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Abstract

Rationale Atrial fibrillation (AF) is associated with an increased risk of thromboembolism. This risk is currently assessed
with scoring systems based on clinical characteristics. However, these tools have limited prognostic performance. Circulat-
ing biomarkers are proposed for improved prediction of major clinical events and individualization of treatments in patients
with AF.

Objective The aim was to assess the cost-effectiveness of precision medicine (PM), i.e., the use of combined biomarkers
and clinical variables, in comparison to standard of care (SOC) for risk stratification in a hypothetical cohort of AF patients
at risk of stroke.

Methods A Markov cohort model was developed to evaluate the costs and quality-adjusted life-years (QALY's) of PM com-
pared to SOC, over 20 years using a Canadian healthcare system perspective.

Results PM decreased the mean per-patient overall costs by 7% ($94,932 vs $102,057 [Canadian dollars], respectively) and
increased the QALYs by 12% (8.77 vs 7.68 QALYs, respectively). The calculated incremental cost-effectiveness ratio was
negative, indicating that PM is an economically dominant strategy. These results were robust to one-way and probabilistic
sensitivity analyses.

Conclusion PM compared to SOC is economically dominant and is projected to generate cost savings.

Atriz.ll ﬁbrillati.on (AF) is a highly prevalent .condition Accurate stroke risk stratification in atrial fibrillation
causing a considerable health burden worldwide [1-3]. is key for optimal treatment decisions. The currently
AF predisposes patients to an increased risk of stroke and endorsed and widely used risk score tools rely on clini-

systemic embolism, two complications with high rates of cal variables (standard of care [SOC]) and have limited
morbidity, disability, and mortality [4-7]. A key goal in prognostic performance.

the clinical management of AF is the prevention of stroke,

which depends on the accurate assessment of risk in indi- Using a combination of biomarkers and clinical charac-
vidual patients and the early initiation of preventive ther- teristics (precision medicine [PM]) improves prognosti-
apy. Proper risk stratification helps the clinician to assess cation.

whether the risk of stroke is high enough to warrant the Our cost-effectiveness model shows PM to increase

quality-adjusted life-years and decrease costs versus
SOC. PM is economically dominant.
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patients with AF. The most endorsed and commonly used
risk score instrument for stroke is the CHA,DS,-VASc [9]
index, an updated version of CHADS, [10] (congestive
heart failure, hypertension, age > 75 years, diabetes, and
stroke or transient ischemic attack) with three additional
variables (vascular disease, age 65-74, and female sex),
and for bleeding, it is the HAS-BLED [11] index (hyper-
tension, abnormal renal or liver function, stroke, bleed-
ing history/predisposition, labile international normal-
ized ratio [INR], elderly [> 65 years], and drug or alcohol
use). Both tools are based on a scoring system that awards
points to each parameter. The resulting cumulative score
is used to classify patients into a low-, intermediate-, or
high-risk stratum. Despite their popularity and endorse-
ment, these clinical risk factor-based tools have demon-
strated limited prognostic performance [12, 13].

More recently, research in this field has explored the
potential role of circulating biomarkers in improving the
prediction or early diagnosis of stroke in patients with
AF. Substudies [14—17] of large phase III trials [18-20]
have analyzed biomarkers implicated in myocardial injury,
myocardial stress and dysfunction, myocardial fibrosis,
renal dysfunction, inflammation, and coagulation activity.
Among those studied, cardiac troponin (cTn), N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
p-dimer, and growth-differentiation factor 15 (GDF-15)
were identified as having an independent association
with stroke/systemic embolism, bleeding, and/or death.
These findings led to the development and validation of
the ABC-AF risk scores [16, 17, 21]. The ABC-Stroke
[17], ABC-Bleeding [16], and ABC-Death [21] scores
include a combination of biomarkers (cTn, NT-proBNP,
GDF-15, hemoglobin) and clinical parameters (age,
prior stroke/transient ischemic attack [TIA], bleeding,
heart failure) with the highest prognostic value and with
improved prediction performance compared to existing
risk scores (c-indices: ABC-Stroke 0.68 [CI 0.65, 0.71]
vs CHA,DS,-VASc 0.62 [CI 0.60, 0.65]; ABC-Bleeding
0.68 [CI1 0.66,0.70] vs HAS-BLED 0.61 [CI 0.59, 0.63]).

Like the clinical risk scores, the ABC-AF risk scores
are based on a scoring system that attributes points to each
parameter. Among the parameters that compose the ABC-
AF nomograms, only one is binary (prior stroke/TIA on
ABC-Stroke, previous bleeding on ABC-Bleeding, and heart
failure on ABC-Death). The others are continuous variables
(age and cTn on all three nomograms, NT-proBNP on ABC-
Stroke and ABC-Death, and GDF-15 and hemoglobin on
ABC-Bleeding and ABC-Death). Each parameter value is
rated on a “points” scale of 0—10. In the ABC-Stroke [17]
nomogram, for example, the “points” scale total is applied
on a “total points” scale of 0-30 to find the corresponding
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1-year stroke/systemic embolism risk on a scale of 0.01 and
0.15 and the 3-year risk on a scale of 0.01 and 0.3. These
scales differ in the ABC-Bleeding [16] and the ABC-Death
[21] nomogram:s.

