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Abstract

Objectives:

A cost-effectiveness model for rivaroxaban evaluated the cost-effectiveness of prophylaxis with rivaroxaban

(a once-daily, orally administered Factor Xa inhibitor) vs enoxaparin in the prevention of venous

thromboembolism (VTE) after total hip replacement (THR) and total knee replacement (TKR). This

Canadian analysis was conducted using the Ontario Ministry of Health perspective over a 5-year time

horizon. The model combined clinical data and builds upon existing economic models.

Methods:

The model included both acute VTE (represented as a decision tree) and long-term complications

(represented as a Markov process with 1-year cycles) phases. The model allowed VTE event rates,

quality-adjusted life expectancy and direct medical costs to be estimated over a 5-year time horizon,

based on current approved practice patterns in Canada. A number of one-way sensitivity analyses were

performed on the baseline assumptions, including a comparison of rivaroxaban with dalteparin, and

probabilistic sensitivity analyses were performed to address any uncertainty concerning model inputs.

Results:

When comparing equal durations of therapy, rivaroxaban dominated enoxaparin in the prevention of VTE

events in patients undergoing THR and TKR, providing more benefit at a lower cost. Rivaroxaban was cost-

effective when comparing 35 days’ prophylaxis with 14 days’ prophylaxis with enoxaparin following THR.

One-way and probabilistic sensitivity analyses demonstrated that the results of the economic analysis were

robust to variations in key inputs. Rivaroxaban remained dominant during one-way sensitivity analyses

comparing rivaroxaban with dalteparin after THR or TKR.

Limitations:

Although clinical trial data were used in the prophylaxis module, assumptions and values used in the post-

prophylaxis and long-term complication (LTC) modules were based on several different literature sources;

it was not always possible to source Canadian data.

Conclusions:

This economic analysis suggests that the use of rivaroxaban for the prophylaxis of VTE after THR or TKR in

Canada was cost-effective.

Introduction

Venous thrombosis is a potentially serious condition that can result in sudden
death or cause long-term morbidity with subsequent economic consequences.
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Deep vein thrombosis (DVT) and pulmonary embolism
(PE)—together referred to as venous thromboembolism
(VTE)—result in a major burden on healthcare systems.
VTE is a common disease, with an estimated annual inci-
dence of �5–12 persons per 10,0001–3, and the impact of
VTE is highlighted by the fact that �10% of all hospital
deaths can be attributed to PE4.

Without prophylaxis, the risk of VTE in patients under-
going major surgery is 15–40%5; this risk is particularly
high in patients undergoing major orthopaedic surgery5–7.
Despite prophylaxis, VTE remains a significant problem in
patients undergoing surgery. Even with standard prophy-
laxis such as enoxaparin or warfarin up to 4 weeks after
surgery, between 1.4–2.8% of patients develop symptom-
atic DVT after total knee replacement (TKR) or total hip
replacement (THR) and PE occurs in up to 1.2% of
patients8. The prognosis for patients with VTE is charac-
terized by the risk of recurrent events or post-thrombotic
syndrome (PTS). Over 5 years of follow-up in patients with
DVT, the cumulative incidence of PTS ranged from 18.0%
after 1 year to 29.6% after 5 years in a study by Prandoni
et al.9 Reported frequencies of DVT patients that develop
PTS range from about one-third to one-half, with most
cases occurring within 1–2 years of acute DVT10.

In Canada, the number of patients undergoing elective
THR and TKR has increased by more than 100% over the
last 10 years, with 24,253 THR and 37,943 TKR opera-
tions in 2008/911. To minimize risk of VTE, the American
College of Chest Physicians (ACCP) recommends that
patients receive VTE prophylaxis for up to 35 days (min-
imum of 10 days) after THR and suggest up to 35 days of
VTE prophylaxis (minimum of 10 days) after TKR5. Prior
to the launch of rivaroxaban, the most commonly used
method of VTE prophylaxis in Canada was parenterally
administered low molecular weight heparins (LMWHs)
such as enoxaparin and dalteparin11.

