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Abstract
Background Rivaroxaban is a selective inhibitor of coagulation factor Xa and its combination with aspirin showed better 
outcomes in the prevention of recurrent cardiovascular disease than aspirin alone.
Objective This analysis aimed to economically compare the cost effectiveness of rivaroxaban (2.5 mg twice daily) plus 
aspirin (100 mg once daily) with aspirin alone in patients with coronary artery disease (CAD) or peripheral artery disease 
(PAD) and related subgroups.
Methods The analysis simulates the perspective of the Italian National Healthcare Service and used a state-transition deci-
sion Markov model. Clinical efficacy data and health events risks were gathered from the COMPASS trial. Health outcomes 
and costs (in Euros) were evaluated over a lifetime horizon and were discounted at 3.5% per annum. Direct healthcare costs 
entered the analysis. Results were expressed in terms of incremental cost-effectiveness ratio (ICER), defined as cost per 
quality-adjusted life-year (QALY) gained. One-way deterministic and probabilistic sensitivity analyses were performed.
Results For the CAD or PAD population, rivaroxaban plus aspirin was more effective and costly compared with aspirin 
alone. Incremental costs and efficacy produced an ICER of €16,522 per QALY gained. Analyses found similar trends for 
the PAD and CAD groups, with respective ICERs of €8003 and €18,599, while ICERs for the other groups were lower than 
€13,000 per QALY. Sensitivity analyses confirmed these findings.
Conclusion Compared with aspirin alone, rivaroxaban plus aspirin is cost effective in preventing recurrent cardiovascular 
events in all patients with CAD or PAD, from the Italian perspective. These results could help clinicians and decision makers 
to develop improved strategies for cardiovascular disease prevention.
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Key Points 

Low-dose rivaroxaban and aspirin improve cardiovas-
cular outcomes in subjects at risk of major adverse 
cardiovascular events.

Compared with aspirin alone, rivaroxaban plus aspirin 
is cost effective in preventing recurrent cardiovascular 
events in all patients with coronary artery disease or 
peripheral artery disease.

Cost effectiveness is also confirmed from the perspective 
of the Italian National Healthcare Service.
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1 Introduction

Cardiovascular diseases (CVDs), such as ischemic heart 
disease and stroke, are the principal causes of death and 
one of the leading causes of disability in high-income 
countries [1, 2]. Individuals with coronary artery disease 
(CAD) or peripheral artery disease (PAD) constitute a 
large proportion of patients at high risk of atherothrom-
botic cardiovascular events and death. In these popula-
tions, the role of antiplatelet therapy with aspirin as an 
anchor strategy for secondary cardiovascular prevention is 
largely recognized, with a 19% lower risk of major adverse 
cardiovascular events (MACE) and a 9% lower risk of car-
diovascular death than placebo [3].

Rivaroxaban is a selective direct inhibitor of the factor 
Xa of coagulation that has been approved for the preven-
tion and treatment of venous thromboembolism (VTE), 
as well as the prevention of stroke and systemic embolism 
in atrial fibrillation [4–6]. The Cardiovascular Outcomes 
for People Using Anti-coagulation Strategies (COMPASS) 
study, defined as a double-blind superiority trial conducted 
in 33 countries, including Italy, showed that the combina-
tion of low-dose rivaroxaban 2.5 mg twice daily and aspi-
rin significantly improved cardiovascular outcomes than 
aspirin alone, with a respective 24% and 18% relative risk 
reduction of MACE, such as myocardial infarction (MI), 
ischemic stroke (IS), or cardiovascular death, as well as 
all-cause death [7].

Available evidence underlined antiplatelet therapy cost 
effectiveness in the prevention of these conditions [8, 9]; 
however, there are few evidences on the cost effective-
ness of rivaroxaban plus aspirin in secondary prevention 
among CAD or PAD populations and subgroups. To our 
knowledge, the cost effectiveness of this combination in 
the European context has been assessed in the UK and 
The Netherlands [10, 11], however no study has been con-
ducted from the Italian perspective. Outside Europe, more 
analyses were conducted from the Australian societal and 

healthcare perspective and the Canadian healthcare per-
spective [12–14]. In this context, it should be remarked 
that the pharmaceutical market of Italy is one of the largest 
worldwide and in Europe and is often fixed as the market-
ing authorization benchmark [15].

