
Original articles

Herz 2020 · 45:564–571
https://doi.org/10.1007/s00059-018-4747-6
Received: 2 July 2018
Accepted: 19 August 2018
Published online: 12 September 2018
© Springer Medizin Verlag GmbH, ein Teil von
Springer Nature 2018

K. Bode1,4 · G. Hindricks1 · J. M. ten Berg2,4 · P. Whittaker3,4

1 Department of Electrophysiology, Heart Centre Leipzig, University of Leipzig, Leipzig, Germany
2Department of Cardiology, St. Antonius Hospital, Nieuwegein, The Netherlands
3 Cardiovascular Research Institute & Department of Emergency Medicine, Wayne State University, Detroit,
USA

4Department of Health Policy, London School of Economics and Political Science, London, UK

Anticoagulant plus antiplatelet
therapy for atrial fibrillation
Cost–utility of combination therapy with
non-vitamin K oral anticoagulants vs.
warfarin

Numerous studies employ meta-analy-
sis and cost-effectiveness evaluation to
compare non-vitamin K oral anticoagu-
lants(NOACs)versuswarfarininpatients
with nonvalvular atrial fibrillation (AF;
[1–6]). However, critical gaps in knowl-
edge remain; little information is avail-
able comparing these agents when an-
ticoagulation treatment occurs together
withantiplatelet therapy. Suchevaluation
is necessary for three reasons. (1) This
combination therapy is appropriate for
patients with AF who develop coronary
artery disease and require stent place-
ment. The converse event sequence also
occurs; patients on antiplatelet therapy
who then develop AF and require an-
ticoagulation. For example, combina-
tion therapy with clopidogrel or aspirin
(ASA) and an oral anticoagulant is rec-
ommended with a Class IIaA indication
(after an initial phase of triple therapy)
for up to 12 months after acute coronary
syndrome [7]. (2) Combination therapy
is relativelycommon[8–10]; forexample,
~40% of participants in the Randomized
Evaluation of Long-Term Anticoagula-
tion Therapy (RE-LY) trial of dabigatran
versus warfarin used ASA at the start of
the study [9]. (3)The prevalence of com-
bination therapy will likely increase; for
example, anticoagulation therapy has in-
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creased with the introduction of NOACs
[11]. In addition, the incidence of AF
is projected to increase [12], while risk
factors for other cardiovascular diseases
that may require antiplatelet therapy are
also on the rise [13]. Consequently, com-
bination therapy will be increasingly en-
countered and required.

Combination therapy raises the
prospect of enhanced protection against
thromboembolic complications, butwith
the potential for increased bleeding. Suf-
ficient data are now available to provide
estimates of these events. We recently
conducted a meta-analysis to assess effi-
cacy and risk in a subgroup of patients
with AF on ASA enrolled in randomized
clinical trials (RCTs) comparing NOACs
with warfarin. Our analysis revealed
NOACs plus ASA were more effective in
reducing major thromboembolic com-
plications than warfarin plus ASA and
were as safe as the latter in terms of
major bleeding [14]. We now aim to
extend this investigation to evaluate the
cost–utility of combination therapy.

Methods

We developed a decision tree for the
two patient groups with nonvalvular AF;
NOAC+ASA and VKA+ASA. In our
model, potential clinical states and out-
comes were assigned specific probabili-
ties based onourmeta-analysis and other

published data. The first branches in
the decision tree contained the following
clinical states: no change, myocardial in-
farction (MI), stroke or systemic emboli,
major bleeding, and noncardiovascular
death (. Fig. 1). Potential sequelae were
included at the subsequent branch-level
for each of these states (. Fig. 1). We de-
fined “disablingmyocardial infarction” as
development of heart failure afterMI and
“disabling stroke” as a modified Rankin
Score of 3–6. After major bleeding, we
assumed two potential states: death or
good functional status.

