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Summary

Background In patients at high risk of thromboembolism who were discharged after hospitalisation due to COVID-19,
thromboprophylaxis with rivaroxaban 10 mg/day for 35 days significantly improved clinical outcomes, reducing
thrombotic events compared with no post-discharge anticoagulation. The present study aimed to estimate the cost-
effectiveness of this anticoagulation strategy.

Methods Using the database of the MICHELLE trial, we developed a decision tree to estimate the cost-effectiveness of
thromboprophylaxis with rivaroxaban 10 mg/day for 35 days versus no thromboprophylaxis in high-risk post-
discharge patients for COVID-19 through an incremental cost-effectiveness analysis.

Findings 318 patients in 14 centres in Brazil were enrolled in the primary MICHELLE trial. The mean age was 57.1
years (SD 15.2), 127 (40%) were women, 191 (60%) were men, and the mean body-mass index was 29.7 kg/m2 (SD
5.6). Rivaroxaban 10 mg per day orally for 35 days after discharge decreased the risk of events defined by the primary
efficacy outcome by 67% (relative risk 0.33, 95% CI 0.12-0.90; p = 0.03). The mean cost for thromboprophylaxis with
rivaroxaban was $53.37/patient, and no prophylaxis was $34.22/patient, with an incremental cost difference of
$19.15. The effectiveness means obtained in the intervention group was 0.1457, while in the control group was
0.1421, determining an incremental QALY difference of 0.0036. The estimated incremental cost-effectiveness ratio
(ICER) was $5385.52/QALY.

Interpretation Extended treatment with Rivaroxaban as thromboprophylaxis after hospital discharge for high-risk
patients with COVID-19 is a cost-effective treatment option.

Funding Modest funding was provided by Science Valley Research Institute, S3o Paulo, Brazil.

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction circulatory and other respiratory system diseases.' Se-
COVID-19 was the most important cause of hospital-  vere acute respiratory syndrome coronavirus 2 (SARS-
isation worldwide in 2020 and 2021, surpassing  COV-2) infection leads to endothelial dysfunction,
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Research in context

Evidence before this study

We searched MEDLINE, the Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science, and Scopus
using the terms (“rivaroxaban” OR “apixaban” OR
“dabigatran” OR “edoxaban” OR “heparin” OR “enoxaparin”)
AND (“extended thromboprophylaxis” OR “out-of-hospital
thromboprophylaxis”) AND (“SARS-CoV-2" OR “COVID” OR
“coronavirus” OR “COVID-19”) AND (“randomised” OR
“clinical trials”), AND (“cost-effectiveness evaluation”

OR “costs”) with no date or language restrictions. We did not
find published data assessing the cost-effectiveness of
thromboprophylaxis after hospitalisation due to COVID-19.

Added value of this study
Using the database of the MICHELLE trial, a multicentre
randomised trial led by our group, where a central events

platelet activation, and stasis.”’ In addition, the interplay
with intense inflammation improves the hypercoagula-
ble state, increasing the risk of thromboembolism,
whether venous (venous thromboembolism -VTE) or
arterial (arterial thromboembolism - ATE)." Several
studies of post-discharge patients with COVID-19
demonstrated elevated incidences of symptomatic
or asymptomatic events, reaching rates between 1.7%
and 7.4%.°

Thromboembolic events, a composite of venous
(deep-vein thrombosis [DVT], pulmonary embolism
[PE]) and arterial (myocardial infarction [MI], stroke and
acute limb ischemia) complications, most of the time
require hospitalisation, a prolonged treatment, decrease
of quality of life and different types of sequelae,
depending on the site of thrombosis. The annual costs
estimated in the United States range from U$7.5 billion,
in the case of DVT,* to U$ 84 billion in those with
myocardial infarction.” Other possible consequences,
such as post-thrombotic syndrome (post-DVT PTS) and
heart failure (post-AMI), are responsible for worsening
patient quality of life and increasing costs in a broad
time horizon.*”