Thus, the objective of this work was to conduct a cost-
effectiveness evaluation, in patients with CAD or PAD, of 
rivaroxaban 2.5 mg twice daily in combination with aspi-
rin 100 mg once daily compared with aspirin 100 mg once 
daily alone as the primary comparison, over a lifetime hori-
zon, from the Italian National Healthcare Service (NHS) 
perspective.

2  Materials and Methods

2.1  Model Overview

A published state-transition decision analytic Markov model, 
which gathered clinical data from the COMPASS trial, was 
used to evaluate the cost effectiveness of rivaroxaban plus 
aspirin compared with aspirin alone in patients with CAD 
or PAD [10]. This economic framework was adapted to 
simulate the perspective of the Italian NHS, over a lifetime 
horizon timeframe and considering a discount rate of 3.5% 
per annum for future costs and outcomes.

2.2  Model Structure

The schematic Markov model is presented in Fig. 1. The 
model assumes that patients can be classified into a determi-
nate number of mutually exclusive health states, expressed 
by disease parameters. A patient can transit from one state 
to another. Briefly, patients with CAD or PAD may enter 
the model in an event-free state and remain in this state or 
experience one event among MI, IS, intracranial hemor-
rhage (ICH), a combination of these, or death. After the 
first event, patients move to a post-acute health state and/
or experience a second event. Furthermore, the following 

Fig. 1  Markov model diagram. 
MI myocardial infarction, IS 
ischemic stroke, ICH intracra-
nial hemorrhage
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health events assessed in the COMPASS trial are accounted 
for in the model: major amputation, major extracranial non-
fatal bleed, acute limb ischemia (ALI), minor amputation, 
and VTE. These health events could occur during simulation 
in all health states. Finally, the model also accounted for the 
gender-level background mortality of the Italian population 
on the basis of the last available statistics regarding death 
from the Italian National Statistics Institute (ISTAT) [16], 
in order to account for male and female prevalence within 
simulated populations. From these background data, the 
proportions of deaths attributable to CVD were removed to 
avoid double counting.

2.3  Model Population

All patients entering the Markov model were derived from 
the COMPASS study, which included subjects who met the 
criteria for CAD, PAD, or both, from 33 countries (includ-
ing Italy) [7]. CAD patients aged < 65 years were included if 
they had documented atherosclerosis involving at least two 
vascular beds or at least two additional risk factors (such as 
current smoking, diabetes mellitus, an estimated glomerular 
filtration rate < 60 mL/min, heart failure [HF], or non-lacu-
nar IS ≥ 1 month earlier). The entire population was there-
fore stratified into six subgroups: CAD or PAD, CAD (irre-
spective of PAD status), PAD (irrespective of CAD status), 
CAD and PAD, CAD with chronic kidney disease (CKD), 
and CAD with HF. We considered all population subgroups 
for the purpose of this study. The overall characteristics of 
these populations have been described elsewhere [7], while 
age and gender distribution are presented in Table 1.

2.4  Clinical Inputs

Since the study population was derived from the COM-
PASS trial, the proposed analytic model integrated base-
line patient characteristics, clinical input parameters, and 
transition probabilities sourced using patient-level data 
from the same study [7], which are presented in Table 1 
(and detailed in electronic supplementary Table S1). These 
include fatal and non-fatal events, for both the first event 
in event-free patients and second events in those with a 
one-event history at the 3-month period (Table 1). Transi-
tion probabilities were estimated by performing a survival 
analysis for each event, both in the entire population and 
in each specific subgroup, using COMPASS patient-level 
data. Furthermore, since the treatment effect of rivar-
oxaban plus aspirin was consistent across all subgroups 
included in the COMPASS trial, the hazard ratio (HR) for 
each considered clinical event included in the analyses was 
that of the overall CAD or PAD population of the COM-
PASS trial, which was applied to all subpopulations con-
sidered in this study. A similar discontinuation probability 

was assumed for rivaroxaban plus aspirin (3-month prob-
ability = 0.0287) and aspirin alone (3-month probabil-
ity = 0.0268) in all simulated groups, based on the results 
of the COMPASS trial [7].