Recently published guidelines recom-
mendedthatcombinationtherapyshould
be discontinued in stabilized event-free
patients 1 year after stenting [7]. There-
fore, we restricted our economic analysis
to a 1-year time horizon.

We used the model outputs to cal-
culate the incremental cost-effectiveness
ratio (ICER) of NOAC+ASA versus
VKA+ASA. As a measure of utility,
quality-adjusted life-years (QALYs) were
estimated. Costs incorporated in our
model reflect the German health-care
payers’ perspective.

Strategy for identifying data
sources

Data from our prior meta-analysis [14]
of subgroups from fourRCTs (RE-LY [8],
Rivaroxaban Versus Warfarin in Non-
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Fig. 18 Decision tree. ASA aspirin, CV cardiovascular,NOAC non-vitamin K oral anticoagulants,
NVAFnonvalvular atrial fibrillation, SE systemic embolism, VKA vitamin K anticoagulants

valvular Atrial Fibrillation, ROCKET-
AF, [9], Apixaban Versus Warfarin in
Nonvalvular Atrial Fibrillation, ARIS-
TOTLE, [15], and Edoxaban Versus
Warfarin in Nonvalvular Atrial Fibril-
lation, ENGAGE, [16]) were used to
estimate the probabilities of first branch-
level events in the model. The proba-
bilities for subsequent outcomes were
extracted from registries and published
studies (. Table 1). We assumed, if not
otherwise indicated, subsequent out-
come probabilities for disability, death,
and good functional status were inde-
pendent of treatment group. By contrast,
clinical states at the first branch-level
were dependent upon treatment.

We were unable to find utility values
for oral anticoagulation therapy with
concomitant antiplatelet use. However,
the utility for VKA/NOAC alone was
0.987/0.998 and for ASA alone, 0.998
[17]. Therefore, we assumed the addi-
tional use of an antiplatelet would not
change these utilities in a material way
and we summed the values. Conse-
quently, we extracted values for the final
health states (. Table 2) from publica-
tions describing utility values in patients
with AF on NOACs or VKA alone
[17–19]. VKA-related utilities were de-
rived frompatients forwhom time trade-
off and standard gamble methods were
used to estimate quality of life; con-
tributing factors included international

normalized ratio (INR) measurements,
diet, and lifestyle changes [17]. A utility
value of “1” represents full health and
a value of “0” denotes death. We assumed
patients who made a complete recovery
after MI, stroke/systemic embolism, and
major bleeding had the same utility as
patients with stable health status.

Costs were expressed in euro
(. Table3). Averagepricesofantiplatelet,
NOACs, and VKAs reflect German costs
and were derived from the Red List [20].
For VKA treatment, we also included
costs associated with required monitor-
ing of the INR. Routine care costs for
both NOACs and VKA patients associ-
ated with general practitioner visits were
included [21]. The one-time costs or
outcomes were taken from the Institute
for Payment Regulations in German
Hospitals (Institut für Entgeldsystem
im Krankenhaus, InEK), according to
German diagnosis related groups (G-
DRGs; [22]). Patients who survived MI/
stroke/systemic embolism were assumed
to participate in inpatient rehabilita-
tion programs for as long as 4 weeks.
These costs were based on expert opin-
ion. After stroke/systemic embolism,
or MI with subsequent disability, ad-
ditional long-term health-maintenance
costs were attributed on the basis of
educated estimates; we assumed one
hospitalization per year together with

four visits to outpatient specialists [21,
22].

Sensitivity analysis

Deterministic sensitivity analyses were
conducted to evaluate the effects of un-
certainty in key input parameters and to
test assumptions made in the calculation
of the final cost-effectiveness.

We performed a one-way sensitivity
analysis on the cost of NOACs. Their rel-
atively high, but likely decreasing, costs
would be expected to exert considerable
influence. Conversely, the cost of ASA
is sufficiently low (~0.03€/day) to be ne-
glected and thus was omitted from sen-
sitivity analyses.

