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Abstract

Percutaneous coronary intervention (PCI) is one of the most common medical procedures
performed for treatment of coronary artery disease. Antiplatelet medications as adjunctive therapy
for PCI are used routinely, with indications for specific agents or their combinations varying
depending on the clinical scenario. While the cost-effectiveness of well-established agents has
been extensively studied, newer drugs have not been evaluated as thoroughly. In addition, the
clinical application of some antiplatelet drugs has recently changed, thus making older studies of
cost effectiveness less applicable to the current landscape of clinical practice. This article reviews
cost-effectiveness considerations of antiplatelet therapies in treatment of coronary artery disease in
patients undergoing PCI. Aspirin, P2Y12 inhibitors including clopidogrel and the newer agents
prasugrel and ticagrelor, as well as GP Ilb/ll1a inhibitors are discussed. Overall, the use of dual
antiplatelet therapy (DAPT) with aspirin and P2Y 12 inhibitor in patients undergoing PCI improves
ischemic outcomes and appears to be cost-effective. The few available studies suggest that recently
approved medications prasugrel and ticagrelor are cost-effective alternatives to clopidogrel.
However, no direct comparison between these two newer agents is available. The indications for
GP Ilb/111a inhibitors have changed in the current PCI era, and there is a paucity of cost-
effectiveness data for their use in contemporary care.

Introduction

Coronary artery disease is exceedingly common and expensive.! In addition to medical
therapy, percutaneous coronary intervention (PCI), including balloon angioplasty, stent
placement, and adjunctive procedures such as thrombectomy and atherectomy, is frequently
utilized in the treatment of symptomatic coronary artery disease. PCI is the treatment of
choice for two major subsets of coronary artery disease: high risk acute coronary syndromes
(ACS), including ST elevation myocardial infarction (STEMI), non-ST elevation myocardial
infarction (NSTEMI) and unstable angina (UA), and in conjunction with optimized
guideline-directed medical therapy for stable, symptomatic ischemic heart disease 2 3
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Coronary angioplasty is achieved by inflating specially designed balloons at super-
atmospheric pressures to relieve the stenosis at the site of the lesion. This results in
obligatory injury to the vessel wall structures, which exposes thrombogenic subendothelial
matrix and collagen to platelets, which may initiate platelet adhesion and activation, which
in turn promotes thrombus formation.# Bare metal stent (BMS) implantation reduces the
natural tendency for vessel recoil after balloon angioplasty, thus promoting long-standing
vessel patency. However, tissue healing after said injury leads to scar tissue formation and
stent restenosis. Drug-eluting stents (DES) reduce this reaction and thus limit scar tissue
formation and restenosis, but increases the time for re-epithelization of the stent struts, thus
prolonging the existence of and exposure to a potentially thrombogenic milieu.> This
prolonged exposure can lead to both early and delayed (>1 year) stent thrombosis,
manifesting as acute coronary syndromes and myocardial infarction.

Several pharmacological strategies have been utilized to decrease the risk of thrombotic
events. First, periprocedural anticoagulation with either unfractionated or low-molecular-
weight heparin or bivalirudin is routinely used. In addition, as platelets are central to the
initiation, propagation and maintenance of PCl-related thrombus, several antiplatelet
regimens have been employed. The anti-platelet agents can be categorized into aspirin,
thienopyridine (clopidogrel and prasugrel) and non-thienopyridine (ticagrelor) ADP P2Y12
receptor inhibitors, and glycoprotein (GP) Ilb/llla inhibitors. As a group, these agents have
been shown to decrease ischemic events in patients undergoing PCI, but their use varies
based on the clinical setting.6-8

Current recommendations for antiplatelet therapy in patients undergoing PCI differ
somewhat based on the indication for PCI, as well as type of stent implanted (BMS vs.
DES). The indications can be generalized to ACS (STEMI and NSTEMI/UA), in which PCI
generally portends a survival benefit, and non-ACS (stable angina), where PCl is a
symptomatic treatment.2 Aspirin is recommended for all manifest coronary disease and
should be initiated before PCI and indefinitely thereafter. A P2Y12 inhibitor loading dose is
recommended at the time of or prior to ACS-PCI, while clopidogrel alone is recommended
for non-ACS PCI. The recommended duration of dual antiplatelet therapy (DAPT) varies: in
the setting of PCI for ACS the current recommendation is for 12 months of DAPT regardless
of the type of stent implanted, while for PCI in the non-ACS setting at least 12 months of
DAPT is recommended for patients receiving DES and at least 1 month and up to 12 months
for patients receiving BMS. Earlier discontinuation of DAPT in patients at high risk of
bleeding is reasonable if this risk exceeds the perceived benefit.

The recommendations for use of GP 11b/Il1a inhibitors have been updated recently.2 © The
benefit of these intravenous platelet inhibitors in the setting of PCI has been demonstrated in
multiple studies. However, current management strategies, in particular adoption of early
intervention, treatment of patients with P2Y 12 inhibitors, and increasing use of bivalirudin
as an anticoagulant have diminished their applicability to contemporary practice, largely
owing to the excess bleeding that accompanies their use when paired with aspirin and a
P2Y12 inhibitor.10: 11 Nonetheless, GP 11b/111a inhibitors are considered reasonable at the
time of PCI for patients not pretreated with P2Y12 inhibitor in both ACS (class Ila) and non-
ACS (class lla & 11b) settings.? ° Furthermore, in patients exhibiting high-risk features, such

Pharmacoeconomics. Author manuscript; available in PMC 2016 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weintraub et al.