Rivaroxaban is a novel, once-daily, orally administered
direct Factor Xa inhibitor12,13. Phase III clinical trials
(REgulation of Coagulation in ORthopaedic surgery to
prevent Deep vein thrombosis and pulmonary embolism
RECORD1–3) have demonstrated that rivaroxaban offers
superior efficacy and similar safety and bleeding, compared
with enoxaparin in terms of reducing VTE events after
THR and TKR14–17. Rivaroxaban is indicated for the pre-
vention of VTE in patients who have undergone elective
THR or TKR surgery. This paper presents the results of
additional Canadian analyses based on the cost-effective-
ness model for rivaroxaban in VTE prophylaxis18, using
the Ontario Ministry of Health perspective. Whereas a
previously-published economic model took a more clinical
perspective by including only statistically significant dif-
ferences in event rates18, the current analysis is based upon
the observed event rates from the pivotal clinical trials,
allowing less common events to be included. In addition,
this analysis demonstrates the cost-effectiveness of

rivaroxaban relative to both 35 days’ and 14 days’ enoxa-
parin prophylaxis after THR, while the model described in
Diamantopoulos et al.18 presented results of rivaroxaban vs
35 days’ enoxaparin prophylaxis only. The duration of
enoxaparin and rivaroxaban prophylaxis for TKR is 14
days after surgery in both the current and the previously
published analyses18.

Management of VTE: Impact on health
resources

Costs per VTE event can include costs for inpatient and/or
outpatient care of a VTE event plus costs of anticoagula-
tion therapy and associated monitoring19. Published
Canadian data for inpatient complication costs (for dis-
charged patients) include C$10,316 and C$6716 for DVT
and PE, respectively, with no major bleed, C$20,191 for
DVT or PE with major bleed, C$13,997 for major bleed
with no VTE and C$436 for post-discharge drug therapy20.
The development of PTS has also been highlighted as an
important cost driver21. The costs used in this analysis
were based on the sources stated in Table 1, including
Skedgel et al.20 inflated to 2011 prices.

Among patients who develop VTE following major
orthopaedic surgery, there is a risk of recurrent VTE
events. Data from the Computerized Registry of Patients
with Venous Thromboembolism (RIETE), a prospective
international registry of consecutive patients with objec-
tively confirmed symptomatic acute VTE, reported the
3-month incidence of fatal PE, fatal bleeding and major
bleeding as 1.3%, 0.8% and 2.3%, respectively, following
VTE post-orthopaedic surgery31. In addition, the use of
thromboprophylaxis was deemed sub-optimal in this
study, with the recommendation that the use of adequate
thromboprophylaxis should be strongly encouraged for all
post-operative patients. This finding is supported by data
from the multinational Global Orthopaedic Registry
(GLORY), which evaluated the compliance of surgeons
with the ACCP guidelines for VTE prevention32.
Although most patients in this study received some form
of ACCP-recommended prophylaxis (THR patients: 95%
in the US, 92% outside the US; TKR patients: 99% in the
US, 96% outside the US), a large proportion of patients
did not receive prophylaxis in accordance with the recom-
mended start time, duration and dose/treatment intensity
stated in the ACCP guidelines (THR patients: 53% in the
US, 38% outside the US; TKR patients: 39% in the US,
31% outside the US)32.

In addition to the direct medical costs, management of
VTE impacts upon patient and carer time and transporta-
tion costs. One Canadian prospective cohort study inves-
tigating patient/family costs only (lost income, drug costs,
transportation costs) showed these costs to range from
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C$219 among patients managed in the outpatient setting
to C$403 among patients managed in the inpatient setting
(based on per DVT treatment using LMWH)33; such costs
add to the overall burden of VTE. Guanella et al.34

reported an average loss of 7.8 work days per patient in
the 4 months following diagnosis of DVT. This number
increased to 12.1 work days lost after 2 years34, with loss of
productivity (C$1543) and hospitalizations (C$1504,
baseline and follow-up hospitalizations) cited as the largest
components of DVT-related costs during the 2 years
following diagnosis34.