Additional one-way sensitivity analy-
ses were conducted to examine potential
variation in treatment costs for stroke/
systemic embolism,MI, andmajorbleed-
ing. We assumed, in the initial calcu-
lation, an average price for acute ther-
apy independent of event severity. How-
ever, theDRG systempermits differential
billing based on severity; therefore, we
examined a range of costs.

The type and severity class of AF in-
fluence utility values for AF [4, 23–26].
Therefore, we also ran a two-way sen-
sitivity analysis to explore the effect of
such changes; absolute utility values for
AF ranged from 0.59 to 0.85, which were
corrected for antiplatelet and anticoag-
ulant use. Corresponding differences in
values between NOAC and VKA utili-
ties ranged from 0.007 to 0.013 [4, 23,
24] and were also incorporated into the
sensitivity analysis.

Results

The expected 1-year costs were ~50%
lower for VKA+ASA versus NOAC+
ASA (969.12€ versus 1914.58€).
NOAC+ASA treatment was estimated
to provide an incremental 0.0718 QALY
increase within our 1-year time hori-
zon. Hence, the resulting ICER was
13,168.50€ perQALY gained (. Table 4).

Medication costs exerted a con-
siderable effect on ICER estimation
(. Table 5). By contrast, the cost of
(one-time) acute stroke therapy had
a less pronounced effect (. Table 6). Our
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Abstract
Background. Emerging evidence indicates
combination therapy with anticoagulants
and antiplatelet agents for atrial fibrillation
(AF) will be increasingly required. Numerous
studies compare the efficacy and cost-
effectiveness of anticoagulation alone in
AF, i. e., non-vitamin K oral anticoagulants
(NOACs) vs. warfarin. However, the addition
of antiplatelet agents with their potential for
decreasing thromboembolic stroke counter-
balanced by an increased bleeding risk has
received less attention. Thus, we evaluated
the cost–utility of this combination therapy.
Method and results. We obtained event
estimates from our recent meta-analysis of
four randomized clinical trials designed to
compare NOACs with warfarin in patients

with AF. We examined patient subgroups
within each trial that received antiplatelet
therapy in addition to anticoagulation.
Utilities were derived from the literature and
cost estimates from the German health-care
system. A decision tree was constructed and
populated with these parameters. We used
a 1-year time horizon because combination
therapy is not recommended beyond
this time. We calculated the incremental
cost–effectiveness ratio (ICER) per quality-
adjusted life-year (QALY). The derived ICER
was 13,168.50 per QALY. NOAC prices exerted
considerable influence on the calculation.
Nevertheless, there is potential for ICER shifts
in favor of warfarin, e.g., if warfarin-mediated
anticoagulation control is improved and

thereby adverse events decrease. Conversely,
if NOAC adherence decreases, adverse events
could increase.
Conclusion. The derived ICER was 13,168.50
per QALY, consistent with NOACs being cost-
effective vs. warfarin when anticoagulation is
used with antiplatelet agents.
Nevertheless, country-, practice-, and
patient-related factors influence the ICER.
Our cost–utility calculation should be used
a starting point for decision-making.

Keywords
Anticoagulation agents · Platelet aggregation
inhibitors · Coronary artery disease ·
Cost–utility · Non-vitamin K antagonist ·
Warfarin

Antikoagulation plus Thrombozytenaggregationshemmung bei Vorhofflimmern. Kosten-Nutzwert-
Vergleich zwischen Nicht-Vitamin-K-abhängigen oralen Antikoagulanzien undWarfarin