Page 3

as diabetics with elevated biomarkers and dynamic EKG changes, administration of GP I1b/
I11a inhibitors prior to or at the time of PCI has a class | indication as part of DAPT in UA/
NSTEMI.19 It is noteworthy that routine administration of GP I1b/Illa inhibitors prior to
primary PCI for STEMI (i.e. facilitated PCI) is not beneficial, and may be harmful.2 The
intravenous P2Y 12 blocker cangrelor, which like GP I1b/Illa inhibitors has been used intra-
procedurally, has recently been approved by the FDA, and is likely to be incorporated into
practice, especially in patients with acute coronary syndromes (ACS).12

Cost-Effectiveness based on Models and Clinical Trials

Aspirin

Cost-effectiveness analysis (CEA) always involves comparison of a new therapy to a
previous standard or control.13 Effectiveness is most commonly measured in life years or
quality adjusted life years, which permits comparison of CEA across wide disciplines in
medicine. The fundamental measure is the incremental cost effectiveness ratio (ICER),
which is the ratio of the incremental cost of a new therapy compared to control divided by
the incremental cost. There are always assumptions involved in the calculation of both the
measure of effectiveness and cost, and associated error. CEA may be developed entirely
from models or from patient level data alongside clinical trials.14 CEA from trials offers
patient level data, permitting assessment of stochastic error. However, virtually all CEA
involve some element of modeling. The time horizon of CEA poses analytic challenges; it
may be confined to a clinical trial period, a limited number of years or lifetime. Lifetime
assessment theoretically offers the best approach to making CEA comparable across
disciplines. However, both CEA from models and alongside clinical trials require
assumptions about life expectancy, which may be difficult to evaluate. There will generally
be uncertainty concerning life expectancy of the control group, and if there is a difference in
survival at the end of observed clinical trial data, the survival curves could continue to move
apart, move in parallel or converge, offering varying results. The various sources of
uncertainty can be assessed to some extent by sensitivity analysis, which is generally
available in most published CEA.

There is a paucity of studies illuminating the cost-effectiveness of aspirin in the setting of
PCl, either for the ACS or non-ACS indication. However, the clinical effectiveness of aspirin
has been evaluated as a primary, as well as secondary prevention agent. The effectiveness of
aspirin in primary prevention depends upon the patient risk profile, with higher risk
population deriving most benefit. Additionally there are gender specific differences, with
aspirin appearing effective in reducing the rate of myocardial infarction in high risk men and
stroke in high risk women.1® The role of aspirin in secondary prevention is well established
in both men and women.16 However, aspirin increases the risk of gastrointestinal bleeding
and hemorrhagic stroke.1’

Several cost-effectiveness studies have been performed with aspirin (table 1). One study,
using Markov state-transition model with a base-case of 45 year old man with 10 year risk
for coronary heart disease of 7.5% demonstrated aspirin as being dominant for primary
prevention in this population.18 The study was conducted from a third-party payer
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perspective, and included only men. Duration of treatment was 10 years with a lifetime
event-horizon. Aspirin increased mean quality adjusted life years (QALY's) from 17.16 to
17.20 at a lower cost ($6090 vs. $6694). Another Markov model-based European study
examined the cost effectiveness of aspirin separately in men and women across ages and
levels of risk.19 Event rates were extrapolated from the Dutch population data and a gender-
specific meta-analysis was used to estimate clinical effectiveness of aspirin in both genders.
The ICER ranged from €34 for 65 year old men with 5 times baseline risk for cardiovascular
disease (CVD), to €141,160 for 45 year old men with twice the baseline risk. Similar risk
related variability was noted for women. The authors concluded that, using a threshold of
€20,000, aspirin in primary prevention is cost effective for men with a 10 year CVD risk of
10% and women with 10 year CVD risk of 15%. Similarly, Earnshaw et a/ showed that
treatment with aspirin for primary prevention was less costly and more effective than no
treatment in men older than 45 years of age with 10 year risk of CHD greater than 10%.20
For secondary prevention, Gaspoz et al. in a Coronary Heart Disease Policy model-based
study found that increasing the use of aspirin from current levels to all eligible patients for
25 years would have an ICER of $11,000 per QALY gained.2

The majority of patients undergoing PCI have a significant burden of coronary disease, and
in many cases the PCI is performed as treatment of an index or recurrent myocardial
infarction. Therefore, these patients fall into either the secondary prevention category, or are
in the high-risk primary prevention group of patients. Indeed, in a recently published
observational comparative effectiveness study of coronary revascularization strategies, the 4
year unadjusted mortality in the PCI cohort was 20.9%.22 Thus, despite the absence of direct
evidence, it is probably reasonable to extrapolate the results of the primary and secondary
prevention cost-effectiveness analyses of aspirin to patients undergoing PCI.