As an important and resource-intensive complication
after THR and TKR, the potential impact of VTE on
healthcare systems is substantial. There is, therefore, a
clear need for more efficacious and cost-effective prophy-
laxis strategies to reduce the burden of VTE. Indeed, it has
been previously recommended that every hospital needs to
develop a formal strategy that addresses the prevention of
VTE5.

Cost-effectiveness model: A Canadian
analysis using the Ontario Ministry of
Health Perspective

A decision-analytic model evaluated the cost-effectiveness
of rivaroxaban, compared with enoxaparin as prophylaxis
for VTE in patients undergoing THR and TKR from the
perspective of the Canadian healthcare system18. This
cost-effectiveness model compared rivaroxaban with the
recommended practice of 35 days’ LMWH prophylaxis fol-
lowing THR, as outlined in ACCP guidelines5, and 14
days’ post-surgical prophylaxis following TKR. However,
at the time of the introduction of rivaroxaban in Canada,
prophylaxis after THR and TKR consisted of 14 days’
LMWH in many provinces. This analysis is designed to
assess the cost-effectiveness of rivaroxaban (35 days) vs
both 14 days’ (short-term) and 35 days’ (extended)
LMWH prophylaxis after THR and 14 days’ (short-term)
LMWH prophylaxis after TKR, in Canada using the
Ontario Ministry of Health Perspective. Sensitivity
analyses also compare rivaroxaban with dalteparin, a
commonly used LMWH in Canada.

Methods

The economic analysis was developed to answer the
question: What is the incremental cost-effectiveness of
rivaroxaban 10 mg od, compared with enoxaparin 40 mg
od in Canadian THR and TKR patients from the perspec-
tive of the Ontario Ministry of Health over a 5-year time
horizon? The model (structurally the same as that pub-
lished by Diamantopoulos et al.18) included both acute

VTE (represented as a decision tree) and long-term com-
plications (LTCs) (represented as a Markov process with
1-year cycles) phases; this allowed VTE event rates, qual-
ity-adjusted life expectancy and direct medical costs to be
estimated over a 5-year time horizon, based on current
approved practice patterns in Canada.

The decision-analytic model was based upon previously
published models6,35,36 that were extended to better incor-
porate the use of quality-adjusted life years (QALYs)
LTCs18. In addition, Quinlan et al.37 previously reported
a consistent relationship between asymptomatic DVT and
symptomatic VTE beyond the 35-day period studied in
clinical trials. This reflects the reality in clinical practice
that patients will typically not receive venography or an
ultrasound, so an asymptomatic VTE will remain
untreated with an ongoing risk of becoming symptomatic.
Data have previously shown that patients are at risk of
developing VTE for up to 3 months following surgery35.
Therefore, the decision-analytic model extrapolated data
for the risk of VTE in patients who had asymptomatic VTE
at the end of the prophylaxis period. The decision-analytic
model includes the 3-month period following THR and
TKR with the potential for acute VTE (prophylaxis
period and post-prophylaxis period), which is represented
as a decision tree (Figure 1). This is followed by the period
with potential for LTCs represented as a Markov process
with 1-year cycles up to 5 years (Figure 2).

The event rates used in the model are derived from
RECORD1–3 clinical trials and are presented in Table 2.
Data from The RECORD4 trial were not included in our
model as this study used a different treatment regimen,
which was not the focus of our research question. The
previous published Canadian cost-effectiveness analysis18

presents results based on event rates that had statistically
significant differences between treatment arms. Because
clinical trials are often not powered to show statistically
significant differences in rare events, using the observed
events rates provides some indication of the effect of
the intervention on rare events. Therefore, the current
baseline analyses used observed events from the clinical
trials, with the probabilistic sensitivity analysis (PSA)
addressing the uncertainty relating to non-statistically
significant differences in event rates.