Research on the utility of biomarkers as decision-support
tools in AF is constantly growing. In this area, several ques-
tions remain, particularly those related to biomarkers’ cut-
off values for the initiation and selection of treatment, the
optimal frequency for measuring different biomarkers, and,
finally, whether their usefulness in AF would translate into
an added economic value. Thus, the objective of the present
study was to evaluate the economic value of using the ABC-
Stroke and ABC-Bleeding risk scores as an alternative to
solely clinical-based risk scores (CHA,DS,-VASc and HAS-
BLED) to stratify risks and guide the treatment decision in
AF patients at risk of stroke (CHA,DS,-VASc > 1).

2 Methods
2.1 Type of Economic Evaluation

A cost-utility analysis was conducted to compare the incre-
mental cost per quality-adjusted life-year (QALY) gained of
two strategies for the clinical management of a hypothetical
cohort of AF patients at risk of stroke (CHA,DS,-VASc >
1): “Precision Medicine” (PM) versus “standard of care”
(SOC). The strategies were defined as follows:

e SOC: The use of clinical risk scores (CHA,DS,-VASc
and HAS-BLED) to assess the stroke and bleeding
risks and to determine the pharmacological strategy
based on current treatment recommendations. As the
hypothetical patients in the model were at risk of stroke
(CHA,DS,-VASc > 1), all patients under SOC were
treated with an OAC.

e PM: The use of the ABC-Stroke and ABC-Bleeding risk
scores, i.e., a combination of biomarkers (high-sensitivity
troponin I [hs-Tnl], NT-proBNP, GDF-15, hemoglobin)
and clinical information (age, prior stroke/TIA, previous
bleeding), to assess the stroke and bleeding risks and to
determine the pharmacological treatment strategy.

The analysis adopted a third-party payer perspective relat-
ing to a Canadian ministry of health where only direct medi-
cal costs were considered. A 1.5% discount rate was applied
to costs and QALYs, in accordance with the Canadian
Agency for Drugs and Technologies in Health (CADTH)
guidelines [22]. Discount rates of 0 and 3% were included
in the sensitivity analysis.
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2.2 Target Population

The hypothetical population for this economic analysis
was AF patients aged 65 years or older at risk for stroke
(CHA,DS,-VASc > 1).

2.3 Time Horizon

The base-case analysis adopted a time horizon of 20 years
with a cycle length of 3 months. This time length was con-
sidered sufficient to detect differences in the model outcomes
between SOC and PM, with sensitivity analyses conducted
at 10 and 30 years.

2.4 Model Structure

A Markov cohort model was used to compare the alterna-
tive strategies: SOC versus PM (Fig. 1). The clinical path-
way was defined as follows: AF patients with at least one
risk factor for stroke would enter the model, remain in this
initial state (event-free) or experience a new health event.

No Change

Stroke/SE

Post Ischemic stroke

&3]
Standard of Care (SOC)

Post Hemorrhagic Stroke
=

Post Systemic embolism
M 0@

Post MI
3]

Post ICH

AF (at risk of

&3]
stroke)

Post Major Bleed
)

Death

Low risk (< 1%)

Treated

Precision Medicine (PM) Intermediate risk (1-2%)

Fig. 1 Model diagram. AF atrial fibrillation, /CH intracranial hem-
orrhage, IS ischemic stroke, MB major bleed, MI myocardial infarc-
tion, SE systemic embolism. - Decision node—branches represent

Death - Any Cause

{ )< Non treated
High (> 2%)
\—(:) 3]

The model simulated patients’ progression to four major
health states: stroke and systemic embolism, myocardial
infarction (MI), major bleeding, and death from any cause.
Stroke events were either ischemic or hemorrhagic, and
bleeding events were intracranial hemorrhage (ICH) or any
other major bleed. In each health state, the model allowed
only one recurrent event for each patient. All non-fatal event
health states were modeled as semi-absorbing states, i.e.,
patients can only transition to the death state. Event rates for
stroke/systemic embolism, MI, major bleeding, and death
were adjusted in each cycle to reflect an increase in risk over
time, e.g., due to aging or a previous event.

The treatment model was based on current treatment
guidelines and the prescription trends in Quebec [23]. All
treated patients under SOC and PM received an OAC, with
the assumption that 87% would be on a non-vitamin K oral
anticoagulant (NOAC) and 13% on a vitamin K antagonist
(VKA).