To mitigate the risk of post-discharge VTE, the
MARINER trial published in 2018 evaluated the use of
rivaroxaban after hospitalisation in medically ill patients.
Patients with a high risk of VTE (defined by the Inter-
national Medical Prevention Registry on Venous
Thromboembolism [IMPROVE] score of >4 or 2-3 with
elevated D-dimer levels) at hospital discharge were
randomly assigned to rivaroxaban 10 mg/day (or
7.5 mg/day if creatinine clearance <50 mL/min) versus
placebo for 45 days after hospital discharge. Despite not
achieving superiority on its primary outcome (a com-
bination of symptomatic VTE and death due to VTE),
this prophylactic anticoagulation strategy led to a 28%

committee evaluated all events, we developed a decision tree
to estimate the costs and effectiveness of
thromboprophylaxis with rivaroxaban 10 mg/day for 35 days
versus no thromboprophylaxis in high-risk post-discharge
patients for COVID-19 through an incremental cost-
effectiveness analysis, for the first time. The MICHELLE trial
provided high-quality evidence and combined with this cost-
effectiveness analysis, helps guide informed-medical decisions.

Implications of all the available evidence

Extended treatment with rivaroxaban as thromboprophylaxis
after hospital discharge for high-risk patients with COVID-19
is a cost-effective treatment option. The findings of this study
have important implications for resource prioritization and
provide a comprehensive framework to inform policymakers
about better decisions in public health.

relative risk reduction in major and fatal thromboem-
bolic events and a 27% relative risk reduction of symp-
tomatic venous thromboembolism and all-cause death,
reducing the global burden of death and disability from
VTE'](J

The MICHELLE trial published in 2021 was the first
study on prophylactic anticoagulation after discharge in
patients with COVID-19. In this open-label, multicentre,
randomised trial (with blinded adjudication), patients
hospitalised with COVID-19 at increased risk for venous
thromboembolism with the International Medical Pre-
vention Registry on Venous Thromboembolism
[IMPROVE] venous thromboembolism [VTE] score of
>4 or 2-3 with a D-dimer >500 ng/mL were randomly
assigned to receive, at hospital discharge, rivaroxaban
10 mg/day or no anticoagulation for 35 days. The pri-
mary efficacy outcome was a composite of symptomatic
or fatal venous thromboembolism, asymptomatic venous
thromboembolism on bilateral lower-limb venous ultra-
sound and CT pulmonary angiogram, symptomatic
arterial thromboembolism, and cardiovascular death at
day 35. The primary safety outcome was major bleeding.
The primary and safety analyses were carried out in the
intention-to-treat population. This study led by our group
demonstrated that oral rivaroxaban 10 mg per day for 35
days after discharge in patients hospitalised by COVID-
19 at high risk of thromboembolism decreased the risk
of events defined by the primary efficacy outcome by
67% (relative risk 0.33, 95% CI 0.12-0.90; p = 0.03).
There was no statistically significant increase in the rate
of minor or major bleeding."

This current study aims to estimate the cost-
effectiveness of thromboprophylaxis with rivaroxaban
versus no thromboprophylaxis in high-risk patients after
hospitalisation for COVID-19 from the perspective of
the Brazilian public health system.
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Methods

Model assumptions

Using the database of the MICHELLE trial, a decision
tree was developed to estimate the cost-effectiveness of
thromboprophylaxis with oral rivaroxaban 10 mg/day
for 35 days versus no thromboprophylaxis in high-risk
patients post-discharge for COVID-19 through an in-
cremental cost-effectiveness analysis. It is a unidirec-
tional flow of events followed by different outcomes. It
ends with a terminal event in which the patient may
have total or partial recovery of health or death.”