Canada’s national health insurance program is designed
to ensure that all residents have reasonable access to med-
ically necessary hospital and physician services, on a pre-
paid basis40. Instead of having a single national plan,
Canada has a national program that is composed of
13 interlocking provincial and territorial health insurance
plans, all of which share certain common features and
basic standards of coverage. Roles and responsibilities for
Canada’s healthcare system are shared between the federal
and provincial-territorial governments. Provincial and ter-
ritorial governments are responsible for the management,
organization and delivery of health services for
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their residents40. Consequently, the costs for healthcare
resources may differ between provinces. Because of the
potential for slightly different costs between provinces,
one jurisdiction (i.e., province) is typically used as the
reference case for economic evaluations conducted in
the Canadian setting. Wherever possible, Ontario costs
were used in our base case analysis, as Ontario has the
largest population of all the provinces. These costs were
varied extensively in sensitivity analyses to explore the
impact that differences in cost inputs may have on study
results.

Costs relating to prophylaxis, VTE treatment, LTC and
bleeding were included in the model (Table 1). Resource
use data were based upon previous publications, while cost
data were based on locally published cost data, as well as
data from the Ontario Case Costing Initiative (OCCI)
(not published, but can be accessed by request)
(Table 1); costs were inflated to 2011 prices using
Statistics Canada consumer price indexes for health and

personal care41,42. VTE-related utilities reported in a pre-
vious cost utility study43 were used in the analysis. As it
was unlikely that patients who had just had TKR or THR
would have a utility of 1 (i.e., full health), data from
Räsänen et al.44 were utilized; these data showed patients
who have recently undergone THR or a TKR to have
utilities of 0.805 and 0.807, respectively. These utility
values were used to weight the values for each of the
events occurring in the prophylaxis and extrapolation
periods. The utility values used in the model are shown
in Table 3.

In order to assess the cost-effectiveness of rivaroxaban,
compared with enoxaparin, in the short-term, one-way
sensitivity analyses based on time horizons of 35 days (pro-
phylaxis period) and 3 months (post-prophylaxis period)
were conducted. To assess the robustness of the model and
examine the effect of potential variations in clinical prac-
tice, costs and event rates, a number of one-way sensitivity
analyses were also performed on the baseline assumptions.

Figure 2. Markov model.

Figure 1. Decision tree.
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Parameters tested included outpatient administration costs
associated with enoxaparin and event treatment costs. A
sensitivity analysis comparing rivaroxaban with dalteparin
in THR and TKR was performed as dalteparin is a fre-
quently used LMWH in Canada. This analysis assumed
that the efficacy and safety of LMWHs did not differ46–48

and, therefore, used enoxaparin efficacy and safety inputs
for the dalteparin arm.

Probabilistic sensitivity analyses were also performed to
address any uncertainty concerning model inputs. A total
of 2000 iterations of the base case were performed using a
Monte Carlo simulation approach. Parameters of the
model that were sampled include drug administration
and monitoring costs, prophylaxis-related bleeding costs,
diagnosis and treatment costs, DVT and PE treatment
costs, LTC costs, utility values and event probabilities
for the prophylaxis, post-prophylaxis and LTC modules.
Distributions were generated using 95% confidence inter-
vals (CIs), standard deviations and assumptions, depend-
ing upon the parameter and the availability of data.

Results

Rivaroxaban prophylaxis for 35 days was shown to be cost-
effective following THR compared with either 14 days or
35 days of enoxaparin prophylaxis (Table 4). When com-
pared with 35 days’ enoxaparin, rivaroxaban dominated
enoxaparin with per-patient cost savings of C$296.95
over a 5-year period combined with improved QALYs
and reduced symptomatic VTE events. The higher drug
costs for rivaroxaban were offset by the reduced incidence
and cost of symptomatic VTE and its LTCs and by the
reduced need for assistance, compared with enoxaparin
injections. When compared with 14 days’ enoxaparin,
35 days’ rivaroxaban is associated with an incremental
cost of C$35.35 and a QALY gain of 0.0052 per patient;
this corresponds to an incremental cost per QALY gained
of C$6741.96, which is well below the frequently refer-
enced Canadian threshold of $50,000/QALY.