Patients in the PM strategy arm could either be at low (<
1%), intermediate (1-2%), or high risk (> 2%) of stroke. In
the base-case analysis, the model assumed 28% of patients

Post Systemic embolism

Ischemic
Stroke Post Ischemic stroke
Hemorrhagic

Post Hemorrhagic Stroke

Post MI

ICH
Post ICH

Other MB
Post Major Bleed

Death

strategies; @ Markov node—branches are health states; O Chance
node—splits pathway into branches; q Terminal node: endpoint for
pathway or cycle
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would be at low, 49% at intermediate, and 23% at high risk
of stroke. These assumptions were based on the ABC-Stroke
risk score data [16, 17, 21] and were varied in the sensitivity
analysis. Patients at low stroke risk were untreated until a
first ischemic stroke, then treated with an OAC. Fifty per-
cent of those at intermediate stroke risk were treated with an
OAC, reflecting a group where the risk of stroke outweighs
the risk of bleeding. The other half were left untreated until a
first stroke event, reflecting a group where the risk of stroke
would be such that an OAC therapy would represent more
harm than benefits given its associated risk of bleeding.
These proportions were varied in the sensitivity analysis.
All patients at high stroke risk were assumed to receive an
OAC regardless of their bleeding risk.

2.5 Clinical Event Rates

The baseline estimates of the annual clinical event rates for
the SOC strategy (Table 1) were obtained from the Apixaban
for Reduction in Stroke and Other Thromboembolic Events
in Atrial Fibrillation (ARISTOTLE) trial [19]. Those for
the PM strategy, low and intermediate-untreated risk groups
(Tables 2, 3) were obtained from published studies in low-
risk and/or untreated or non-anticoagulated patients [24,
25]. The clinical event rates for the intermediate-treated and
high-risk groups (Tables 4, 5) were obtained from the ABC-
Stroke [17] and ABC-Bleeding [16] risk score data, except
for ischemic and hemorrhagic stroke, MI, and death, which
were derived from the hs-Tnl substudy [26]. Annual event
rates were increased by a factor of 1.46 for ischemic stroke,
1.97 for bleeding, and 1.30 for MI per decade of life [27].
Additionally, an event rate adjustment was incorporated in
the model to account for an increased risk of recurrence after
a first event of ischemic stroke (2.20) and MI (2.04) based on
long-term prognosis and survival data from epidemiological
studies [9, 28]. These increases were assumed to be half in
the PM low risk (< 1%) group.

The distribution of patients experiencing certain events
as to the subtype of the event was obtained from a published
study [27] of a similar patient population and applied to the
cohort during each cycle. The base-case event rates were
varied by + 25% in the sensitivity analysis.

2.6 Mortality

Death rates were derived from the ARISTOTLE trial [19]
and the hs-Tnl substudy [26]. An event fatality rate, derived
from published trials [27, 29], was applied on the occurrence
of each event. All fatal events were transferred, in the next
cycle, to the “Death — All Cause” state.
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Table 1 Clinical event rates according to standard of care

Event rate (per 100 Base case = Lower/upper values  Source
patient-years or %) (CIor +25%)
Stroke/SE 1.33 1.00-1.67 [19]
Stroke
Ischemic 1 0.75-1.25 [19]
Hemorrhagic 0.27 0.21-0.34 [19]
SE 0.09 0.07-0.12 [19]
Fatal (%)
Ischemic 18 14-23 [27]
Hemorrhagic 35 26-44 [27]
SE 9 7-11 [27]
Myocardial infarction ~ 0.56 0.42-0.70 [19]
Fatal (%) 11 8-14 [27]
Major bleed 2.11 1.58-2.64 [19]
ICH 0.53 0.40-0.66 [19]
Other 1.88 1.41-2.35 [19]
Fatal (%)
ICH 13 10-16 [27]
Other 2 1-3 [27]
Death all-cause 3.73 2.83-4.66 [19]

CI confidence interval, /CH intracranial hemorrhage, SE systemic
embolism

Table2 Clinical event rates according to precision medicine—low
risk

Event rate (per 100 Base case Lower/upper values Source

patient-years or %) (Clor +25%)
Stroke/SE 0.49 0.37-0.61 [24]

Stroke

Ischemic 0.43 0.32-0.54 [24]
Hemorrhagic 0.03 0.02-0.03 Assumption

SE 0.05 0.04-0.06 [24]
Fatal (%)

Ischemic 11 8-14 [27]

Hemorrhagic 46 34-57 [27]

SE 9 7-11 [27]
Myocardial infarction 0.42 0.31-0.52 [25]
Fatal (%) 11 8-14 [27]
Major bleed 0.26 0.20-0.33 [25]

ICH 0.08 0.06-0.10 [25]

Other 0.19 0.14-0.24 Estimate
Fatal (%)

ICH 13 10-16 [27]

Other 2 1-3 [26]
Death all-cause 1.001 0.75-1.25 [25]

CI confidence interval, /CH intracranial hemorrhage, SE systemic
embolism
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Table 3 Clinical event rates according to precision medicine—inter-
mediate risk, untreated