2.5  Cost Inputs

All costs are reported in Euros (€) and refer to the year 2020. 
Since the model was built from the Italian healthcare per-
spective, only direct health costs were included in the analy-
sis. Each health event accounted for in the economic model, 
along with its cost and source, is listed in Table 2. Costs in 
the third month for the main health events were calculated on 
the basis of evidence-based annual costs for the considered 
health events [17–20]. The Italian national tariffs were used 
for estimating costs of ICH, ALI, minor amputation, major 
non-fatal extracranial bleed, and VTE on the basis of 2013 
Diagnosis-Related Group (DRG) tariffs [17]; event-related 
tariffs were multiplied for the respective event risks listed in 
Table 1 (and detailed in electronic supplementary Table S1). 
Following a more conservative approach, costs associated 
with cardiovascular death were not included in the analy-
sis. Drug prices for aspirin were obtained from the Italian 
Agency of Medicine (AIFA) tariffs (€1.41 for 30 tablets of 
100 mg) [21]. At the time of the analysis, rivaroxaban was 
not reimbursed for CAD or PAD treatment; we assumed the 
same treatment cost (€2.09 per day) of rivaroxaban dosage 
(10, 15, and 20 mg) approved for other clinical conditions 
and based on the ex-factory price including the statutory 
discounts as per Italian legislation (€58.52 for 56 tablets of 
2.5 mg) [22].

2.6  Utilities

Utility data were estimated using the EuroQol-5D tool 
(EQ-5D) from the COMPASS analysis. There, the base-
line EQ-5D weight for the CAD or PAD population was 
0.835 for the event-free health state. Utility decrements for 
health states and events were calculated through multivariate 
regression analysis by adjusting for age, gender and baseline 
EQ-5D value. Decrements were assumed to be the same for 
all populations included in the analysis and for all treatment 
arms, as there was no evidence to suggest that treatment 
choice had any impact on quality of life. In addition, for 
second health events, the utility for those patients was con-
sidered to be the lowest utility of the individual included 
in the health states. The utility weight of the main health 
events (0–3 months) included in the model, as well as utility 
decrements considered in the base case for health events, are 
illustrated in Table 1 (and detailed in electronic supplemen-
tary Table S1).
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2.7  Analysis

The model estimated the costs (€) and quality-adjusted life-
years (QALYs) obtained for each simulated treatment. It also 
assessed the specific costs associated with treatments and the 
costs associated with other healthcare resources. The cost 
effectiveness of rivaroxaban plus aspirin versus aspirin alone 
was evaluated in terms of the incremental cost-effectiveness 
ratio (ICER), calculated by dividing the difference in cost 
between two treatment arms by the difference in QALYs 
gained and considering a societal willingness-to-pay (WTP) 

threshold of €40,000 per QALY [23]. The lifetime treat-
ment duration of rivaroxaban plus aspirin or aspirin alone 
was consistent with the expected label in the population of 
interest, on the basis of treatment guidelines.

2.8  Sensitivity Analysis

Validation of the model parameters was performed using 
deterministic sensitivity analyses (DSA) and probabilis-
tic sensitivity analyses (PSA). The DSA was conducted to 
assess the impact of individual parameters on the results. 

