivaroxaban
and enoxaparin was made. Mean LOS for knee and hip
replacement surgery patients were obtained from the
HCUP database.

In the HCUP database, International Statistical
Classification of Diseases, 9th Revision (ICD-9), was
used to identify inpatient stay related to NVAF, DVT,
PE, knee, and hip replacement surgeries. For each popula-
tion, the mean inpatient cost per day was calculated by
dividing the mean cost per inpatient stay by the mean LOS
obtained from the HCUP database (Table 2). We com-
puted cost of hospitalization in the model by taking the
mean inpatient cost per day multiplied by LOS for each
population. All costs were inflated to 2012 US dollars
based on the medical care component of the Consumer
Price Index.

Cost analysis

The economic model estimated the cost differences
between rivaroxaban and other anticoagulants for the
five populations. We assumed all patients were exclusively
taking rivaroxaban or other anticoagulant treatments
during hospitalizations. For each patient population, the
proportion of the cost differences from each inpatient cost
component (anticoagulant treatment, monitoring, and
inpatient stay costs) was compared between treatment
groups.

One-way sensitivity analyses were conducted by vary-
ing the difference in hospital LOS, the inpatient cost per
day, and the proportion of patients receiving rivaroxaban
in the model. For the hospital LOS, the upper bound of the
sensitivity analysis was based on the difference in the 75th

percentile LOS between rivaroxaban and comparators
from the literature. For the lower bound, no difference in
LOS between rivaroxaban and comparators was assumed

for each population. For inpatient cost, mean cost per day
was varied by �50% from the base case values for the
sensitivity analysis. Finally, we assumed that the lower
bound was 50% for the proportion of patients receiving
rivaroxaban.

Results

Across all populations, rivaroxaban was associated with
an overall mean cost savings of $1520 per patient, or
�$2.4 million for the cohort. The estimated cost savings
associated with rivaroxaban for the NVAF, DVT, PE, knee
surgery, and hip surgery populations were $2582, $6205,
$2742, $39, and $39 per patient, respectively (Table 4).
The main driver of the cost savings resulted from the
reduction in LOS associated with rivaroxaban, contribut-
ing to�90% of the total savings (Table 5). Anticoagulant
treatment contributed 8% of potential cost savings.
The cost saving as a percentage of total cost was most
impactful for NVAF, DVT, and PE (�25%, 40%, and
17%, respectively) due to both a reduction in the LOS
and a decrease in the cost of anticoagulant for DVT and
PE patients. The modest cost savings observed for knee and
hip replacement surgeries were driven by differences in
anticoagulant treatment costs (i.e., rivaroxaban vs generic
enoxaparin).

Table 4. Economic model of inpatient hospital cost (2012 USD) per patient.

Population

Cost savings analysis ($) NVAF DVT PE Knee Hip Overall*

Total costs under other agents 10,368 15,533 16,003 15,530 15,708 14,340
Total costs under rivaroxaban 7785 9328 13,260 15,490 15,669 12,821
Potential savings 2582 6205 2742 39 39 1520
Savings as a percentage of total costs under other agents 24.9% 39.9% 17.1% 0.3% 0.3% 10.6%

*The overall potential cost savings per patient is a weighted average of the five populations based on the HCUP hospital admission distribution from Table 2.

Table 5. Simulated potential cost savings (2012 USD) per patient.