In TKR, rivaroxaban dominated enoxaparin, providing
more benefit at less cost, with a per-patient cost saving of

Table 3. Utility values.

Reported
utility

Adjusted
for THR

Adjusted
for TKR

Source

No venous thromboembolic event 1 0.805 0.807 Assumed utility of 1 for perfect health,
adjusted for utility after THR and TKR44

Prophylaxis-related bleeding 0.66 0.531
(0.66� 0.805)

0.532
(0.66� 0.807)

Lenert and Soetikno45, adjusted for
utility after THR and TKR44

Asymptomatic DVT 0.805 0.807 Assumed to be the same as no VTE
Symptomatic DVT 0.84 0.676

(0.84� 0.805)
0.678

(0.84� 0.807)
Haentjens et al.23 adjusted for utility

after THR and TKR44

PE 0.76 0.612
(0.76� 0.805)

0.613 (0.76� 0.807) Haentjens et al.23 adjusted for utility
after THR and TKR44

PTS 0.93 0.93 0.93 Lenert and Soetikno45

Recurrent VTE 0.96 (0.84� 3/12)þ
(1� 9/12)

0.96
(0.84� 3/12)þ

(1� 9/12)

Assumed the same as symptomatic
DVT, applied for 3 months of the
1-year cycle

Long-term utility—no venous
thromboembolic event

1 1 Assumed utility of 1 for perfect health

Death 0 0 Assumption

DVT, deep vein thrombosis; PE, pulmonary embolism; PTS, post-thrombotic syndrome; THR, total hip replacement; TKR, total knee replacement; VTE, venous
thromboembolism.

Table 4. Costs and cost-effectiveness of rivaroxaban vs enoxaparin following THR.

Rivaroxaban 35 days vs enoxaparin 35 days Rivaroxaban 35 days vs enoxaparin 14 days

Rivaroxaban Enoxaparin Incremental Rivaroxaban Enoxaparin Incremental

Total cost, C$ (Medicationþ direct costs) $437.80 $734.75 � $296.95 $418.60 $383.25 $35.35
Medication costs (C$) $334.63 $310.05 $24.57 $334.62 $120.21 $214.41
Direct medical costs (C$) $103.18 $424.70 �$321.52 $83.98 $263.04 �$179.06
QALY 4.1858 4.1825 0.0033 4.1857 4.1805 0.0052
Symptomatic VTE 0.0052 0.0132 �0.0081 0.0069 0.0332 �0.0263

Incremental cost per QALY (C$) Rivaroxaban dominates $6741.96
Incremental cost per VTE event averted (C$) Rivaroxaban dominates $1342.21

THR, total hip replacement; QALY, quality-adjusted life year; VTE, venous thromboembolism.
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C$150.44, combined with improved QALYs and reduced
symptomatic VTE events (Table 5). This cost saving is
primarily driven by the reduced incidence and cost of
symptomatic VTE and its LTCs and by the reduced need
for assistance, compared with enoxaparin injections.

Rivaroxaban remained dominant during sensitivity
analyses comparing rivaroxaban with dalteparin after
THR or TKR (Tables 6 and 7, respectively). A range of
sensitivity analyses were conducted on the results of rivar-
oxaban vs 14 days’ and 35 days’ enoxaparin prophylaxis
(Table 6). In the comparison of 35 days’ rivaroxaban with
35 days’ enoxaparin for the THR population, rivaroxaban
remains dominant in each one-way sensitivity analy-
sis—even when the analysis period is reduced to 90 days
(cost saving C$286.75)—or when it is conservatively
assumed that a relatively low proportion (8%) of patients
receiving LMWH injection require assistance (cost saving
C$112.12), as per the UK. This is consistent with the
results of the PSA (Figure 3a) in which nearly all of the
simulations are in the lower right-hand quadrant showing
improved health outcomes alongside cost savings with riv-
aroxaban. In the comparison of 35 days’ rivaroxaban vs
14 days’ enoxaparin prophylaxis for THR patients,