Table 5 Clinical event rates according to precision medicine—high
risk

Event rate (per 100 Base case  Lower/upper values  Source Event rate (per 100 Base case  Lower/upper values  Source
patient-years or %) (CI or + 25%) patient-years or %) (CI or + 25%)
Stroke/SE 1.66 1.25-2.08 [25] Stroke/SE 2.63 2.24-3.08 [17]
Stroke Stroke
Ischemic 1.4 1.05-1.75 [25] Ischemic 1.61 1.21-2.01 [26]
Hemorrhagic 0.08 0.06-0.10 [25] Hemorrhagic 0.5 0.37-0.63 [26]
SE 0.17 0.13-0.21 [25] SE 0.13 0.10-0.16 [26]
Fatal (%) Fatal (%)
Ischemic 11 8-14 [27] Ischemic 18 13-22 [27]
Hemorrhagic 46 34-57 [27] Hemorrhagic 35 26-44 [27]
SE 9 7-11 [27] SE 9 7-11 [27]
Myocardial infarction  0.89 0.68-1.13 [27] Myocardial infarction ~ 0.89 0.67-1.11 [26]
Fatal (%) 11 8-14 [27] Fatal (%) 11 8-14 [27]
Major bleed 0.25 0.19-0.31 [25] Major bleed 3.75 3.38-4.01 [16]
ICH 0.13 0.10-0.16 Estimate ICH 0.64 0.48-0.80 [26]
Other 0.44 0.33-0.55 [25] Other 3.12 1.93-3.21 [26]
Fatal (%) Fatal (%)
ICH 13 10-16 [27] ICH 13 10-16 [27]
Other 2 1-3 [27] Other 2 1-3 [27]
Death all-cause 1 0.75-1.25 [25] Death all-cause 7.48 5.61-9.35 [26]

CI confidence interval, /CH intracranial hemorrhage, SE systemic
embolism

Table 4 Clinical event rates according to precision medicine—inter-
mediate risk, treated

Event rate (per 100 Base case  Lower/upper values  Source
patient-years or %) (CI or + 25%)
Stroke/SE 1.37 1.18-1.58 [17]
Stroke
Ischemic 0.92 0.69-1.15 [26]
Hemorrhagic 0.39 0.29-0.49 [26]
SE 0.07 0.05-0.09 [26]
Fatal (%)
Ischemic 18 13-22 [27]
Hemorrhagic 35 26-44 [27]
SE 9 7-11 [27]
Myocardial infarction ~ 0.53 0.40-0.66 [26]
Fatal (%) 11 8-14 [27]
Major bleed 1.56 1.30-1.89 [16]
ICH 0.53 0.40-0.66 [19]
Other 1.17 0.88-1.46 [19]
Fatal (%)
ICH 13 10-16 [27]
Other 2 1-3 [27]
Death all-cause 3.29 2.474.11 [26]

CI confidence interval, /CH intracranial hemorrhage, SE systemic
embolism

CI confidence interval, /CH intracranial hemorrhage, SE systemic
embolism

2.7 Utility Values

Utility/disutility values (Table 6) were sourced from pub-
lished studies in similar populations and applied whenever
a patient experienced an event [30-32]. Utility values are
measured on a scale from 0 (equivalent to death) to 1 (per-
fect health). In the initial AF disease state, a mean decrement
of 0.045 was applied to the utility value for AF (0.81) to
account for disutility due to age, OAC treatment, and stroke
initial risk level. As patients progressed to different health
states, an event decrement was also applied to the initial AF
utility value (0.77). The model assumed no difference in util-
ity values between SOC and PM. The disutility values were
assumed to apply from the cycle in which the event occurred
until the end of the follow-up period or death. Upper and
lower disutility values (95% confidence interval [CI]) were
obtained from the literature and applied in the sensitivity
analysis [30-32].

2.8 Resource Use and Costs

In the initial AF health state, when no health events have yet
occurred, the cost generated under SOC included the drug
cost, whereas under PM, it included the biomarker testing
cost for the untreated cohorts plus drug costs for the treated
cohorts.
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Table 6 Utility/disutility values

Health state Base case Lower value Upper value Source

NVAF (utility) 0.81000  0.67819 0.91373 [30, 33]
Decrement
Age 0.00029  0.00025 0.00034 [30, 33]
SE 0.1199 0.10224 0.13880 [30, 33]
IS 0.2958 0.2372 0.3554 [32]
HS 0.2958 0.2372 0.3554 [32]
MI 0.1247 0.10645 0.14356 [30, 31, 33]
MB 0.1814 0.15476 0.20899 [30, 33]
ICH 0.092 0.069 0.115 [31]
Apixaban 0.0020 0.00 0.04 [27]
Warfarin 0.0120 0.00 0.08 [27]

HS hemorrhagic stroke, /CH intracranial hemorrhage, IS ischemic
stroke, MB major bleed, MI myocardial infarction, NVAF non-valvu-
lar atrial fibrillation, SE systemic embolism