Population

NVAF DVT PE Knee Hip Overall*

Total 2582 6205 2742 39 39 1520
Anticoagulant

treatment
�26y 617 511 39 39 126

Monitoring 22 44 39 0 0 14
Inpatient stay 2586 5544 2192 0 0 1380
Administration/

education/other
0 0 0 0 0 0

*The overall potential cost savings per patient is a weighted average of the
five populations based on the HCUP hospital admission distribution from
Table 2.
yA negative value indicates higher costs per patient for rivaroxaban.
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Sensitivity analyses

The extent of cost savings based on the lower and upper
bound for the LOS difference, inpatient cost per day, and
percentage of rivaroxaban usage is illustrated in Table 6.
Cost savings could be as high as $2233 per patient based on
the sensitivity analyses examining the difference in LOS
of 1, 3, and 4 days for NVAF, DVT, and PE, respectively.
Even when no difference in LOS was assumed for NVAF,
DVT, and PE patients, cost savings of $102 per patient
were observed due to overall differences in medication
costs, specifically, for patients with DVT, PE, hip, and
knee surgeries. When the inpatient cost per day was
varied by �50% for NVAF, DVT, and PE patients, the
total cost savings per patient ranged from $830–$2209.
At rivaroxaban usage rate of 50%, the potential cost sav-
ings were $760 per patient.

Discussion

From a hospital perspective, rivaroxaban is associated with
important cost savings based on the results of the current
cost-analysis model across all five populations. Apart from
the potential cost-savings that rivaroxaban offers, many
key characteristics about the agent differentiate it from
existing anticoagulants previously administered (i.e.,
enoxaparin, warfarin) for NVAF, DVT, PE patients, and
prophylaxis for patients who had knee or hip replacement
surgeries. Rivaroxaban is a novel orally-administered anti-
coagulant, has a rapid onset of action with maximum
plasma concentrations achieved 1–4 h after oral adminis-
tration, fixed dosing schedule, no known food interaction,
minimum interactions with other pharmacologic agents,
and does not require daily laboratory monitoring17. As a
result of no daily monitoring of International Normalized
Ratio (INR), hospital discharges may occur quicker for
rivaroxaban-treated patients than other anticoagulant
treatment because clinicians are not required to wait for
patients to achieve a therapeutic INR18.

In the economic model from the hospital perspective,
patients receiving rivaroxaban resulted in less resource
utilization for the hospital which translated to potential
cost savings. The economic model showed that the major-
ity of the cost savings resulted from the reduction in LOS
observed in the NVAF, DVT, and PE patient populations.
Anticoagulant treatment and monitoring costs also con-
tributed to a small percentage of the overall cost savings.
The cost of anticoagulant treatment was lower than the
generic enoxaparin for DVT, PE, knee, and hip replace-
ment surgery patients, while it was higher for NVAF
patients (i.e., when compared to generic warfarin).

Consistent with the literature, Bullano et al.19 found
that over 50% of the cost of the VTE follow-up manage-
ment was driven by LOS and shortening LOS would
reduce the overall cost to treat VTE patients. The sensi-
tivity analyses examining the LOS difference across
NVAF, DVT, and PE showed that the potential cost-sav-
ings at the upper bound of LOS difference could be as high
as $2233 per patient or �$3.5 million for the cohort.
When no difference in LOS across the five populations
was assumed, the economic cost of treating patients with
rivaroxaban was still cost-saving when patients received
rivaroxaban (cost-saving of $102 per patient or $167,434
for the cohort). This finding suggests that, even with no
difference in LOS, a small cost saving may be incurred due
to lower anticoagulant treatment costs among patients
receiving rivaroxaban compared with other anticoagulant
treatments.

For patients who had knee or hip replacement surgeries,
no difference in LOS was conservatively assumed; thus,
cost savings resulted from the difference in cost between
rivaroxaban and generic enoxaparin treatment. Beyer-
Westendorf et al.20 compared LOS as an end-point
among knee and hip replacement patients taking rivarox-
aban and a low-molecular-weight heparin (LMWH). The
study utilized the ORTHO-TEP registry from 2006–2011
and found that patients on rivaroxaban had shorter LOS
compared to LMWH patients (8.3 days vs 11.08 days,
p50.001). Because clinical practice patterns may not be

Table 6. One-way sensitivity analyses—simulated potential cost savings per patient by varying input parameters.