Zusammenfassung
Hintergrund. Aktueller Evidenz zufolge ist die
Kombinationstherapie aus Antikoagulanzien
und Thrombozytenaggregationshemmern
bei Vorhofflimmern (VHF) häufig und
zunehmend. In zahlreichen Studien wird
nur die Wirksamkeit und Wirtschaftlichkeit
zwischen Nicht-Vitamin-K-abhängigenoralen
Antikoagulanzien (NOAK) und Warfarin
verglichen. Die Aufmerksamkeit richtet sich
jedoch weniger auf die zusätzliche Gabe von
Thrombozytenaggregationshemmern mit
ihrem Potenzial eines verminderten Risikos für
thromboembolisch bedingte Schlaganfälle bei
gleichzeitig erhöhtem Blutungsrisiko. Daher
untersuchten die Autoren das Kosten-Nutzen-
Verhältnis dieser Kombinationstherapie.
Methoden und Ergebnisse. Aus der
aktuellenMetaanalyse von 4 randomisierten
klinischen Studien zum Vergleich von NOAK
mit Warfarin bei VHF-Patienten wurden
Ereignisschätzwerteder Patientensubgruppen

mit zusätzlicher Thrombozytenaggregations-
hemmung ermittelt. Die Nutzwerte („utilities“)
wurden der Literatur entnommen, die
Kostenschätzwerte aus Daten des deutschen
Gesundheitssystems. Ein Entscheidungsbaum
wurde entwickelt und mit diesen Parametern
bestückt. Die Autoren benutzten einen Ein-
Jahres-Horizont, da die Kombinationstherapie
darüber hinaus nicht empfohlen wird. Es
wurde das inkrementelle Kosten-Effektivitäts-
Verhältnis (ICER) pro qualitätskorrigiertem
Lebensjahr („quality-adjusted life-year“, QALY)
berechnet. Der ermittelte ICER-Wert betrug
13.168,50 pro QALY. Die Preise für NOAKs
beeinflussen den ICER beträchtlich. Trotzdem
besteht ein Potenzial für Verschiebungen des
ICERs zugunsten von Warfarin, z. B., wenn
die Steuerung der Antikoagulationmittels
Warfarin verbessert würde und somit weniger
Komplikationen darunter aufträten bzw. wenn

unter verminderter Compliance der NOAK-
Therapie mehr Komplikationen aufträten.
Schlussfolgerung. Für die Kombinations-
therapie eines Thrombozytenaggregations-
hemmers mit einem NOAK wurde ein ICER
von 13.168,50 pro QALY ermittelt, was als
kosteneffizient angesehen werden kann, auch
wenn in Deutschland keine festen Grenzwerte
hierfür existieren. Dennoch beeinflussen
landes-, praxis- und patientenbezogene
Faktoren den ICER-Wert. Die vorliegende
Kosten-Nutzwert-Berechnung sollte als
Startpunkt für Entscheidungsfindungen
dienen.

Schlüsselwörter
Antikoagulation · Thrombozytenaggrega-
tionshemmung · Koronare Herzkrankheit ·
Kosten-Nutzen-Verhältnis · Nicht-Vitamin-K-
Antagonist · Warfarin

rangewas frommild cases (cost= 6000€)
to severe cases that required complex in-
tensive care therapy (22,000€). Similarly,
we used a range of costs for MI to reflect
event severity; from early discharge after
uncomplicated MI (6000€) to prolonged
hospitalization associatedwith the devel-
opment of cardiogenic shock (18,000€).

This range also had a limited effect on
ICER; ICER ranged between 13,112.79€/
QALY and 13,279.93€/QALY. Likewise,
a fourfold increase in costs for major
bleeding (2000–8000€) produced a lim-
ited change in ICER; 11,921.05€/QALY
to 14,415.95€/QALY.