ADP P2Y12 Receptor Inhibitors

Clopidogrel

The addition of P2Y12 inhibitors to aspirin has been shown to be beneficial in patients
undergoing PCI and has formed the basis of DAPT.23 Until recently, thienopyridines
clopidogrel and ticlopidine have been the two agents available for this purpose, with
clopidogrel used predominantly due to hematological adverse reactions associated with the
use of ticlopidine.2 In 2010 prasugrel became available for patients with ACS undergoing
PCI, followed more recently by approval of non-thienopyridine ticagrelor for the same
indication.”- 8 Of the four currently available P2Y12 inhibitors, clopidogrel has been the
most extensively studied clinically, as well as from the cost-effectiveness perspective.

Several trials evaluated the benefits of clopidogrel in varied clinical settings, most involving
high-risk patient populations or patients presenting with ACS: CAPRIE,?®> CURE,8
CREDO,?6 CLARITY TIMI-28,%” CHARISMA,28 COMMIT.?° These trials inform clinical
decisions in patients with coronary artery disease in the acute setting as well as for
secondary prevention. However, some but not all of these trials included and separately
evaluated patients undergoing PCI. Economic considerations of clopidogrel as a secondary
prevention agent have been reviewed previously.39: 31
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The CURE trial showed beneficial effects of DAPT with aspirin plus clopidogrel compared
to aspirin alone in the setting ACS without ST elevation when initiated at the time of the
index event and continued for an average duration of up to 1 year.6 The trial’s primary
outcome - a composite of death from cardiovascular causes, nonfatal myocardial infarction,
or stroke occurred in 9.3% of the patients in the clopidogrel group and 11.4% of the patients
in the placebo group (relative risk with clopidogrel as compared with placebo, 0.80; 95% CI
0.72 to 0.90; P<0.001).8 Additionally, PCI-CURE evaluated the effectiveness and cost-
effectiveness of clopidogrel plus aspirin versus aspirin alone in 2658 patients with non-ST-
elevation acute coronary syndrome undergoing PCI in the CURE trail.32 Rates of the
composite primary endpoint were 4.5% and 6.4% for the clopidogrel and placebo groups,
respectively (relative risk 0.70; 95% CI 0.50-0.97, p=0.03). Multiple authors have used
based CEA on CURE and PCI-CURE. (Table 1). 33-42

In all studies in Table 1 based on CURE and PCI CURE, DAPT with aspirin and clopidogrel
compared to aspirin alone was found to be well within the commonly quoted threshold for
cost effectiveness (<$50,000). However, while studies based on the CURE trial elucidate the
economic implications of DAPT in the setting of ACS, only the two studies based on PCI
CURE trial are specifically relevant to the patient population undergoing PCI in this setting.
Furthermore, because CURE and PCI-CURE included only patients with ACS without ST
elevation, cost effectiveness analyses based on these trials are not directly relevant to the PCI
population in other clinical settings, i.e. ST elevation Ml and stable coronary disease on
DAPT.

Clinical benefit of adding clopidogrel to the background of fibrinolysis and aspirin in
patients with STEMI was demonstrated in the CLARITY TIMI 28 trial.2” In this trial 3491
patients within 12 hours of onset of STEMI were randomly assigned to clopidogrel or
placebo in addition to fibrinolytic agent and aspirin. The primary efficacy end point was a
composite of an occluded infarct-related artery on angiography or death or recurrent
myocardial infarction before angiography. Primary end-point was reached in 21.7% in the
placebo arm and 15.0 percent in the clopidogrel arm, representing a 6.7% absolute and 36%
relative risk reduction (95% Cl, 24 to 47%; P<0.001).2” A planned prospective analysis of
patients who underwent PCI was reported in the PCI-CLARITY study.3 During the 30 day
study period, the incidence of cardiovascular death, MI, or stroke was decreased in the
clopidogrel arm compared to placebo (70 [7.5%] versus 112 [12.0%]; adjusted OR, 0.59
[95% CI, 0.43-0.81]; P=.001). The number needed to treat was 23. However, patients
undergoing PCI received prior fibrinolysis, and PCI was performed with a delay of 2 to 8
days after the index event, which is not representative of current practice. Gibler et al.
evaluated the cost-effectiveness of DAPT in the setting of STEMI treated with fibrinolysis in
CLARITY TIMI 28, and found clopidogrel therapy to be dominant in 35% of bootstrap
simulations and cost less than $50,000 per life year gained in 67% of simulations (Table
1).44 However, no analysis is available for the PCI-CLARITY study specifically, and
therefore Gibler’s study only tangentially elucidates the cost-effectiveness of clopidogrel for
PCI in this setting.

Similarly, the COMMIT trial demonstrated efficacy of DAPT with aspirin and clopidogrel in
treatment of STEMI.2° Among 45,852 patients who were randomized, addition of
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clopidogrel decreased the combined primary end-point of death, reinfarction or stroke to
9.2% from 10.1% in the placebo arm (p=0.002). A significant reduction of rates of death
from 8.1% to 7.5% (p=0.03) was also noted, representing a 7% relative risk reduction. Cost-
effectiveness analysis by Berg et al. based on the CLARITY and COMMIT trials found that
1 year of DAPT was a dominant strategy in Sweden and France with cost savings of €111
and €367, respectively for patients similar to the CLARITY population.*® (table 1) In
Germany, the ICER for clopidogrel was €92 per life year gained. For patients with the
profile and event rates similar to those in the COMMIT study, the incremental cost of
treatment with clopidogrel was €538 in Sweden, €798 in Germany, and €545 in France, with
ICERS €2772, €4144, and €2786 per life year gained, respectively. The authors concluded
the treatment to be cost-effective in the setting of STEMI. Zhang et a/ evaluated the short
and long term cost-effectiveness of clopidogrel plus aspirin versus aspirin alone in medically
managed STEMI patients. Short term findings using patient level trial data from COMMIT,
clopidogrel is a dominate strategy. The lifetime ICER, extrapolating results from CURE, for
clopidogrel was $7806/LY G.*6 However, the COMMIT trial did not have a significant
population of patients undergoing PCI, and therefore these findings are only marginal at best
in informing us about the cost effectiveness of clopidogrel in the setting of PCI for STEMI
indication.