Table 7 Cost inputs (in Canadian dollars)

Acute events (one-time cost) and long-term costs (in
Canadian dollars [CAD]) (Table 7) were based on Cana-
dian sources from published literature [31, 32]. The cost
of 3 months’ medication was obtained from the “Régie
de I’Assurance Maladie du Québec” price list [33], with
inclusion of a $8.50 prescription fee and an 8% pharma-
cist’s markup. The cost of drugs assumed daily use and
no discontinuation. Since treated patients could receive
either a VKA or an NOAC, the cost of treatment includ-
ing INR monitoring costs was averaged in the base-case
analysis. Further, considering the recent approval by
Health Canada of a generic version of apixaban and the
upcoming listing of the drug on Canadian drug formular-
ies, the total price of treatment was lowered, in a sensi-
tivity analysis, to include the price of generic apixaban.
This price was assumed to be 25% of the original cost.
The costs of biomarker tests were obtained from pub-
lished literature [34-37] and were based on a frequency
of once per 3-month cycle, since data have shown minimal

Cost® of event Base case Lower/upper values (+ 25%) Source
SE $9610 $7208-$12,013 [32]
IN $71,628 $53,721-$89,535 [31]
Fatal IS $21,160 $15,870-$26,450 [31]
HS $71,628 $53,721-$89,535 [31]
Fatal HS $21,160 $15,870-$26,450 [31]
ICH $20,857 $15,643-$26,071 [31]
Fatal ICH $9259 $6944-$11,574 [31]
Other major bleed $5532 $4149-$6915 [31]
MI $14,334 $10,750-$17,918 [31]
Fatal MI $9259 $6944-$11,574 [31]
Long-term costs® (per annum)
IS $24,018 $18,013-$30,023 [31]
HS $24,018 $18,013-$30,023 Assumption
ICH $9945 $7459-$12,431 [31]
MI $4121 $3091-$5151 [31]
Costs of drugs and biomarkers testing (per 3 months)
Apixaban 5 mg bid® $320 - [33]
Generic apixaban 5 mg bid $86,9 - Assumption
Generic warfarin 5 mg od® $16.30 - [33]
INR monitoring $89.14 - [31]
NT-proBNP $22/test $16.50-$27.50 [34]
Hemoglobin $15/test $11.25-$18.75 [35, 36]
GDF-15 $4.22/test $3.16-$5.28 [35, 36]
Hs-Tnl $3.70/test $2.78-$4.63 [37]

bid twice daily, GDF-15 growth-differentiation factor 15, HS hemorrhagic stroke, As-Tnl high-sensitivity troponin I, /CH intracranial hemor-
rhage, INR international normalized ratio, IS ischemic stroke, MI myocardial infarction, NT-proBNP N-terminal prohormone of brain natriuretic

peptide, od once daily, SE systemic embolism

#Cost estimated using 2022 Canadian inflation rate

Cost of drugs is based on the “Liste des Médicaments - Régie de 1’Assurance Maladie du Québec,” 2022 with $8.50 prescription fee and 8%

mark-up
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fluctuation in biomarkers’ concentrations over a short time
period [38]. The cost of drugs, acute events, and long-term
monitoring were updated to 2022 CAD by using the Bank
of Canada inflation calculator, which is based on the Con-
sumer Price Index (CPI) [39]. All costs, except drug cost,
were varied by + 25% in the sensitivity analysis.

2.9 Analyses

The incremental cost-effectiveness ratio (ICER) was com-
puted to determine the costs/QALY of PM versus SOC over
20 years at a Canadian willingness to pay (WTP) of $50K
CAD.

One-way sensitivity analyses were conducted to test
the impact on the ICER of changes in underlying param-
eter values and assumptions within the model. The analy-
ses included key model parameters and were presented as
a tornado diagram. Joint model parameter uncertainty was
assessed using probabilistic sensitivity analysis (PSA). The
PSA was conducted using Monte Carlo simulations [40].
Estimates of incremental costs and QALY's were obtained
by running 10,000 iterations where the value of each model
parameter was randomly sampled from a probability distri-
bution. A beta distribution was used for varying the clini-
cal events and utility values, and a gamma distribution for
costs, except drug cost (fixed). All parameters were var-
ied by + 25% except where measures of dispersion were
available. Cost-effectiveness acceptability curves (CEACs)
were derived to illustrate the probability of each strategy
being optimal given different values of WTP/QALY gained.
Additionally, an incremental cost-effectiveness scatter plot
was generated to present the difference in the total aggre-
gated costs versus the difference in QALY's accrued through
20-year use of PM versus SOC.

The cost-effectiveness analyses were carried out using the
TreeAge Pro Healthcare 2022 software (TreeAge Software,
Williamstown, MA, USA; software available at http://www.
treeage.com).