Two-way sensitivity analysis with dif-
ferent utilities for the baseline state in
AF patients revealed remarkable differ-
ences in the ICER (. Table 7). Patients
treated with NOACs do not require INR
measurements and have fewer dietary re-
strictions than VKA-treated patients. It
therefore seems likely NOAC-associated
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Table 1 Event probabilities

Probabilities NOAC+ ASA
(%)

VKA+ ASA
(%)

References

Non-CV death 1.30 1.44 Pooled data [8, 16]

No change in health state 92.42 85.65 Subtraction of other states

Myocardial infarction 1.03 0.93 [14]

Death 21.50 21.50 [51]

Heart failure 10.70 10.70 [52]

No disability 67.80 67.80 Subtraction of subsequent states

Stroke/SE 1.60 2.10 [14]

Death 31.50 31.50 [51]

Disability 36.80 36.80 [53]

No disability 31.70 31.70 Subtraction of subsequent states

Major bleeding 3.65 4.17 [14]

Fatal 3.96 9.88 [54]

Nonfatal 96.04 90.12 Subtraction of subsequent states

ASA aspirin, CV cardiovascular, NOAC non-vitamin K oral anticoagulants, SE systemic embolism,
VKA vitamin K anticoagulants

Table 2 Model utilities

Utilities NOAC+ ASA VKA+ ASA Reference

Death 0 0

Unchanged health state with AF 0.756 0.745 [4, 17, 18]

Heart failure after MI 0.5 0.5 [19]

Poor functional status after stroke 0.39 0.39 [17]

No disability after stroke/SE, MI,
major bleeding

0.756 0.745 [4, 17, 18]

AF atrial fibrillation, ASA aspirin,MImyocardial infarction, NOAC non-vitamin K oral anticoagulants,
SE systemic embolism, VKA vitamin K anticoagulants

utility values will always be higher than
those associated with VKA treatment.

. Table 8 shows a two-way sensitivity
analysis designed to examine the influ-
enceof theprobabilityof stroke incidence
on ICER (€/QALY).

Discussion

We found NOAC+ASA to be a cost-
effective alternative to treatment with
VKA+ASA. The calculated ICER was
13,168.50€ per gained QALY for a time
horizon of 1 year. These benefits coin-
cide with a lower incidence of stroke
and systemic embolism and a generally
better safety profile [14].

Sensitivity analysis indicated that
NOAC costs exerted the greatest ef-
fect on ICER, reducing the cost per
QALY gained. This is important be-
cause NOAC cost might be anticipated
to decrease when patent protection ex-

pires; dabigatran in 2018, apixaban in
2019, rivaroxaban in 2021, and edox-
aban in 2031. However, although it
appears intuitively reasonable to assume
prices decrease with patent expiration,
the reality is more complex. Studies in
Canada, the United States, and Europe
demonstrated that after patent expira-
tion, prices for original drugs remained
constant or even increased [27]. Govern-
ment policies, the use of other “clinically
substitutable” in-patent agents, the influ-
ence of prescribers and pharmacists, and
even consumer brand loyalty could all
play roles in maintaining or increasing
prices [28–30]—the so-called generics
paradox [31]. However, generics, if
they become available, are cheaper and
thereby reduce the total cost burden
from the health-care payer perspective.
In Europe, countries where the overall
market share for generic medicines is
high appear to have larger post-patent

price decreases than countries with low
genericmarket share [32]. Consequently,
Germany, which has long provided an
environment conducive to promotion of
generic medicines, may see larger price
declines than countries with more recent
adoption of such policies [33].

In contrast to NOAC costs, because
probabilities for stroke and MI were
small, the cost range used in the model
for these outcomes had relatively little
influence on ICER. However, as antici-
pated, we found ICER decreased slightly
with higher stroke treatment costs. Sim-
ilarly, for MI, ICER decreased slightly as
treatment costs increased. Conversely,
for major bleeding, ICER increased with
rising treatment costs.

Other model parameters with poten-
tial for significant variation are the prob-
abilities used for stroke or systemic em-
boli and major bleeding. The risk for
such events primarily depends, for VKA
therapy, on the degree of anticoagulation
control and, for NOAC therapy, on med-
ication adherence. Because both could
differ from the values used in the model,
they merit consideration.