the results remain consistent with the baseline finding of
cost-effectiveness (Table 6). The sensitivity analyses show
that the cost-effectiveness of rivaroxaban vs 14 days’ enox-
aparin shows a position of dominance when 39% of enox-
aparin patients receive assistance with injections20; the
finding of overall cost-effectiveness is supported by the
cost-effectiveness acceptability curve (Figure 3b), which
shows more than 90% of simulations below a cost-
effectiveness threshold of C$50,000 per QALY gained.

In the TKR population, the sensitivity analyses showed
that rivaroxaban dominates enoxaparin, providing more
benefit at less cost (Table 7). The dominance is clear
even when the analysis period is reduced to 90 days (cost
saving C$129.84) or when the lower proportion of patients
receiving LMWH injection assistance as per the UK, 8%6

is used (cost saving C$96.56). The results of the PSA fur-
ther support the finding of dominance: 100% of simula-
tions appeared in the lower right quadrant of the cost-
utility analysis (CUA) plane (Figure 4), indicating that
14 days of rivaroxaban were less costly and provided
more benefit than 14 days of enoxaparin.

Overall, the one-way sensitivity analyses and the PSA
suggest that the results of the economic analyses using the

Table 6. One-way sensitivity analysis results: THR.

Sensitivity analysis Rivaroxaban 35 days
vs enoxaparin 35 days

Rivaroxaban 35 days
vs enoxaparin 14 days

Incremental
cost (C$)

Incremental
QALYs gained

Result Incremental
cost (C$)

Incremental
QALYs gained

Result

90-day time horizon �$286.75 0.0008 Rivaroxaban dominates $63.74 0.0038 $16,802
0% discount rate for

costs and outcomes
�$297.88 0.0037 Rivaroxaban dominates $32.73 0.0057 $,5754

Duration of hospitalization
(þ2 days)

�$273.79 0.0033 Rivaroxaban dominates $58.51 0.0052 $11,159

Duration of hospitalization
(�2 days)

�$320.11 0.0033 Rivaroxaban dominates $12.19 0.0052 $2325

8% using home care for
enoxaparin injections

�$112.12 0.0033 Rivaroxaban dominates $78.73 0.0052 $15,015

39% using home care for
enoxaparin injections

�$632.99 0.0033 Rivaroxaban dominates �$43.52 0.0052 Rivaroxaban dominates

Rivaroxaban vs dalteparin �$374.17 0.0033 Rivaroxaban dominates $5.22 0.0052 $996

QALY, quality-adjusted life year; THR, total hip replacement.

Table 5. Costs and cost-effectiveness of thromboprophylactic intervention following TKR.

Rivaroxaban 14 days Enoxaparin 14 days Incremental

Total cost, C$ (Medicationþ direct costs) $279.68 $430.12 �$150.44
Medication costs (C$) $134.71 $125.04 $9.67
Direct medical costs (C$) $144.97 $205.08 �$160.11
QALY 4.1870 4.1851 0.0019
Symptomatic VTE 0.0125 0.0319 �0.0194

Cost per QALY Rivaroxaban dominates
Incremental cost per VTE event averted Rivaroxaban dominates

TKR, total knee replacement; QALY, quality-adjusted life year; VTE, venous thromboembolism.
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Canadian decision-analytic model were robust against
variations in key inputs for both THR and TKR. Several
factors were identified as drivers of cost-effectiveness for
rivaroxaban. For example, cost-effectiveness was driven by
improved efficacy in terms of fewer VTE events, leading to
a higher number of QALYs gained. Also, the
economic value of rivaroxaban was partially driven by
the reduction of treatment-related monitoring needs and

the reduction in LTCs that would impact upon healthcare
resources.