As discussed above, another major indication for PCI is stable angina despite guideline-
directed medical therapy. In this stable setting, PCI is an elective procedure. The benefits of
DAPT with addition of P2Y12 inhibitors ticlopidine or clopidogrel to aspirin in this group of
patients are well documented.4’- 48 The CREDO trial established the currently recommended
regimen of long-term treatment with aspirin and clopidogrel combination for 12 months
after elective PCI.26 The trial demonstrated a 26.9% relative reduction in ischemic events at
one year (95%Cl 3.9-44.4%, p=0.02).

Subsequently, several cost-effectiveness analyses were published based on the CREDO data.
Beinart et at. evaluated long-term cost-effectiveness of DAPT compared to aspirin for 1
year.*® The Framingham Heart Study and the Saskatchewan Health database were used to
derive estimates of lost life expectancy due to in-trial events, and in-trial estimates of event
rates and costs were used. Using Framingham-based estimates, not including costs beyond
the trial period, the ICERs ranged from $3,684 to $4,353. Using Saskatchewan-based
estimates, ICERs ranged from $2,929 to $3,460. Over 97% and 98% of the bootstrap
estimates were below $50,000 per LYG, respectively. The authors concluded the treatment
was highly cost effective. In another analysis, Cowper et a/. evaluated the effects of
prolonging clopidogrel treatment from 1 month to 1 year.5% Event rate was based on patients
who underwent PCI at Duke Medical Center, with the effect of extended treatment based on
the CREDO trial data. For the total sample, the ICER was $15,696/LYG, ranging from
$10,333/LYG in high-risk patients to $26, 568/LYG in low-risk patients. In a Swedish
analysis, Ringborg et a/. found ICER to be €3,022/LYG, and concluded that the three cost-
effectiveness analyses indicate that long term treatment with 1 year of clopidogrel after
elective PCI is a cost-effective strategy.>!

Based on a meta-analysis of combining all 3 PCI related trials of DAPT (PCI-CLARITY,
PCI-CURE and CREDOQO trials), Berg et al. performed a Markov model-based cost-
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effectiveness analysis.>? The ICER range for Sweden, Germany and France ranged from
€4,225 to €7,871 for treatment duration of 1 year. The authors concluded that this treatment
strategy is cost-effective in a wide range of treatment groups.

Prasugrel is a thienopyridine P2Y12 ADP receptor blocker. Although a pro-drug like
clopidogrel, it requires fewer steps for conversion to active form and is a more potent
receptor blocker than clopidogrel.>3 In TRITON TIMI-38, prasugrel in combination with
aspirin was shown to significantly reduce rates of ischemic events in patients undergoing
PCI for ACS when compared to the combination of aspirin plus clopidogrel.”: 53 For ACS
patients, the hazard ratio of primary end point of death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke was 0.81 (95%Cl, 0.73 to 0.90; P<0.001) for
prasugrel vs. clopidogrel. Prasugrel was noted to decrease rates of MI from 9.7% to 7.4%
(p=0.001) and stent thrombosis from 2.1% to 1.1% (p=0.001) compared with clopidogrel,
albeit at the expense of increased bleeding rates.

Two published reports evaluated the cost-effectiveness of prasugrel in the setting of PCI
based on TRITON TIMI 38. In the first study, which used the Saskatchewan Health
Database for life expectancy estimates beyond the 14.7 months of trial follow up, and
patient-level outcomes from the trial to derive clinical effect, treatment with prasugrel
compared to clopidogrel was projected to decrease cost by $221 and to increase life
expectancy by 0.102 years, rendering it an economically dominant strategy.>* By bootstrap
analysis prasugrel was confirmed as the dominant treatment 79.7% of the time, while a cost-
effective ICER of <$50,000 was noted in 99.8% of repetitions. Prasugrel remained a
dominant therapy despite widely varying assumptions during sensitivity analyses.
Furthermore, prasugrel remained economically attractive compared to hypothetical generic
clopidogrel at a presumed cost of $1 per day, which yielded an ICER of $9,727. The ICER
for prasugrel crossed $50,000 when the price difference with clopidogrel reached $7.67.

The second report evaluated cost effectiveness of prasugrel compared to clopidogrel from
the US managed care organization perspective.%® In this disease-progression model-based
study the current daily costs of $6.08 for clopidogrel and $6.07 for prasugrel were used. Due
to proximity of availability of generic clopidogrel, price difference of $3-$4 was evaluated
in sensitivity analyses. Even at the $3 cost difference cost savings of $175 per 100 patients
were noted with prasugrel. However, at a threshold of $4 cost difference, prasugrel became
the more expensive therapy. Nonetheless, even at that price differential, the cost per life year
gained was $13,906. The above analyses suggest that prasugrel may be a cost-effective
alternative to clopidogrel as part of DAPT in patients undergoing PCI for ACS.