One index used to assess anticoagu-
lation control with VKA therapy is the
time in therapeutic range (TTR; i. e.,
what proportion of time is spent with an
INR within the specified target range).
Adverse events occur most often when
INR is outside this range. If INR is below
target, the risk of thrombosis increases,
and if above target, the risk of bleed-
ing increases. Consequently, high TTR
values are associated with reduced like-
lihood of stroke and bleeding [34, 35].
Anticoagulation control varies widely
and appears to depend, at least in part,
upon practice setting. A meta-analysis,
conducted on studies from the United
States, revealed higher TTR values in
anticoagulation clinics (63%) than those
achieved by community-based man-
agement (51%; [36]). Country-related
differences were found in a study that
compared INR control in France, Ger-
many, Italy, and the United Kingdom
[37]. The proportion of patients with
good control, defined as TTR >70%,
ranged between 44% in Germany and
65% in the United Kingdom, while mean
TTR ranged from 65 to 73% in the same
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Table 3 Model costs

Costs Unit cost
()

Annual
costs
()

References

NOAC+ASA daily 3.22 1175.30 [20]

GP consultation for NOAC patients (4/year) 37.00 148.00 [21]

VKA+ASA daily 0.27 98.55 [20]

VKAmonitoring+ GP consultation (12/year) 12.93 155.20 [21]

Stroke/SE (one time) 10,000.00 10,000.00 [22]

Myocardial infarction (one time) 10,000.00 10,000.00 [22]

Major bleeding (one time) 5000.00 5000.00 [22]

Inpatient rehabilitation (after stroke/SE, MI; one
time)

8000.00 8000.00 Expert opinion

Disability therapy (after stroke/SE, MI) 2900.00 2900.00 [21, 22]

Death 2500.00 2500.00 [22]

AF atrial fibrillation, ASA aspirin, GP general practitioner,MImyocardial infarction, NOAC non-vita-
min K oral anticoagulants, SE systemic embolism, VKA vitamin K anticoagulants

Table 4 ICER calculation

Treatment Expected
costs
()

Expected out-
come
(QALY)

Incremental
cost
()

Incremental
effect
(QALY)

ICER
(/QALY)

VKA+ASA 969.12 0.6654 – – –

NOAC+ASA 1914.58 0.7372 945.47 0.0718 13,168.50

ASA aspirin, ICER incremental cost–effectiveness ratio, NOAC non-vitamin K oral anticoagulants,
QALY quality-adjusted life-year, VKA vitamin K anticoagulants

Table 5 Effect of NOAC cost on ICER

Cost of NOAC+ASA
()

1.80 2.20 2.60 3.00 3.40 3.80

ICER (/QALY) 9038.00 11,103.25 13,168.50 15,233.75 17,299.00 19,364.25

ASA aspirin, ICER incremental cost–effectiveness ratio, NOAC non-vitamin K oral anticoagulants,
QALY quality-adjusted life-year

Table 6 Effect of one-time stroke therapy on ICER

Cost of stroke therapy () 6000.00 14,000.00 18,000.00 22,000.00

ICER (/QALY) 13,727.85 12,609.15 12,049.80 11,490.45

ICER incremental cost–effectiveness ratio,QALY quality-adjusted life-year

countries. However, these differences
were attributed to different approaches to
INR monitoring—the use of specialized
anticoagulation clinics in the United
Kingdom versus general practitioner
management in the other countries. The
mean or median TTR in all four of the
RCTs we used to construct the model
was below 70% [16, 38–40]; i. e., below
whatwould be considered an indicator of
“good control”. It should be emphasized
that TTRs ≥70% can be achieved. Thus,
there may be circumstances in which
our model overestimates the probabil-

ity of VKA-associated adverse events
because INR control in the RCTs was
“suboptimal.” Similarly, there may be
circumstances in which our model un-
derestimates the probability of NOAC-
associated adverse events because of po-
tentially reduced medication adherence
in real-world therapy [41–43]. In fact,
a cost-effectiveness study of NOACs
versus warfarin (as sole therapies) for
stroke prevention in patients with AF
using Slovenian cost data found that if
TTR was above 70%, then warfarin was
more cost-effective [44]. It remains to

be determined whether the same con-
clusion is reached when combination
therapy is used or if the results apply to
other countries.