2.10 Model Validation

At the design stage, the face validity of the model was exam-
ined by a clinical pharmacology and pharmacoepidemiol-
ogy specialist (J. LeLorier). The purpose of the evaluation
was to check the model's clinical assumptions and structure
in view of what is known in the field and available data.
Internal validation was done as a quality check, first, elec-
tronically by using the TreeAge software model validation
tool and, second, manually. Electronic validation checked
the model for errors such as coding, missing or unused data,
end/terminal nodes, and consistency in half-cycle correc-
tions. Manual validation included the logical structure of

the model, a review of the model inputs against data sources,
programming, i.e., coding, formulas, and their execution in
the model, and the model results. The model results were
validated at each step to ensure that the data generated were
consistent with the expected data. For instance, the SOC
strategy outcomes were equivalent to those of PM interme-
diate-risk, treated patients. This result was in line with the
expected outcomes in these groups as the clinical data input
for the SOC strategy was obtained from the ARISTOTLE
trial [19], whose patient population was treated and had a
mean CHADS, of 2.1 (range 1 to > 3). External validation
was done by comparing the model results to those of the
ARISTOPHANES [41] observational study, which assessed
stroke/systemic embolism and major bleeding outcomes in
a similar population.

3 Results
3.1 Base-Case Analysis

In this model, PM, as compared to SOC, resulted in a lower
incidence of hemorrhagic events and deaths. Among a hypo-
thetical cohort of 1000 AF patients followed over 20 years,
PM is predicted to cause four fewer hemorrhagic strokes, 36
fewer ICHs, 119 fewer other major bleeds, and 119 fewer
deaths than SOC. These benefits would be mainly generated
by the low and low-intermediate risk groups not receiving an
anticoagulant and, hence, avoiding the treatment’s bleeding
adverse events. On the other hand, SOC, compared to PM, is
predicted to cause fewer strokes/systemic embolisms and MI
events (34 and 25, respectively). These benefits would result
from the protective effect of anticoagulation therapy against
stroke being broadened to patients who may have needed it.

The cost-effectiveness analysis showed PM, as compared
to SOC, to decrease the mean per-patient overall costs by 7%
(394,932 vs $102,057 CAD, respectively) and to increase the
QALYs by 12% (8.77 vs 7.68 QALYs, respectively). The
resulting ICER was negative (—$6541 CAD) indicating that
PM was a dominant strategy (Table 8).

3.2 One-Way Sensitivity Analysis

A tornado diagram (Fig. 2) presents the results from one-
way sensitivity analyses with the top 25 parameters that had
the most impact on the ICERs. The ICERs varied between
—$13,209 and $3025 CAD per QALY gained. Those values
were obtained with a + 25% variation in the rate of stroke/
systemic embolism under SOC. Regardless of the variation
in costs, utility/disutility, events’ rate, time horizon, or dis-
count rate, the PM strategy remained dominant.
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Table 8 Cost-effectiveness analysis: base-case results

Strategy ~ Cost? Acost® QALYs AQALYs ICER?
PMP® $94,932 8.77
SOC* $102,057  $7125 7.68 - 1.09 — $6541

ICER incremental cost-effectiveness ratio, PM precision medicine,
SOC standard of care, QALY quality-adjusted life-year

#Canadian dollars
"PM: Undominated—Iess costly and more effective than SOC

“SOC: Absolutely dominated—more costly and less effective than
PM

3.3 Scenario Analysis

Since the decision of treatment under PM was based on our
best clinical judgement and the observed stroke risk in the
ABC-AF score studies, we conducted sensitivity analyses
to assess the impact of varying the size of the low-risk and
low-intermediate-risk cohorts and, consequently, the rate of
treated and untreated patients in the model. Reducing the
relative size of the low-risk cohort from 28% (base-case
value) to 0%, increased the ICER from —$6541 to $12,539
CAD per QALY gained. Also, reducing the low-intermedi-
ate cohort (untreated group) from 50% (base-case value) to
0%, i.e., 100% of patients in the intermediate group were
treated, decreased the ICER to — $12,860 CAD per QALY

Stroke/SE in SOC

. . I
Major bleed in SOC —
Death in PM — high risk 8roup ......cccceveeerivsnenceecinnereeneeenns
Stroke/SE in PM — intermediate risk untreated group ....... I—
L

Cost of IS ——
Cost of major bleed

———

Stroke/SE in PM — low risk group

gained. Additionally, lowering the total cost of treatment by
including the price of a generic NOAC resulted in an ICER
of — $2119 CAD per QALY gained, and varying the time
horizon to 10 or 30 years generated ICERs of — $11,975
and — $3167 CAD per QALY gained, respectively. In all
scenarios, the PM strategy remained dominant.

3.4 Probabilistic Sensitivity Analysis

The PSA resulted in a mean ICER (95% CI) of — $6555
(— $11,406 to — $1896) CAD per QALY gained. The con-
clusions relating to the cost-effectiveness analysis were
robust. The incremental CEAC (Fig. 3a) showed PM to be
100% cost-effective at a WTP threshold between $0 and
$100K CAD per QALY gained. Furthermore, 100% of the
trials (10,000 iterations) showed PM to be a dominant strat-
egy, representing a maximum net benefit over SOC (Fig. 3b).