Ticagrelor is an oral non-thienopyridine inhibitor of P2Y12 ADP receptor. It provides more
rapid and efficacious platelet inhibition than clopidogrel.® In the PLATO trial, carried out in
the setting of ACS, ticagrelor was shown to reduce the composite primary end-point of death
from vascular causes, Ml or stroke from 11.7% to 9.8% when compared with clopidogrel
(HR, 0.84; 95% ClI, 0.77 to 0.92; P<0.001).8 Moreover, ticagrelor reduced the risk of death
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from vascular cause from 5.1% to 4.0% (p=0.001), corresponding to an absolute risk
reduction of 1.1%. This was achieved with no significant difference in rate of major
bleeding, albeit with an increase in non-CABG related bleeding from 3.8% with clopidogrel
to 4.5% (p=0.03). Ticagrelor is now approved for use in patients with ACS undergoing PCI.

The cost-effectiveness of ticagrelor based on data from the PLATO study was published by
Nikolic et a/>” Over a lifetime, the ICER was €2753/QALY gained. A 2011 evaluation of
ticagrelor by the National Institute of Health and Clinical Excellence (NICE) of the British
National Health Service, the committee noted that all ICERs for ticagrelor were below
£5,400 in the manufacturer’s submission, but that due to some inherent flaws in the model
used for the calculation, more plausible ICERs were £7897?QALY gained for all ACS,
£8872/QALY gained for STEMI, £7215/QALY gained for NSTEMI and £9131/QALY
gained for unstable angina based on their Evidence Review Group’s sensitivity analyses.>®
Ticagrelor, therefore, gained NICE approval and was deemed cost-effective. Thus, it appears
that although robust peer-reviewed evidence is still lacking for ticagrelor, it is likely to be a
cost effective approach to treatment for patients undergoing PCI in the setting of acute
coronary syndrome.

GP lIb/llla inhibitors

GP IIb/1l1a inhibitors interfere with the final common pathway in platelet aggregation. There
are three agents currently available in the U.S. Abciximab is a monoclonal chimeric
antibody that binds the GP Ilb/I1la receptor non-competitively but irreversibly, while small-
molecule agents eptifibatide and tirofiban are competitive GP 11b/Illa inhibitors with
reversible binding. The biologic half-life of abciximab is approximately 12 to 24 hours,
while eptifibatide and tirofiban show recovery of platelet aggregation after 4 hours.* As
previously discussed, these agents have shown efficacy in the setting of PCI for stable CAD
and ACS, but most pivotal trials evaluating their clinical effectiveness were carried out in the
era before routine stenting during PCI and routine DAPT, and with heparin as predominant
anticoagulation therapy.>%-65 In more recent trials, addition of GP 11b/Illa inhibitors to
anticoagulation therapy (e.g. bivalirudin) on background of pretreatment with clopidogrel
showed no benefit, with possible exception of high risk ACS.10: 66-69 For example, in a 2009
meta-analysis of 16 trials of GP IIb/llla inhibitors including 10,085 patients with STEMI,
De Luca found they did not reduce 30 day mortality (2.8 vs. 2.9%, p=0.75) or reinfarction
(1.5 vs. 1.9%, p=0.22), but significantly increased major bleeding complications (4.1 vs.
2.7%, p=0.0004).70 A significant relationship between increased patient risk profile and
potential mortality benefit was observed.

The current ACC/AHA Guidelines for PCI, therefore, reflect the paucity of clearly
demonstrated benefit of GP I1b/Ill1a inhibitors in the current PCI era.2 Recommendations
vary based on the clinical setting, level of patient risk and anticoagulant used: in the setting
of STEMI administration of these agents is a class Ila indication (albeit with evidence level
C (consensus) in patients pretreated with clopidogrel); in high-risk troponin-positive non-ST
elevation ACS patients who are not adequately pretreated with clopidogrel and not treated
with bivalirudin, GP I1b/Illa inhibitors have a class | indication; in patients undergoing
elective PCI these agents have a class Ila or I1b indication without and with pretreatment
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with clopidogrel, respectively. There are no explicit recommendations for use of these agents
in patients treated with bivalirudin as an anticoagulant. However, they are used provisionally
in this setting.

Although multiple evaluations of cost effectiveness of abciximab, eptifibatide and tirofiban
have been published, these analyses are based on the older studies of clinical
effectiveness.”>~76 From the positive results of these studies, it appears that in aggregate, use
of GP lIb/Illa inhibitors in addition to heparin alone without routine background DAPT is
cost effective. However, it is unclear whether the use of these agents would be cost-effective
in the current era of PCI with routine stenting, DAPT and frequent use of bivalirudin as an
anticoagulant. For example, when comparing strategies for patients undergoing PCI with
stenting based on REPLACE 2, Cohen et a/’” and Summer et a/’® found bivalirudin with
provisional GP 11b/Il1a inhibitor to dominate heparin with routine GP 11b/I11a inhibitor.”®
Also, in the setting of STEMI, Schwenkglenks evaluated cost effectiveness of bivalirudin
with provisional use of GP I1b/llla inhibitors compared to heparin with routine GP Ilb/Illa
on background of aspirin and clopidogrel pretreatment.89 The analysis, based on results of
the HORZONS AMI trial, found that in 99.2% of simulation bivalirudin with provisional GP
I1b/I1la had ICERSs below £20,000/QALY gained. Similarly, evaluation of this strategy in
patients with non-ST elevation ACS based on results of the ACUITY trial found ICER to be
£9,906/QALY gained, with 71.2% of simulations the ICER remained under £20,000.81 The
results of these analyses suggest that use of GP l1b/Illa inhibitors as provisional agents
adjunctively with bivalirudin is a more cost-effective strategy than routine use with heparin.