Comparison with other studies

As far as we are aware, this is the first
cost–utility study to examine combina-
tion therapy and thus direct comparison
with other studies cannot bemade. Also,
becausecombinationtherapyhasyettobe
prospectively examined in patients with
AF, there is insufficient informationavail-
able to derive event estimates beyond the
follow-upperiodsconducted intheRCTs:
~2–3 years. Furthermore, formost cases,
antiplatelet therapywill be prescribed for
a finite duration [45]. Therefore, we de-
cided to limit our time horizon to 1 year
(we calculated events per year averaged
over the follow-up) and omit Markov-
chain analysis.

There are, however, numerous pub-
lications that examined the cost–utility
of NOACs versus warfarin without ad-
dition of antiplatelet agents. Although
comparisons should be made with cau-
tion because of different cost models and
different methodologies, it is interesting
to note that, for example, recent cost–u-
tility evaluations of apixaban versus war-
farin reported estimated ICERs/QALY
of ~10,500–14,500€ in The Netherlands,
France, and Greece [23, 46, 47]. That
these ICER values are similar to ours
could indicate the net effect of adding
ASA therapy has limited effect on cost–
utility.

Limitations

Our study examined aggregated es-
timates obtained from four different
trials that compared NOACs with VKA.
Therefore, we were unable to compare
the different NOACs with each other or
withVKA. Second, weonly analyzeddata
from subgroups of the original RCTs;
this could have introduced selection bias.
Third, we focused only on ASA. Com-
parative studies comparing combination
therapy of NOAC versus warfarin with
a single P2Y12 inhibitor and comparable
dosages of NOAC as we did in our meta-
analysis have yet to be published. Studies
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Table 7 Two-way sensitivity analysis: impact of different utility values for baselineAF state on ICER (expressed in /QALY)

NOAC Utility for AF at baseline state in VKA patients

– 0.575 0.581 0.675 0.683 0.795 0.803 0.835 0.843

0.586 16,385.69 18,053.45 –30,363.65 –24,721.17 –6863.90 –6527.13 –5456.29 –5241.31

0.686 6106.41 6324.13 14,326.77 16,055.91 –23,279.54 –19,812.49 –12,415.98 –11,356.10

0.806 3483.80 3553.60 5179.21 5389.02 12,449.57 13,734.94 23,397.91 28,391.49

0.846 3047.52 3100.79 4270.35 4411.97 8236.05 8779.60 11,928.58 13,103.55

Values in italics with negative numbers resulted from positive incremental costs, but negative incremental utilities. This means combination NOAC therapy
is unequivocally not cost-effective (it is dominated, achieving poorer outcomes at higher costs) versus combination VKA therapy
AF atrial fibrillation, ICER incremental cost–effectiveness ratio, NOAC non-vitamin K oral anticoagulants, QALY quality-adjusted life-year, VKA vitamin K
anticoagulants

Table 8 Two-way sensitivity analysis: impact of different probabilities for stroke/SE on the ICER (expressed in /QALY)

NOAC Probability of stroke/SE in VKA patients

– 1.4% 1.6% 1.8% 2.0% 2.2% 2.4% 2.6% 2.8% 3.0%

1.4% 13,934.46 13,581.58 13,222.81 12,858.02 12,487.04 12,109.73 11,725.90 11,335.41 10,938.06

1.6% 14,428.02 14,075.67 13,717.38 13,353.02 12,982.41 12,605.40 12,221.82 11,831.50 11,434.26

1.8% 14,931.63 14,579.91 14,222.20 13,858.36 13,488.22 13,111.61 12,728.38 12,338.34 11,941.30

2.0% 15,445.61 15,094.62 14,737.59 14,374.37 14,004.80 13,628.71 13,245.92 12,856.26 12,459.53