At the beginning of the decision tree, patients could
receive rivaroxaban or no intervention after hospital
discharge. The proportion of all the thromboembolic
events, such as DVT, PE, MI, stroke, and limb acute
ischemia, was evaluated in the two groups. Each group
had three possibilities: no event, thromboembolic event
occurrence, or death. Given the low risk of significant
clinical events with rivaroxaban, which would result in
irrelevant impacts on both costs and effectiveness, the
bleeding rate and allergic reactions were not applied in
the model. This is a conservative model, with an im-
mediate post-discharge horizon timeline of two months,
because we were focused on acute adverse outcome

events and their implications. It was the same follow-up
time pre-specified for the MICHELLE trial. No discount
rate was applied since the model has a horizon timeline
of less than one year. Treeage Pro™ software 2022
(www.treeage.com) was used for the analysis. The
model is demonstrated in Fig. 1.

Efficacy data

DVT, PE, MI, and acute limb ischemia risk ratios
were extracted from the raw database of the MICHELLE
trial. There was no ischemic stroke in the outcomes of
that trial. All relative risks are demonstrated in Table 1.

Medical costs
The model was constructed from the Brazilian Public
Health System (SUS) perspective. Only direct medical
costs associated with treatment during hospitalisation
for each event were evaluated. Outpatient costs were not
considered in the analysis. Cost studies performed in
national hospitals were consulted, and federal databases
informed expenses related to each type of event.” All
costs are demonstrated in Table 2.'*1¢"

The price of rivaroxaban 10 mg was extracted from
the List of Maximum Drug Prices from CMED-ANVISA
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Fig. 1: Decision tree (PE, pulmonary embolism; MI, myocardial infarction; DVT, deep-vein thrombosis).
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Relative Risk (95% Cl)  Source

DVT symptomatic 0.14 (0.01-2.69) Ramacciotti et al."*
DVT asymptomatic 1.96 (0.18-21.40) Ramacciotti et al."*
PE symptomatic 0.49 (0.04-5.35) Ramacciotti et al."*
PE asymptomatic 0.25 (0.03-2.17) Ramacciotti et al."™*
Fatal PE 0.14 (0.01-2.69) Ramacciotti et al."!
Myocardial infarction  0.33 (0.01-7.96) Ramacciotti et al."*
Acute limb ischemia  0.33 (0.01-7.96) Ramacciotti et al."*
Stroke N/A Ramacciotti et al."*
Table 1: Thromboembolic events: relative risks.

(Health Surveillance National Agency).”® A Brazilian
state excise tax (ICMS) of 18% was considered. The
thromboprophylaxis with rivaroxaban 10 mg/daily for 35
days represented an expense of U$ 45.92. American
Dollar was considered currency and converted in 2022
with a conversion rate of 1 USD = 5.33 Brazilian Real
(BRL).

Utilities and mortality rate
The effectiveness of the model was measured in quality-
adjusted life-years (QALYs). They are calculated by
estimating the years of life for a patient after interven-
tion and weighting each year with a utility score, which
varies between 1 (perfect health) and 0 (dead). The
average Brazilian utility is 0.88. We consider it for all
patients with no events.”’ For those who had events, we
used utility studies from medical literature focused on
national studies based on EQ-5D* or SF-36* question-
naires applied to patients who had a thromboembolic
event in the last two months, the same time horizon
chosen in our study. There is a significant decrease in
the quality of life in conditions such as stroke™ and
acute limb ischemia.” All utilities are reported in
Table 2.1415:17.18

The mortality rates were obtained from the infor-
mation system database on mortality from the Brazil
Ministry of Health (Table 2)."

Analyses

Incremental cost-effectiveness ratios (ICER) were
calculated as the difference in costs in the rivaroxaban
group minus control divided by the difference in health

Utility Mortality Mean of
rate (%)"3 costs (USD)

DVT 0.84' 2.95 151.24"

PE 0.63" 18.87 375.79%

M 0.76" 9.68 982.36'°

Acute limb ischemia 0.28" 9.21 468.68"

Stroke 0.44* 16.23 2860.21"
Table 2: Thromboembolic events: utility, mortality rate, and mean of
costs.

outcomes in both groups. The model’s outcome was
each comparator’s quality-adjusted life-years (QALYs)
and the cost per QALY gained. All cost-effectiveness
analyses were developed using the Treeage Pro™ soft-
ware 2022. The reporting in this study follows Consol-
idated Health Economic Evaluation Reporting
Standards 2022  (CHEERS  2022)  statement
(Supplementary Table S3).>* This study was approved by
the local Institutional Review Board (IRB), CAAE
52371121.7.0000.5485.