Parameter value Cost savings under rivaroxaban ($)

Parameters Lower bound Upper bound Lower bound Upper bound

LOS difference (days)* 0 NVAF: 1, DVT: 3, PE: 4 102 2233
Inpatient stay cost ($)

All populations – – 830 2209
NVAF 1293 3879 1201 1838
DVT 924 2772 1262 1777
PE 1096 3289 1406 1634

Rivaroxaban usage rate 50% 100% 760 1520

*For the lower bound cost savings, no difference in LOS between rivaroxaban and comparators for each population was
assumed. For the upper bound cost savings, the difference in the 75th percentile LOS between rivaroxaban and com-
parators for NVAF, DVT, and PE was applied.
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representative of that in the US, we did not apply the LOS
data to the knee and hip replacement patient population.
We took a conservative approach and assumed no differ-
ence in the LOS between rivaroxaban and the comparator
agent for patients receiving knee or hip replacement sur-
geries. Furthermore, costs for administration were assumed
to be the same across the five populations in the model.
Additional potential cost savings may be observed and not
accounted for in the model from the reduction in patients’
burden and clinicians’ workload because injection or INR
monitoring is not required for patients receiving
rivaroxaban.

The model assumed that all patients received rivarox-
aban. The assumption of 100% rivaroxaban usage rate may
not be observed in the ‘real-world’ setting because of phys-
icians’ treatment patterns and patients’ conditions. For
example, Weitz and Gross17 provided a table to assist phys-
icians in selecting anticoagulants based on patient charac-
teristics. If patients were stable on anticoagulant treatment
such as warfarin and INR values were mostly in the thera-
peutic range, then there is less need to choose rivaroxaban
unless the patient preferred the convenience of an oral
anticoagulant that does not require monitoring. To address
the variability in the percentage of patients receiving riv-
aroxaban, sensitivity analyses were performed and showed
that cost savings remained even when a rivaroxaban usage
rate was lower.

Several strengths are worth highlighting in this study.
The economic model, specifically, focused on inpatient
costs that occurred during hospitalization. We estimated
potential cost savings across five populations in one model.
The assumptions in the model could be adjusted to apply to
a hospital setting with different patient distribution. In
addition, the robustness of the cost savings observed was
tested across several parameters in the sensitivity analyses.

This study has a few notable limitations. Firstly, the
economic model is a representation of costs incurred in
the hospital for patients receiving rivaroxaban or other
anticoagulant treatments. Of note, the average LOS cost
utilized may not represent the cost of the last days of a
patients’ hospitalization, as the reduction in LOS does
not save an ‘average day’. Hence, sensitivity analyses
were conducted varying the cost per day across patient
population. The mean cost per inpatient day was assumed
to be constant over the course of the inpatient stay. In a
real-world setting, it is possible to observe high cost in
hospital treatment and care during the earlier part of hos-
pital stay than on the day of hospital discharge.
Our assumption did not account for differences in resource
utilization between the time of hospital admission and the
time of hospital discharge. Secondly, as clinical trials that
compared rivaroxaban to other anticoagulant treatment
showed that the adverse event profile for patients treated
with rivaroxaban was similar to its comparators2–7, only
initial hospitalization treatments in the inpatient setting

were captured and accounted for in the cost model.
Thirdly, the model assumed a distribution of anticoagulant
indications using US average hospital admissions, which
may not be generalizable to all hospitals, where practice
patterns may vary. Table 4 provides a breakdown of costs
for each population and the potential cost savings that a
hospital may expect for the patient population. Finally, the
model assumed that the diagnosis was mutually exclusive.
In a real-world setting, patients may have more than one of
these conditions.

Conclusion

The economic model showed that administering rivarox-
aban in the inpatient setting offered cost savings for the
hospital. From a hospital perspective, the use of rivarox-
aban may be associated with lower cost when compared to
other anticoagulant treatments due to lower drug cost and
shortened hospital LOS associated with rivaroxaban.
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