Table 1  Clinical data input from the COMPASS trial

Data inputs are derived from the COMPASS trial [7]
CAD coronary artery disease, PAD peripheral artery disease, CKD chronic kidney disease, HF heart failure, RIV rivaroxaban, ASA aspirin, MI 
myocardial infarction, IS ischemic stroke, ICH intracranial hemorrhage, HR hazard ratio, CI confidence interval, ALI acute limb ischemia, VTE 
venous thromboembolism

Parameter CAD or PAD PAD CAD CAD and PAD CAD with CKD CAD with HF

Age, years [mean (range)] 68.24 (60–75) 67.81 (60–75) 68.34 (60–75) 68.06 (60–75) 71.74 (65–79) 65.49 (58–72)
Sex, male [n (%)] 21,375/27,395

(78.0)
5361/7470
(71.8)

19,792/24,824
(79.7)

3782/4906
(77.1)

3038/5561
(70.8)

4418/5714
(77.3)

Clinical inputs
Risk of acute main events (fatal and non-fatal, ASA arm), 3-month probability
 MI 0.00290 0.00357 0.00301 0.00448 0.00483 0.00361
 IS 0.00176 0.00225 0.00174 0.00236 0.00256 0.00250
 ICH 0.00029 0.00049 0.00030 0.00065 0.00043 0.00015
 ALI 0.00064 0.00221 0.00043 0.00191 0.00069 0.00072
 VTE 0.00061 0.00092 0.00062 0.00111 0.00104 0.00072
 Major extracranial bleed 0.00217 0.00226 0.00219 0.00239 0.00367 0.00239
 Minor amputation 0.00043 0.00135 0.00026 0.00096 0.00055 0.00036
 Major amputation 0.00037 0.00124 0.00019 0.00072 0.00041 0.00029

RIV + ASA treatment efficacy in terms of events (relative to ASA alone)
HR (95% CI)

 MI 0.86 (0.70–1.05)
 IS 0.51 (0.38–0.69)
 ICH 1.16 (0.67–2.00)
 ALI 0.55 (0.32–0.93)
 VTE 0.61 (0.37–1.00)
 Major extracranial bleed 1.79 (1.46–2.19)
 Minor amputation 0.65 (0.35–1.20)
 Major amputation 0.57 (0.30–1.09)

Utility weight of events (0–3 months), mean
 MI 0.7840 0.7390 0.7910 0.7470 0.7630 0.7510
 IS 0.6470 0.6100 0.6520 0.6170 0.6300 0.6200
 ICH 0.7020 0.6620 0.7080 0.6690 0.6840 0.6730

Utility decrements for health events
 ALI − 0.157
 VTE − 0.111
 Major extracranial bleed − 0.019
 Minor amputation − 0.100
 Major amputation − 0.175
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Variables with a major input to the costs were identified 
and the results presented in the Tornado diagrams. Fur-
thermore, an extensive DSA was performed to assess the 
impact for rivaroxaban price due to the lack of reimbursed 
price for PAD or CAD patients. In the PSA, built to evaluate 
the joint uncertainty in the model parameters on the cost-
effectiveness results, the ICER was recalculated 1000 times 
through Monte Carlo simulations, while all input variables 
were varied simultaneously over their distribution. In addi-
tion, specific scenarios on treatment discontinuation and per-
sistence were also considered. First, patients treated with 
rivaroxaban plus aspirin were assumed to switch to aspirin 
alone after 5 years. Another two scenarios studied treatment 
persistence (1) over 4 years, assuming that no patient discon-
tinued, and (2) considering a lifetime discontinuation rate 
with an impact on both efficacy and costs. Analyses were 
conducted using Microsoft  Excel® (Microsoft Corporation, 
Redmond, WA USA; 2016) [24].

3  Results

3.1  Main Results

Accounting for the entire CAD or PAD population, rivaroxa-
ban in combination with aspirin was more effective than aspi-
rin alone in terms of QALYs, with average QALYs of 9.62 
and 9.27 for patients in the two groups, respectively. Rivar-
oxaban plus aspirin reported higher lifetime treatment costs 
partially offset by the reduction of other healthcare costs, 

with an incremental cost per patient of €5785. The incremen-
tal costs and efficacy (QALY) associated with rivaroxaban 
plus aspirin produced an ICER of €16,522 per QALY gained.