4 Discussion

Circulating biomarkers have been proposed to improve risk
stratification and the clinical management of AF patients.
The present study showed that this clinical utility gener-
ates an added economic value compared to the SOC. In the
base-case analysis, PM, i.e., use of the ABC-Stroke and the
ABC-Bleeding scores for risk stratification and treatment

Death in PM — intermediate risk treated group ::

Stroke/SE in PM — Intermediate risk treated group ... " ——
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Fig.2 Tornado diagram representing one-way sensitivity analyses.
The diagram shows the top 25 parameters (clinical event rate, cost,
or utility) whose variation had the most impact on the ICER. The
solid vertical lines represent: (1) the base-case EV of the ICER of
PM compared to SOC and (2) the WTP at $50K CAD. The horizon-
tal bars indicate the range of the ICERs obtained by varying each
parameter between its lowest and highest value while holding all oth-
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ers constant. The highest and lower ICER values were obtained with
+ 25% variation of stroke/SE rate under SOC. PM was a dominant
strategy in all scenarios. AF atrial fibrillation, CAD Canadian dollars,
EV expected value, ICER incremental cost-effectiveness ratio, ICH
intracranial hemorrhage, IS ischemic stroke, MI myocardial infarc-
tion, OAC oral anticoagulant, PM precision medicine, SE systemic
embolism, SOC standard of care, WTP willingness to pay
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Fig. 3 Probabilistic sensitivity analysis of precision medicine (PM)
vs standard of care (SOC). a Cost-effectiveness acceptability curve.
The red line representing PM shows it is 100% cost-effective over
the range of the willingness-to-pay values. b Incremental cost-effec-

management, was cost-effective at a WTP of $50K CAD and
at a WTP as low as $0 CAD per QALY gained compared
to SOC. The estimated ICER was — $6541 CAD per QALY
gained. PM reduced healthcare costs by 7%, increased
QALYs by 12%, and was, therefore, an economically domi-
nant strategy. These results were robust in all sensitivity
analyses.

The added economic value of PM was driven by the dis-
criminatory capacity of the ABC-Stroke and ABC-Bleeding
risk scores to identify among patients classified “at risk”
of stroke with SOC a subgroup at low stroke risk who will
likely not benefit from an OAC, while being put at unneces-
sary risk of bleeding. In our model, this translated into four
fewer hemorrhagic strokes, 36 fewer ICHs, 119 fewer major
bleeds, and 119 fewer deaths than with SOC.

4.1 Clinical Implications

The relationship between biomarkers and AF has been well
established [42]. Studies have demonstrated that abnormal
biomarker concentrations reflecting cardiac and renal dys-
function as well as inflammation and oxidative stress iden-
tify patients at higher risk of developing AF. Merino-Merino
et al. [43], in a recent study comparing AF patients with
healthy study participants, showed a relationship between
NT-proBNP, ST2, high-sensitivity cardiac troponin T, and
the presence of AF, with NT-proBNP showing the high-
est yield in differentiating patients with AF from healthy
participants.

In the AF setting, including biomarkers in risk scales
for stroke and bleeding risk prediction added a statisti-
cally significant improvement to conventional clinical-
based scores. Validation studies of the ABC-Stroke and
ABC-Bleeding scores (ABC-AF scores) demonstrated an
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tiveness scatter plot. Each green dot represents the incremental cost
over the incremental quality-adjusted life-year obtained in each of the
10,000 simulations. PM is 100% dominant

enhanced discriminatory performance when compared
to CHA,DS,-VASc and HAS-BLED scores (c-indices:
ABC-Stroke 0.68 [CI 0.65, 0.71] vs CHA,DS,-VASc 0.62
[CI 0.60, 0.65]; ABC-Bleeding 0.68 [CI 0.66, 0.70] vs
HAS-BLED 0.61 [CI 0.59, 0.63]) [16, 17]. In multivariate
analyses, congestive heart failure, hypertension, diabetes
mellitus, and gender added very little discriminatory infor-
mation beyond what was provided by circulating biomarkers
included in the ABC-AF scores. This finding supports the
evidence of the limited ability of clinical variables-based
risk scores to accurately predict risk in this population and
underscores the need for improved risk prediction in AF.

In the management of patients with AF, physicians are
faced with the challenge of finding a balance between the
benefits of anticoagulation therapy and the risk of bleeding.
The ABC-AF scores may be useful tools to identify patients
who may benefit most from anticoagulation since they are
constituted by specific markers with less overlap between
thromboembolic and bleeding risk. In patients at low risk
for both stroke and bleeding, studies have demonstrated
no meaningful difference in outcomes when patients were
treated with NOAC (low or high dose) or VKA. By con-
trast, the NOAC regimen was superior to the VKA regimen
among patients with high ABC-Stroke or ABC-Bleeding
scores. Further, when a high risk of both stroke and bleeding
was predicted, patients had the best outcome with a higher
dose of the NOAC, while those with a low risk of stroke but
with a high risk of bleeding had the best outcomes with the
lower dosage [17].