Role of funding source

Science Valley Research Institute, Sio Paulo, Brazil,
provided modest funding to access the MICHELLE Trial
database. The authors have received no funding to
conduct the study. Science Valley Research Institute had
no role in study design, data collection, analysis, or
interpretation, in the report’s writing or in the decision
to submit the paper for publication.

Results

Three hundred and eighteen patients in 14 centres in
Brazil were enrolled in the primary MICHELLE trial.
The mean age was 57.1 years (SD 15.2), 127 (40%) were
women, 191 (60%) were men, and the mean body-mass
index was 29.7 kg/m2 (SD 5.6). Rivaroxaban 10 mg per
day orally for 35 days after discharge decreased the risk
of events defined by the primary efficacy outcome by
67% (relative risk 0.33, 95% CI 0.12-0.90; p = 0.03).

For a period of 2-month time frame, the mean cost
for thromboprophylaxis with rivaroxaban was $53.37/
patient, and no prophylaxis was $34.22/patient, with an
incremental cost difference of $19.15. The effectiveness
means obtained in the intervention group was 0.1457,
while in the control group was 0.1421, determining an
incremental QALY difference of 0.0036. The estimated
ICER was $5385.52/QALY. Further details on the cost-
effectiveness results can be found in Supplementary
Table S1.

The one-way deterministic sensitivity analysis was
performed to assess the parameter variations. The results
are disclosed in Tornado Diagram (Fig. 2), which dem-
onstrates how variations in each variable affect the ICER.
The bars are distributed in decreasing order of width,
showing that those at the top have the most significant
effect on the ICER. In contrast, variations in variables
near the bottom have relatively little impact on the ICER.

Red bars are the ICER patterns when the parameter
values increase. Blue bars are the ICER response when
the parameter values decrease. The variable that most
impacts directly the model is rivaroxaban’s price, fol-
lowed by hospitalisation costs with PE and stroke. All
variables are represented with their respective confi-
dence interval in brackets. No variable at the confidence
interval’s lower or upper possible values extrapolated
$15,965.25. Further details on the values, ranges, and

www.thelancet.com Vol 24 August, 2023
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ICER: $5,385,52
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Fig. 2: One-way sensitivity analysis - Tornado diagram. (Price and cost in USD. PE, pulmonary embolism; MI, myocardial infarction; DVT, deep-
vein thrombosis; ICER, incremental cost-effectiveness ratio; Cl, confidence interval).

confidence intervals can be found in Supplementary
Table S2.

Discussion
There was no consensus on anticoagulation after
discharge at the beginning of the COVID-19 pandemic,
and the costs of unnecessary anticoagulant prescriptions
may have been very high, or the absence of that may
have led to several thromboembolic preventable events.
The MICHELLE trial demonstrated that rivaroxaban is
effective and safe as thromboprophylaxis in high-risk
patients after hospitalisation for COVID-19 and
became the standard to guide thromboprophylaxis in
those patients."” A meta-analysis published in November
2022, including more than 10,000 patients, demon-
strated that extended thromboprophylaxis was associ-
ated with a statistically significant reduced composite
endpoint of thrombosis and all-cause mortality in pa-
tients with COVID-19 after discharge (OR 0.52; 95% CI:
0.41-0.67, p = 0.0001). Extended anticoagulant therapy
was not associated with a significant increase in serious
bleeding events (OR: 1.64; 95% CI: 0.95-2.82, p = 0.07),
supporting the clinical benefit of post-hospitalisation
thromboprophylaxis in selected COVID-19 patients.”

To evaluate the cost-effectiveness of this therapy, the
incremental cost-effectiveness analysis technique was
chosen because we analysed only acute thromboembolic
events after hospitalisation. The incremental cost-
effectiveness ratio of $5385.52/QALY demonstrated its
cost-effectiveness. It means a gain of one year with the
quality of life per $5385.52 expense.