2.2% 15,970.28 15,620.12 15,263.88 14,901.40 14,532.51 14,157.03 13,774.81 13,385.64 12,989.33

2.4% 16,505.98 16,156.77 15,801.43 15,439.80 15,071.70 14,696.97 14,315.41 13,926.86 13,531.10

2.6% 17,053.05 16,704.91 16,350.60 15,989.94 15,622.76 15,248.89 14,868.14 14,480.32 14,085.23

2.8% 17,611.87 17,264.93 16,911.77 16,552.21 16,186.08 15,813.21 15,433.39 15,046.44 14,652.16

3.0% 18,182.82 17,837.21 17,485.33 17,127.02 16,762.08 16,390.34 16,011.61 15,625.67 15,232.33

Values in italics represent ICERs below that of the original calculation; 13,168.50€
AF atrial fibrillation, ICER incremental cost–effectiveness ratio, NOAC non-vitamin K oral anticoagulants, QALY quality-adjusted life-year, SE systemic
embolism, VKA vitamin K anticoagulants

such as PIONEER AF-PCI [48] and RE-
DUAL PCI [49] could not be included
because they enrolled a different patient
population. Specifically, they included
only patients undergoing percutaneous
coronary intervention with the urgent
need for a P2Y12 inhibitor, while we
focused on ASA therapy. Fourth, coun-
try-specific cost estimates were used,
which limits generalizability. Moreover,
these costs may not reflect real costs
because the German DRG-based health-
care system allows services to be subsi-
dized if necessary. However, the costs do
reflect those paid by the German health
insurance system. We did not include
indirect costs, such as productivity loss,
because our analysis was based on a 65-
year-old patient with AF (i. e., retired).

The health-state probabilities used
were extracted from the four NOAC
RCTs, observational studies, and inter-
national registries. We further assumed
that all extracted estimates are applicable
to Germany. The choice of time horizon
can exert considerable influence on re-

sults and thereby on the interpretation
[50]. Short time horizons can potentially
mislead if there are high initial costs for
therapies that provide benefit over ex-
tended periods. In our analysis, this was
not the case. In addition, although tem-
poral changes in benefit-to-risk ratios
likely occur (cumulative adverse event
risk increases and drug costs recur), the
relative change over prolonged periods
remains unexamined. Hence, for these
and the clinical reasons described earlier,
we limited our analysis to a 1-year time
horizon.

Implications for practice and
conclusion

In conclusion, NOACs used in combi-
nation with ASA therapy are cost-ef-
fective from a German public health-
care insurance perspective with an ICER
of 13,168.50€/QALY. Even though the
German health-care system imposes no
thresholds on ICER, the ICER we calcu-
lated would be considered an acceptable

level for those countries that do impose
thresholds. The cost–utility analysis al-
lows for a comparison across different
health programs and policies because it
uses a common unit of measure (cost/
QALYs gained).

The cost, morbidity, and mortality of
adverse events associated with AF and
its treatment mean that selecting effec-
tive and safe therapies is of paramount
importance. In the RE-LY, ROCKET-
AF, ARISTOTLE, and ENGAGE trials,
NOACs were shown to be a valuable al-
ternative to VKAs in terms of efficacy
and safety. However, “real-life,” long-
term benefits of NOACs when used to-
gether with antiplatelet agents await con-
firmation.

Our findings should not be re-
garded as a universal endorsement of
superior cost–utility for combination
NOAC+ASA versus VKA+ASA. There
may be circumstances when ICER values
shift in favor ofVKA+ ASA; for example,
when this therapy’s probability of stroke
decreases or as the probability of stroke
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with NOAC+ASA increases. These two
constructs canoccurwith improvedTTR
for the former and poor medication ad-
herence for the latter. In addition, there
are country-specific considerations that
should be taken into account. Instead,
our findings should be considered as
a starting point for decision-making and
calculation.
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