Biomarkers play an important role in PM. Since ABC-
Stroke and ABC-Bleeding are based on a continuous vari-
ables scoring system, they allow the monitoring of increases
or decreases in risk of future events, and thus provide deci-
sion support for personalized patient care. However, more

A\ Adis



G. Nakhlé et al.

data are needed on their applicability to daily practice and on
their cost-effectiveness compared to usual care, which was
shown in our study to generate economic savings.

4.2 Limitations

The main limitation of this study is the fact that it is based
on a hypothetical cohort of AF patients whose data were
derived from several published studies. The ARISTOTLE
[19] clinical trial and its biomarker substudies [16, 17, 21]
were the principal source of data for the anticoagulated
cohorts, whereas the AVERROES trial [29] and an obser-
vational study by Lip et al. [24] were the data source for the
untreated cohorts. Although efforts were made to match the
populations on two criteria, risk score and absence of OAC
therapy, the event rates used may not be reflective of real-life
observations in these groups. Also, differences between the
trials and population characteristics may have contributed to
uncertainties in the model.

Our model assessed the clinical and economic benefits in
patients at risk of stroke who, under SOC, would generally
be treated with OAC without accounting for those untreated
patients under SOC who may be treated under PM. As the
ABC-Stroke risk score has the potential of reclassifying risk
levels upward or downward, this may have implications in
terms of overall clinical benefits and costs. Nevertheless, the
internal validation of the ABC-Stroke score in a subgroup
of patients without prior stroke, taken as a proxy for a pri-
mary prevention setting, showed a higher c-index compared
to CHA,DS,-VASc score (0.66 vs 0.59, P < 0.001) [17].
Data from these studies have also indicated that, within both
low- and high-risk CHA,DS,-VASc score cohorts, the ABC-
Stroke further stratified patients into subgroups with 1-year
observed event rates close to the 1-year predicted by the
ABC-Stroke score. Based on these observations, one may
assume that any misclassification upward by the ABC-AF
scores, e.g., false positive cases, would be outweighed by
their increased accuracy versus CHA,DS,-VASc to identify
true positive patients needing anticoagulation therapy. This,
ultimately, would result in a decrease in harmful events and,
consequently, costs.

One of the main advantages of measuring biomarker
levels in AF patients is the ability to monitor changes in
atrial dysfunction and thromboembolic risk over time and
to adjust treatment accordingly. In our model, the event
rates used in the PM strategy arm came from the ABC-AF
risk score studies, which assessed the biomarkers’ levels
at study entry and the risk of events over 1.9 years. To
account for changes in event rates over time, we mod-
eled the increases in risks with every decade of age and
after a first event, using published data [27, 31]. We also
assumed that these increases were the same for all groups
but half in the PM low-risk group. This may have led to
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an underestimation of the outcomes in this group and/or
an over or underestimation of the outcomes in the PM
intermediate- to high-risk groups. Additionally, there are
presently no guidelines regarding the optimal cut-off value
of the ABC-AF risk scores as a decisive tool for select-
ing different treatment strategies. Our analysis considered
OAC treatment for the mid-intermediate- and high-risk
patients without considering changes to the type of OAC
or its dosage in relation to the level of risk or other clini-
cal parameters. This treatment strategy represents our best
clinical judgement based on the available data and may not
represent an optimal approach for these patients. Trans-
lating biomarker study results into clear clinical practice
guidelines would help the medical community understand
how the ABC-AF risk scores may be used as decision sup-
port tools while accounting for all potential benefits and
harms to patients. Nevertheless, from a cost-effectiveness
perspective, our analysis showed PM to remain a domi-
nant strategy even when there were no patients in the PM
low-risk group or when the entire intermediate group was
treated with an OAC.

Other limitations include the use of data from a controlled
trial setting where patients are generally treated and followed
under optimal conditions; thus, the outcomes observed may
not be representative of real-life data. Other data used in
the model such as patient definition (age and risk level),
OAC type and dosage regimen, drug and event costs, and
the Canadian healthcare system perspective make the results
not necessarily generalizable to other settings. We acknowl-
edge the possibility that minor unforeseen errors may have
escaped the scrutiny and thoroughness of our validation
processes. If any, we are confident these would have little
to no impact on the overall results and conclusions. Finally,
we were unable to compare our results to others since no
studies on the cost-effectiveness of the ABC-AF scores have
been published.

5 Conclusion

This cost-effectiveness analysis indicates that PM, i.e., using
the ABC-Stroke and the ABC-Bleeding risk score tools for
risk stratification and treatment selection in non-valvular AF
patients, generates cost savings and increased effectiveness
compared to SOC and is therefore economically dominant.
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