Discussion

This Canadian economic evaluation assessed the cost-
effectiveness of prophylaxis with rivaroxaban for the

Figure 3. (a) Cost-utility plane for economic evaluation comparing 35 days’ rivaroxaban 10 mg od vs 35 days’ enoxaparin 40 mg od following total hip
replacement. (b) Cost-utility plane for economic evaluation comparing 35 days’ rivaroxaban 10 mg od vs 14 days’ enoxaparin 40 mg od following total hip
replacemnt over a 5-year time horizon.

Table 7. One-way sensitivity analysis results: TKR.

Incremental cost (C$) Incremental QALYs gained Result

90-day time horizon �$129.84 0.0023 Rivaroxaban dominates
0% discount rate for costs and outcomes �$152.35 0.0020 Rivaroxaban dominates
Duration of hospitalization (þ2 days) �$126.03 0.0019 Rivaroxaban dominates
Duration of hospitalization (�2 days) �$174.85 0.0019 Rivaroxaban dominates
8% using home care for enoxaparin injections �$96.56 0.0019 Rivaroxaban dominates
39% using home care for enoxaparin injections �$248.41 0.0019 Rivaroxaban dominates
Rivaroxaban vs dalteparin �$180.83 0.0019 Rivaroxaban dominates

QALY, quality-adjusted life year; TKR, total knee replacement.
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prevention of VTE after THR and TKR relative to enox-
aparin 40 mg od from the perspective of the Ontario
Ministry of Health over a 5-year time horizon. The prov-
ince of Ontario was used as an example to represent the
Canadian healthcare perspective.

The efficacy and safety of rivaroxaban have been dem-
onstrated in large Phase III randomized controlled trials,
where rivaroxaban showed a statistically significant
improvement over enoxaparin in the primary end-
point of total VTE14–17. In addition, the present cost-
effectiveness model has demonstrated that rivaroxaban is
cost-effective, compared with enoxaparin. Although rivar-
oxaban 10 mg od has a slightly higher drug acquisition cost
than enoxaparin 40 mg od in Canada, it has been shown
that prophylaxis with rivaroxaban in patients undergoing
THR or TKR was associated with fewer symptomatic VTE
events and overall cost savings (up to C$300 per patient),
compared with enoxaparin18.

Patients receiving LMWH have a lower risk of VTE
events, compared with patients receiving no prophylaxis6.
The use of LMWH has also been shown to reduce the
impact of VTE (including late VTE events) on healthcare
resources. Huo et al.49 recently reported that LMWHs were
efficacious, associated with low rates of clinically-relevant
bleeding complications and cost-effective in patients at
high risk of VTE. Similarly, a comparison of 2-year out-
comes and cost of prophylaxis in medical patients at risk of
VTE reported that prophylaxis with enoxaparin was more
effective and less costly than unfractionated heparin50; this
study considered all direct medical costs associated with
VTE up to 2 years after an admission for acute illness.

Published data on utility values for symptomatic VTE
are relatively scarce and the original source for published
values can be difficult to uncover. This may lead to uncer-
tainty regarding the results of economic evaluations that
include utilities for VTE. A systematic literature review

was conducted for this economic evaluation to capture all
published VTE utilities. This analysis therefore uses
mainly evidence and cost data based on published sources,
with clinical expert opinion only used where published
information was not available. The values used in the pre-
sent economic evaluation are therefore consistent with
those reported in the literature. To assess the sensitivity
of the model results to variations in VTE utility values,
sensitivity analyses were conducted using a range of symp-
tomatic DVT and PE utilities from the literature. The cost-
effectiveness results changed only minimally in these
analyses, suggesting that the results presented in the base
case analysis are robust against variations in VTE utilities.