There are multiple cost-effectiveness analyses re-
lated to COVID-19 vaccination and treatments with

www.thelancet.com Vol 24 August, 2023

remdesivir or monoclonal antibodies in the literature.”
Still, we found no studies addressing anticoagulation
cost-effectiveness during or after hospitalisation. There
is also a lack of DVT, PE, and limb acute ischemia costs
data worldwide, including Brazil, where the MICHELLE
trial was conducted. However, all data related to direct
medical costs and government expenses in Brazil are
published monthly on a public government website
(DATASUS),"” becoming a reliable data source. Only
acute events were assessed in a deterministic analysis
because the horizon time was determined for two
months post-discharge.

Cost-effectiveness analysis takes into consideration a
balance. The Tornado diagram (Fig. 2) discloses costs
for the variables, and at the top of the chart, pulmonary
embolism risk was the most relevant variable, followed
by rivaroxaban cost. A higher relative risk of PE in the
no prophylaxis group decreases the ICER. If PE were
rare, it would increase the cost of PE prophylaxis,
increasing ICER. The same rationale can apply to all
thrombotic outcomes. In addition, the more expensive
rivaroxaban, the higher the ICER.

The ICER limit in Brazil is considered BRL
40,000.00/QALY (USD 7504.69/QALY), but in a pan-
demic scenario, the limit increases to BRL 120,000.00/
QALY (USD 22,514.00/QALY). In the United States, the
cost threshold is $50,000 to $150,000; in the UK, the
most used threshold is £30,000 by QALY.” In our
model analysis, based on the Brazilian perspective, we
met an ICER of $5385.52/QALY, which means using
rivaroxaban post-discharge in patients hospitalised by
COVID-19 is highly cost-effective, considering the
increased limit of ICER due to pandemic.


www.thelancet.com/digital-health

Articles

Rivaroxaban price is a variable that significantly af-
fects the model. If the price of rivaroxaban were $68.67
(the highest variation), the ICER would be $11,822.81/
QALY. Rivaroxaban’s price in Brazil was extracted from
the ANVISA list and cost U$1.30 for each pill,
comparatively cheaper than other countries, such as the
USA. Furthermore, the price may be even lower in
clinical practice, lowering the ICER. If the treatment
price were $22.89, with complete exemption from taxes,
for example, using rivaroxaban would be cost-saving. No
upper bound of all variables exceeded $15,965.10/QALY
on ICER, showing that the model remains cost-effective
even in the worst-case scenario.

Choosing a conservative model with a short time
horizon generates some limitations inherent to the
model, such as only the analysis of acute complications.
Significant sequelae with high cost, i.e., heart failure
after MI and stroke sequelae, were not analysed. If the
horizon were more prolonged, it would impact the
quality of life lost and costs due to chronic effects such
as post-PE illness, heart failure, and post-thrombotic
syndrome. The model would be more cost-effective
and may become cost-saving. Furthermore, different
events could happen in the same patient (i.e., DVT plus
MI), but we did not model the impact of this possible
occurrence.

According to Goldin et al., that validated the
IMPROVE inpatients with COVID-19, approximately
45.7% of patients are classified as high-risk.” Consid-
ering that the number of hospitalisation caused by
COVID-19 in Brazil was 1,564,842 since the beginning
of the pandemic until September/2022,” around
715,133 patients would be classified as high-risk and
considering the risk relative of 0.33, observed on the
MICHELLE trial, almost 480,000 would have benefited
from rivaroxaban use, saving expenses with thrombo-
embolic complications and improving the quality of
life.

In conclusion, the extended treatment with rivarox-
aban as thromboprophylaxis after hospital discharge for
high-risk patients with COVID-19 is a cost-effective
treatment option. The findings of this study have
important implications for resource prioritization and
provide a comprehensive framework to inform policy-
makers about better decisions in public health.
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