Platelet Function Testing and Genetics

Clinical evaluation of still controversial strategies including on-treatment platelet reactivity
guided and genetic testing guided DAPT is currently ongoing, While there has been a
preliminary CEA of genotype driven therapy, more definitive analyses of such strategies will
need to be conducted if therapeutic benefit of platelet reactivity testing or genotype guided
DAPT is shown.82

Conclusions

Overall, the use of DAPT with aspirin and P2Y12 inhibitor in patients undergoing PCI
improves ischemic outcomes and appears to be cost-effective. Available studies suggest that
newer agents such as prasugrel and ticagrelor are cost-effective alternatives to clopidogrel in
the setting of ACS. However, no direct comparison between prasugrel and ticagrelor is
available. The use of GP Ilb/llla inhibitors is changing in the current PCI era, but they
appear cost effective as provisional agents used with bivalirudin or when used with heparin
in patients not treated with up-front DAPT. There is paucity of evidence for cost-
effectiveness of routine use GP Ilb/llla inhibitors with heparin on background of P2Y12
inhibitor loading, especially in patients undergoing PCI for stable CAD or low risk ACS.

The cost effectiveness of platelet function and genetic testing guided DAPT will need to be
evaluated if therapeutic benefit of such strategies is demonstrated. Additionally, optimal
duration of DAPT has not yet been definitively established and studies are ongoing to
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aluate regimens as short as 6 months. Should such approaches prove to be clinically
ceptable, the cost effective attractiveness of such strategies would strengthen the argument

for its implementation. In the era of acute societal awareness of the limited healthcare
resources available to treat an unlimited number of ailments, cost-effectiveness analyses

co
evi
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Key Points For Decision Makers
e Antiplatelet therapy for PCI appears cost-effective

« A critical component of cost-effectiveness analysis is choosing the most
clinically relevant comparator. By its nature, cost-effectiveness analysis offers
incremental comparison to a new therapy or service compared to a previous
standard. If an inappropriate standard is chosen, a new therapy may incorrectly
seem to offer good value.

«  With evolution of clinical practice, new studies are required to adequately
evaluate new therapies and confirm relevance of older studies

Pharmacoeconomics. Author manuscript; available in PMC 2016 April 01.



Page 16

Weintraub et al.