Rivaroxaban plus aspirin was found to be more effec-
tive compared with aspirin alone in all populations studied, 
being significantly below the WTP threshold of €40,000 per 
QALY gained. Table 3 and electronic supplementary Fig. S1 
illustrate the results of the cost-effectiveness analyses. The 
analyses found similar trends for the PAD and CAD sub-
groups, with respective ICERs of €8003 and €18,599, both 
being below the fixed WTP threshold. In the CAD and PAD, 
CAD with CKD, and CAD with HF subgroups, ICERs were 
lower than €13,000 per QALY gained.

3.2  Sensitivity Analysis

The one-way DSA showed that the combination of rivar-
oxaban plus aspirin remained cost effective in all tested 
alternative scenarios, with ICERs remaining below 
€30,000 per QALY. The most sensitive parameters were 
age and treatment efficacy in terms of the main health 
event rates. For the PAD subgroup, ICER was also sensi-
tive to 3-month risk and cost duration of major amputa-
tion. The results according to each studied population are 
presented in the Tornado diagrams shown in Fig. 2. In 
the CAD or PAD, PAD, and CAD PSAs, rivaroxaban plus 
aspirin was cost effective in 96.6%, 100%, and 92.8% of 
the simulations, respectively, compared with aspirin alone 
at a WTP threshold of €30,000 per QALY gained (Fig. 3). 
The probability rose to 100% in all subpopulations using 

Table 2  Model cost inputs

AIFA Italian Agency of Medicine, DRG Italian diagnosis-related group tariff
a Pack price (30 tablets) – AIFA
b Pack price (56 tablets) ex-factory plus statutory discounts (− 5%, − 5%)

Parameter Value (in Euros, €) Source

Medication
Aspirin (100 mg once daily) 1.41a AIFA
Rivaroxaban (2.5 mg twice daily) 58.52b AIFA
Health costs
Acute myocardial infarction (0–3 months) 7545 Mantovani et al., 2011 [18]
Post-acute myocardial infarction (3 + months) 980 Mantovani et al., 2011 [18]
Acute stroke (0–3 months) 6164 Lucchese et al., 2017 [19]
Post-acute stroke (3 + months) 1855 Lucchese et al., 2017 [19]
Intracranial hemorrhage 3891 DRG no. 14 [17]
Acute limb ischemia 2199 DRG no. 130, 131 [17]
Minor amputation 6056 DRG no. 114 [17]
Major amputation (0–3 months) 13,948 Marone et al., 2018 [20]
Post-major amputation (3 + months) 4375 Marone et al., 2018 [20]
Major non-fatal extracranial bleed 2091 DRG no. 175 [17]
Venous thromboembolism 2315 DRG no. 128 [17]
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a WTP threshold of €40,000 per QALY gained (Fig. 3 
and electronic supplementary Fig. S1). Overall DSA and 
PSA results are presented in Fig. 2 and Fig. 3. Analyses 
on treatment duration showed a reduction of incremental 
costs. A 5-year treatment duration for rivaroxaban plus 
aspirin resulted in a reduction in the ICER by 13%. With 
regard to treatment persistence scenarios, significant 
reductions in the ICERs were observed, by 51% and 29%, 
respectively, depending on the scenario. In rivaroxaban 

price sensitivity analysis, with a 30% price decrease, an 
ICER reduction nearing 50% (approximately €8000 per 
QALY gained) was seen in the CAD or PAD population. 
In the PAD and CAD subgroups, a 40% decrease in the 
rivaroxaban price showed an ICER reduction higher than 
50%. Similarly, for the other three subgroups analyzed 
(CAD and PAD, CAD with CKD, and CAD with HF), a 
50% ICER reduction was observed with a price reduction 
of 20%. Detailed results are reported in Fig. 4.