The use of rivaroxaban may offer other additional ben-
efits over other LMWHs. First, it is more efficacious than
enoxaparin in preventing VTEs. Therefore, its use is asso-
ciated with even greater savings to the healthcare system
relative to LMWH. Furthermore, enoxaparin is adminis-
tered as a parenteral injection while rivaroxaban is taken
orally. This may lead to greater savings or improved
quality-of-life for patients receiving rivaroxaban, com-
pared with LMWH. For example, nursing time may be
avoided if patients do not need to be trained to administer
their own injections and the one-way sensitivity analyses
showed rivaroxaban remained dominant regardless of
whether high or low use of home care is considered.
Furthermore, patients may have a preference or a higher
utility for receiving oral vs injectable prophylaxis. The
cost-effectiveness analysis conservatively assumed that
no costs were incurred for the administration or monitor-
ing of prophylaxis while in hospital. Furthermore, the
analysis did not assume any disutility for injected vs
orally-administered medications. Although this analysis
has many strengths and includes extensive sensitivity anal-
yses there are limitations with the approach taken using
this model and these have been described previously18.

Figure 4. Cost-utility plane for economic evaluation comparing 14 days’ rivaroxaban 10 mg od vs 14 days’ enoxaparin 40 mg od following total knee
replacement over a 5-year time horizon.
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Briefly, although clinical trial data were used in the
prophylaxis module, assumptions and values used in the
post-prophylaxis and LTC modules were based on several
different literature sources, it was not always possible to
source Canadian data. Although rebound thromboembolic
effects were not included specifically (as there was no evi-
dence from the RECORD programme that rebound
occurred18), the post-prophylaxis period was assessed and
long-term complications were considered for up to 5 years.
Clinically relevant non-major bleeding and impact of
health-related quality-of-life were excluded from the
model as expert opinion suggested these parameters had
low impact on resource use18. Despite the limitations, one-
way sensitivity analysis and PSA confirmed that variation
of parameters did not affect the dominance of rivaroxaban
for cost-effectiveness.

The Canadian Expert Drug Advisory Committee
(2008) recommended that rivaroxaban be reimbursed for
VTE prophylaxis for up to 14 days after THR and TKR in
Canada, deeming this method of prophylaxis to be cost-
effective when equal durations of prophylaxis were com-
pared. In 2011, recognizing that many provinces were
reimbursing LMWH for up to 35 days, this same committee
recommended that rivaroxaban be reimbursed for the same
duration as LMWHs (i.e., up to 35 days in provinces where
35 days of LMWH are reimbursed). Many provincial reim-
bursement agencies have listed rivaroxaban for up to
14 days following TKR and up to 35 days following
THR. Rivaroxaban remains cost-effective for VTE pro-
phylaxis when compared with the commonly used dalte-
parin during sensitivity analyses after THR or TKR and
offers a potentially convenient alternative to injectable
treatments.

Conclusions

Our cost-effectiveness analysis builds upon existing eco-
nomic models evaluating VTE prophylaxis following THR
and TKR and uses event data from the pivotal RECORD
1–3 clinical trials. The analysis suggests, when equal dura-
tions of therapy are compared, rivaroxaban dominates
enoxaparin 40 mgod, providing more benefit at less cost
relative to enoxaparin in THR and TKR patients. When
35 days of rivaroxaban are compared with 14 days of enox-
aparin, rivaroxaban is still highly cost-effective relative to
enoxaparin, with an incremental cost-effectiveness ratio of
C$6741.96. The reduced incidence of symptomatic VTE
with rivaroxaban, along with reduction in LTCs associated
with symptomatic VTE, lead to substantial cost offsets.
One-way analysis and PSA demonstrated that economic
outputs for rivaroxaban are robust. Rivaroxaban remained
dominant during sensitivity analyses comparing rivaroxa-
ban with dalteparin after THR or TKR. Overall, the eco-
nomic dominance of rivaroxaban over enoxaparin in THR

and TKR when equal durations of prophylaxis are com-
pared suggests that it is a cost-effective option for VTE
prophylaxis in patients undergoing THR and TKR.
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