‘annoadsiad Jaked fieah T

SOV uf uuidsy

IATV/ETIT'S3 ¥ADI X Pajeal] ‘paseq UewIas) ([spow AOYIBIN G002 Auewian SIUBAY/-1J0URS SA uudsy + [916opido|d ElS[gle] yusBinfuabbnig
uozioy
JUBAS BWNBYI| ‘aAndadsiad [e1a100s ‘1eak SOV Ul uidsy
paureh ATv0/00%'ST$ 4301 T 10} payeal) paseq SN [SpOwW AOM BN 2002 SN VA + HIN SA ULIdsy + [160pidolD ElS[gle] oyl® 39 ZHUIBIYIS
epeue)d €/6.$ ‘syuow g uozioy
D pue ‘aduel4 98T'9T3 ‘UBPaMS TG6' /2T IMS ‘WSN U9 ‘SUyI0W @ Joy parealy ‘anndadsiad epeue) SOV Ul ulidsy
¥87'22$ ‘MN 99€'0TF :uans Arewnd Jad Y31 1121008 {SAWO0IIN0 |9As]-1UdIed 1002 ‘aouel ‘Uspams ‘sn ‘MN SIUBAY/-1J0URS SA uudsy + ja16opido|D 34N2 sele 19 AweT
‘reak SOV Ul ULISY + SY9aM
(12d Al1e3a) 9 A1/S€6$-1ueuIWwop ¥3D| T UOZIIOY U ‘Sarewunsa Aoueioadxa dn ja16opido|D sA ulidsy +
(I1re1970) O ATSLLY$-9582$ AN 9J1] ‘paseq SN ‘SAW0INO |aA3]-IUdNEd 1002 SN snuaAy-youes | eak T o1 dn Joy jaiBopidold 34N2 10d gele 18 AsuoyeN
(areWNSa UBMBYDIRYSES) D AT/SLY 9% ¥IDI $1eak T UOZII0Y JUBAS ‘Sajewsa SOV Ul ulidsy
(erewnss weybuiwel4) OAT/8TE'9$ ¥IDI Aoue)oadxe 81| ‘S8WOIN0 [9A3[-1UBIIRd 1002 SN SIUBAY-1J0UeS SA ulidsy + [a1BopidojD 34ND ¢l 18 gnesjuisp\
SOV Ul ULIASY + SY8aM ¢
(13509 19811pUI YUM) DAT/2ZT'8 3 ¥3DI UOZ1I0Y-1UdAS aWayl| ‘aAndadsiad dn [a1Bopido|d sa uldsy +
(A1uo 1500 10811p) DATIEEE'0T 3 DI 1B19190S ‘Jeak T X pajeal) {[apowl AOMJeN 002 uspams SIUBAY-IJ0URS Jeak T 01 dn o4 ja160pidolD ainjesall| + 3¥ND-10d ogle 18 uaibpur]
(susned Ansibas) 9 A1/600T 3 4301 uozpioy awin swnayl| ‘aAnosdsiad SOV Ul upidsy
(swaned Apnis) O AT/S9ET 3 ¥3DI J9Aed {1eaA T X pajeal) ‘[apow AR 0002 uapams 1joues SA ulidsy + [a1BopidojD 34ND cgle 18 uaibpur
sasAjeue wis)
wud) Buol HAT/ZET83 HADI Buoj pue Loys ‘1eaA T pareal) ‘japowl qqinbs s1AN SOV Ul unidsy
W3} 1OoYS paploAe 1uaAs Jad 06T/T3 43D AOMJRIA PUR SBWOJINO [9AS]-1UsIIed €002 ureds -|0ISUg + SHUBAY-1jouRS sA uuidsy + [a16opido|D 34ND pel€ 19 elpeg
uozuioy
SIJ U0 paseq 000°'0€3 01 000°G3 abuey 11841] ‘aAnoadsiad [e18100s SOV Ul uuidsy
paureb ATv0/000°2T3 4301 ‘1eak T 104 payeal) [|apoL AOIBIN 666T ureds 1joues SA undsy + [2160pidoD E[ple) gel® 18 Z819d-Inoje]
‘|aibopidojo
01502 8y} 0} BAINISUSS SI Y| 8y} ybnoyie
‘a1qeJoney Jou si [a16opidojo sunnoy "paureb
ATVO/000°TES SI JueIajoul unidse ul [a1bopidold uonuanaid
10} ¥321 8y "paureb ATvO/000°TTS St Susned uozioy awiy Jesk Atepuoass 104 Adesayy ou
31q1B1a |[e 03 8sn Jua.INd wouy ulidse Joj Y3218yl | Gz ‘|8poIN Ad1jod asessiq HeaH Aleuolo) 0002 sn 19THN pue OYHY SA [2460p1do|D —/+ uLidsy ainyeJa)l| paystignd 1zI® 18 Zodseo
%0T< JSU AQHD Jeak 0T Ynm sieak G uozuioy uonuanaid Arewrid
UBY} JBP|O UBW Ul JusWIeal) Ou Sajeujwop ulidsy a1} SWIIBH] ‘UsW Ul [9POW AOYIBIN 6002 sn DN pue Jakeg 1oy upidse ou sA unidsy ainyeJall| paysiignd 0zI® 18 meysure3
juawdojanag
suone|ndod xsi Jaybiy ur Y321 Jamoj yum ‘ajiyod pue yaIeasay YieaH Joy uonuanaid Arewnid
SU [[eJano pue Japuah pue abe uo papuadap ¥3D| U0ZLIoY 3w} Jeak QT ‘|apow AO3JeN 5002 puejjoH uoneziuehiQ spuelIaylaN 1oy upidse ou sA unidsy ainyeJa)l| paystignd erle 18 Buinaio
uuidse uozioy uonuanaid Arewnd
ou 0} pasedwod ABajesis Jueuiwop e st uuidsy a1} SWIIBH] ‘UsW Ul [9POW AOYIBIN €002 sn 2aD pue Jakeg 1oy upidse ou sA unidsy ainyeJall| paysiignd grle 18 auoubid
E A
ale)
sbuipui4 uonduiosaqg Jean yleaH Buipun4 sioyesedwo) Apnis Joyiny
‘Sajew1)so >o.mo_tm 10J Sjel) 34N D-10d pue 34ND U0 paseq Salpnis SSausAIloays 150D
T 3lqelL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacoeconomics. Author manuscript; available in PMC 2016 April 01.



Page 17

Weintraub et al.