Table 3  Cost-effectiveness analysis results

All costs are reported in Euros (€)
Delta symbol defines the difference between information (costs, QALYs and ICERs) for RIV+ASA vs. ASA alone
CAD coronary artery disease, PAD peripheral artery disease, CKD chronic kidney disease, HF heart failure, RIV rivaroxaban, ASA aspirin, QALY 
quality-adjusted life-year, ICER incremental cost-effectiveness ratio

CAD or PAD PAD only CAD only

RIV + ASA ASA Δ RIV + ASA ASA Δ RIV + ASA ASA Δ

Cost category (€)
 Drug costs 9.391 200 9.191 9.047 188 8.859 9.379 200 9.180
 Direct 

health 
costs

9.252 12.659 − 3.407 14.418 18.962 − 4.544 8.538 11.395 − 2.857

 Total cost 18.643 12.858 5.785 23.465 19.150 4.315 17.917 11.594 6.323
Outcome
 QALYs, 

per 
patient

9.62 9.27 0.35 8.67 8.14 0.54 9.70 9.36 0.34

RIV + ASA vs. ASA RIV + ASA vs. ASA RIV + ASA vs. ASA
 ICER Incremental 

costs (€)
Incremental 

effective-
ness

Incremental 
ratio (€)

Incremental 
costs (€)

Incremental 
effective-
ness

Incremental 
ratio (€)

Incremental 
costs (€)

Incremental 
effective-
ness

Incremental 
ratio (€)

 Cost per 
QALY

5.785 0.35 16.522 4.315 0.54 8.003 6.323 0.34 18.599

CAD and PAD CAD with CKD CAD with HF
RIV + ASA ASA Δ RIV + ASA ASA Δ RIV + ASA ASA Δ

Cost cat-
egory  (€)

 Drug costs 8.877 183 8.694 7.913 165 7.748 8.734 179 8.555
 Direct 

health 
costs

13.408 16.408 − 3.000 10.060 12.294 − 2.234 7.634 10.049 − 2.415

 Total cost 22.285 16.591 5.694 17.972 12.459 5.513 16.367 10.228 6.139
Outcome
 QALYs, 

per 
patient

8.63 8.07 0.56 7.76 7.34 0.43 8.70 8.08 0.62

RIV + ASA vs. ASA RIV + ASA vs. ASA RIV + ASA vs. ASA
 ICER Incremental 

costs (€)
Incremental 

effective-
ness

Incremental 
ratio (€)

Incremental 
costs (€)

Incremental 
effective-
ness

Incremental 
ratio (€)

Incremental 
costs (€)

Incremental 
effective-
ness

Incremental 
ratio (€)

 Cost per 
QALY

5.694 0.56 10.199 5.513 0.43 12.971 6.139 0.62 9.905
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Fig. 2  Tornado chart of the one-way deterministic analyses. Popula-
tions included are a CAD or PAD, b PAD, c CAD, d CAD and PAD, 
e CAD with CKD, and f CAD with HF. Pink bar indicates that the 
low value of the parameter has been used, and the green bar indicates 
that the high value of the parameter has been used. HR hazard ratio, 

CAD coronary artery disease, PAD peripheral artery disease, CKD 
chronic kidney disease, HF heart failure, RIV rivaroxaban, ASA aspi-
rin, QALY quality-adjusted life-year, ICER incremental cost-effective-
ness ratio, MI myocardial infarction, IS ischemic stroke, CV cardio-
vascular, ICH intracranial hemorrhage

Fig. 3  Cost-effectiveness acceptability curve according to Monte 
Carlo simulations with 1000 iterations. Populations included are a 
CAD or PAD, b PAD, c CAD, d CAD and PAD, e CAD with CKD, 

and f CAD with HF. CAD coronary artery disease, PAD peripheral 
artery disease, CKD chronic kidney disease, HF heart failure, RIV 
rivaroxaban, ASA aspirin, ICER incremental cost-effectiveness ratio
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4  Discussion

This analysis aimed to evaluate the cost effectiveness of 
rivaroxaban in combination with aspirin compared with 
aspirin alone in patients with vascular disease, from the 
perspective of the Italian public healthcare system. The 
first important finding is that this drug combination was 
found to be cost effective in all populations included in the 
analysis. In addition, this cost effectiveness is also main-
tained across different scenarios. In particular, the cost 
effectiveness of rivaroxaban plus aspirin is clearly evi-
dent in all subgroups of patients, but especially in those at 
higher risk, such as patients with PAD or those with CAD 
with HF. The results of the one-way DSA showed that 
the main factors impacting on the ICER were treatment 
efficacy in terms of main health event rates and 3-month 
risk, age, and cost duration of major amputation. The PSA 
showed that compared with aspirin alone, the combination 
of rivaroxaban with aspirin was cost effective in almost all 
simulations, at the WTP threshold of €40,000 per QALY 
gained, with 90% of simulations below €25,000 per QALY 
gained. To confirm and improve the reliability of the pre-
sented results, further research should study more in-depth 
parameters that affect these results on the basis of DSA.

The overall cost effectiveness is robustly sustained by 
the superiority of rivaroxaban with aspirin versus aspirin 
alone in terms of health outcomes, causing a significant 
reduction of health expenditure and cost duration attribut-
able to costly health events such as amputations, MIs, and 
stroke, and their follow-up care.

These findings mirrored previous economic analyses 
of rivaroxaban plus aspirin compared with aspirin alone in 
patients with CAD or PAD conducted in other countries such 
as Australia, Canada, The Netherlands, and the UK [10–14]. 
For instance, the two researches conducted from the Austral-
ian perspective provided strong evidence that rivaroxaban in 
combination with aspirin was cost effective compared with 
aspirin alone in the prevention of recurrent CVD events and 
major adverse limb events in populations of patients with CAD 
or PAD [12, 13]. These analyses were built using COMPASS 
transition probabilities through a Markov model with annual 
cycles consisting of three health states: alive with PAD or CAD 
and no recurrent CVD, alive with PAD or CAD and recurrent 
CVD, and death. The study reported an ICER of AU$26,769 
per QALY over a lifetime horizon [13] and AU$31,436 per 
QALY over 20-year time horizon [12]. Similarly, the Cana-
dian Agency for Drugs and Technologies in Health confirmed 
such findings, concluding that rivaroxaban was cost effective 
in patients with concomitant CAD and PAD, assuming the 
same conditions as our economic framework and resulting in 
an ICER per QALY gained of $17,764 [14]. For the European 
context, we retrieved similar findings in the analysis conducted 
from the UK NHS perspective for the CAD or PAD popu-
lation. In this analysis, rivaroxaban plus aspirin reported an 
ICER of £16,360 per QALY gained compared with aspirin 
alone, resulting in a cost-effective option for the UK NHS [10]. 
This result was confirmed by the PSA with rivaroxaban plus 
aspirin resulted cost-effective in 98% of simulation at a WTP 
threshold of £30,000 per QALY. Lastly, the Dutch analysis 
reported ICERs for the comparison of the studied dual pathway 

Fig. 4  Cost-effectiveness price threshold analysis. Populations 
included are a CAD or PAD, b PAD, c CAD, d CAD and PAD, e 
CAD with CKD, and f CAD with HF. CAD coronary artery disease, 

PAD peripheral artery disease, CKD chronic kidney disease, HF heart 
failure, QALY quality-adjusted life-year
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inhibition versus aspirin alone of €32,109 and €26,381 in CAD 
and PAD patients, respectively [11].

Compared with the other mentioned cost-effectiveness 
studies [10–14], the strength of our research is the analysis 
based on patient-level data from the COMPASS study, as 
already described, of all subgroups derived from the trial: 
CAD or PAD, CAD, PAD, CAD and PAD, CAD with CKD, 
and CAD with HF. To the best of our knowledge, no other 
published studies have completely analyzed all of these sub-
groups, with their specific health event risk retrieved from 
the aspirin arm of the COMPASS trial. In fact, except for 
a secondary analysis in the UK NHS setting that consid-
ered patients with CAD (irrespective of PAD status) and 
PAD (irrespective of CAD status) without detailing the 
data input and the results [10], available cost-effectiveness 
evidence was limited to only all CAD and/or PAD popula-
tions [11–14]. Thus, our study added further information 
on the cost effectiveness of rivaroxaban plus aspirin in all 
subgroups, showing specific cost-effectiveness profiles for 
each subgroup. In fact, we estimated the ICERs of CAD 
(€18,599 per QALY gained), PAD (€8003), CAD and PAD 
(€10,199), CAD with CKD (€12,971), and CAD with HF 
(€9905), reporting rivaroxaban plus aspirin as the cost-effec-
tiveness option in each single subgroup.

As such, the detailing of cost effectiveness in all COM-
PASS subpopulations makes our results suitable for other 
NHS settings in other countries, including those where 
research was limited to the overall CAD and PAD popula-
tion. Furthermore, in light of the last evidence of the COM-
PASS trial, which suggests overlapping benefits between 
diabetic and non-diabetic patients in terms of relative risk 
reduction, but a higher absolute risk reduction in diabetic 
patients, rivaroxaban plus aspirin has the potential to also be 
even more cost effective in this higher-risk population [20, 
25]. Therefore, new and specific cost-effectiveness evalua-
tions are required in the near future to assess the value of 
rivaroxaban plus aspirin in the CAD and/or PAD diabetic 
subgroups. Similarly, direct comparative effectiveness stud-
ies should be performed in the near future to compare the 
therapeutic strategy analyzed with possible alternatives for 
the prevention of recurrent cardiovascular events, such as 
the combination of aspirin and clopidogrel.

Finally, the analyses showed the cost effectiveness of 
rivaroxaban (2.5 mg twice daily) plus aspirin (100 mg once 
daily) compared with the current standard of care from the 
Italian health payer perspective, assuming a daily cost of 
€2.09. A possible lower price of rivaroxaban 2.5 mg twice 
daily could only improve the cost effectiveness of this treat-
ment in all subgroups, as shown in the ICER variations 
according to the percentage price reduction (Fig. 4).

Even if the present analysis was based on methodological 
standards, it should be acknowledged that this study has a 
number of limitations that must be taken into account when 

interpreting the results. First, the analysis included data on 
rivaroxaban in combination with aspirin compared with 
aspirin alone sourced from the COMPASS trial on relatively 
short-term (23-month period) data, which were assumed to 
remain equal over a lifetime horizon. This was limited as 
a real-world study, due to a possible decrease in benefits 
over time that could affect cost effectiveness. Sensitivity 
analyses should have mitigated this limitation exploring the 
impact of age variability and reporting ICERs significantly 
below the WTP threshold of €40,000 per QALY gained. 
Second, the analysis was based on the COMPASS popula-
tion. As a trial population, this might be different from a 
real-world population; however, the real-world population 
is generally at higher risk for health events, and rivaroxaban 
plus aspirin could be even more cost-effective. Furthermore, 
the safety profile could be different using rivaroxaban plus 
aspirin in the real-word population and this analysis must 
be updated as soon as real-word data on a longer follow-up 
period are available. Third, the use of DRG tariffs as a proxy 
parameter for modeling costs could lead to the limitation 
of cost-effectiveness analyses under the common condition 
of insufficient or unavailable data from hospital-level cost 
studies. Nevertheless, the DRG tariff appears to a be a rigid 
estimate for hospital expenses [19, 26].

Despite these limitations, the methodology of the study 
is accurate and it provides reliable findings confirmed by 
sensitivity analyses.

5  Conclusion

The present research highlights that, compared with aspi-
rin alone, rivaroxaban 2.5 mg twice daily in combination 
with aspirin 100 mg once daily is cost effective in pre-
venting recurrent cardiovascular events in patients with 
CAD and PAD, from the Italian healthcare perspective. 
Our study reported on the cost effectiveness of rivaroxaban 
plus aspirin in the entire COMPASS population (CAD or 
PAD), as well as in all five subpopulations (CAD, PAD, 
CAD and PAD, CAD with HF, and CAD with CKD), 
based on the specific health event risk and relative treat-
ment impact. These results need to be confirmed by obser-
vational studies on rivaroxaban use for CAD or PAD in the 
real-word patient population in clinical practice.
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