IINFLS 4o} |0d Arewnd
ut Jouaiyut er/all d9

Bl1-qI1 dO YIM H4N paleulliop uipniijeAlg "U0ZLIoY 3w Wi ‘|spow AOJeN | 0T0Z-6002 wopBury pauun Auedwo) saudIpain 8y L pue utseday sA uipniifealg INV-SNOZIYOH | ogl® 18 SHUS|8YUSMYDS
12d
UaAIB SI UIpNJI[eAlq Yonw MOY 0} dAIJISUSS a1 1uaBiawa-uou ut Bl1I/qIl D
Synsal 8y L “JoNgiyul eli/q1l 49 H4N ssyeulwiop H4N sA Jongiyut efi/qil do
Jonguyut ef11/q11 4 [euoisiAoid yum utpnitfealg uonenwis VN sn VN [euolsinoid yym uipnilfealg ainyessy| snjd 2-30v1d3d g,[® 19 SlBWwng
10d
eI11/911 d9 H4N 0} patedwod abiawa-uou ul ej11/q1l dO
3WOJINO [e2IUI[D Ul 8OUBIBYIP OU YIM SS3| SIS0I uozuioy awn Aep g H4N SA Jougiyut eli1/gil do
Jougyur e111/d11 d9 [euolsinoid yum uipniieAlg ‘[et) edtul]o apisbuole eyep [an] Jusiied 2002 SN VN [euolsinoid yim upnilfenlg ¢-30V1d3d 12839 Usyod
‘|a1Bopido]d 01 pasedwod JojaiBean) 1oy paureh SOV
ATVO/ESLZ 3 sem YD 3y} ‘dWinl| € IBAO uozLIoy 8L} 8u8}I| ‘|9pOW AONJBN 0102 uspams voauazensy | ur [a16opidold sa Jojaibeal L Olvd 1518 39 JNOAIN
's3914d Bnup 01 aAnISuUas SOV
s)Insal ‘sjuaiied SOV Ul Jueuiwop Si [a1Bnseld uonenWIS 6002 aled pabeuew s IRNIE! u1 ja1Bopido| sA jaibnseld aseqerep aAlensIuIWLPE/NOLIYL cgle 18 Jdodsne|
‘[a16opidojd 03 uoziioy awil swnay| SOV
pasedwo [aifnseud 10§ DAT/LZL6$ Sem HIDIdYL | ‘[ets [edtutfo apisbuole exep [3A9] Jualied 5002 sn A3 ul [a460pido| D sa [aiBnseld NOLIYL vsle 12 Asuouein
ATVO/TL8L 0 AIVD/STTy 3
10 SY3D| SJeak Juawieal) Yuow-T yim pasedwod Juawieal pabuojoud
12460p1dojo wisl-buo JurUILIOP SI BUOJe ULiIdse 0U SA |Dd Jaye |a16opidold salisifal ysipams
yum pasedwod [a16opidojd yum Juswieai-aid |Jopow AOXJBIA ‘SISA[eue-eIa|N 9002 89uRI4 ‘AuBWIBD ‘UBPaMS VN Ynum Juswieal) pabuojoid ‘ALIMVID ‘0d3dD 'F4ND-10d zle 18 Bieg
10d u1 skep
‘Adetayy Jo Jeak T snid 8z 10J [a160p1do]o SA Jeak
Buipeoy [2160p1do|2 10} D AT/2Z0E 3 Sem YD1 YL [3pOW AOMIBIN 7002 uapams SIUaAY-ljoues T snjd Bupeoy [a16opidoD 0a3dod 1le 39 BiogBury
12460p1doja Buipusixa
"OAT/969'GT$ Sem |Dd J8le Jeak auo 0} yuow 10U SA |Dd Jale Jeak
auo wouy [a16opidofo Buipualxa 1oy ¥IDI dYL uoneINWIS 0002 sn OYHY T Joy |a1B0pidojo Buipusix3g aseqerep aynd + 043y o0gladmoD
10d u1 shep
"3WNdyl| e J8A0 HATT/000S—-000E uoziioy awil swnayi| 8¢ Joy [2160p1doja sA Jesk
{321 "wJs) Woys weuiwop st Buipeo| [a16opido|d ‘[eLiy [eatul]o apisbuole erep |aAs] 1udled VN sn SIUaAY/-1J0UBS 1 snyd Buipeoy |a1bopido|D 0a3ayd gyMeuIdg
IW3LS pabeuew Ajjesipaw
9A1/908.$ S 19460p1dold Y3 awnay] |9pow awnaT "W.dl Hoys qqinbs s1AN ul uiidse + 0gade|d
"ABarelis ayeurwop e si |a1bopido]a wisl Loys [el [eaiuld apisBuofe elep |ans) Jualied 2002 sn -|01SLIg + SIUSAY/-1JoueS SA unidse + |aibopidold 1IANNOD orPueyz
90UeIH pue AUBWIBD UBPAMS Ul DAT1/98/Z pue
‘YYTv ‘2112 3 319M SO (LININOD “AuBwiIeD
UrOA1/26 3 40 ¥ID| ‘8duel pue UBpaMS IN3LS
u1 Jueujwop JeaA T 03 dn oy [3160p1dojd A LIMVY 1D ‘[9pOW AOYIRIN 5002 90ue.S ‘AuBWLIBD) ‘UBPAMS VN u1 0gade|d SA |aiBopidolD LININOD pue ALIMVD e 18 Bieg
DA1/0009% a13)1] Uole|NWIS "Ws) Loys Joj INTLS ul
> aWayIT Jueujwop si [16opidojd ws) Hoys [el} [ea1ul]d apisBuole elep [ans|-1uslied VN sn VN peo| ogade|d SA [aibopidold ALIMVID wle18 18119
9A1000'7$> H3DI :1eak T uozpioy Jusnd SOV Ul upidsy
paanald Juans Jad 000°0T$> 831 | ‘JesA T Jo) paleal) {Sawodlno |aAs|-lusiled €002 epRURD SIUBAY-1J0UeS SA uLdsy + ja16opido|D 34N 12d %® 34ND zpI€ 18 WI0Y
Wwi91sAs
aed
sbuipui4 uonduosaqg Jean yleaH Buipun4 sioyesedwo) Apnis Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacoeconomics. Author manuscript; available in PMC 2016 April 01.



Page 18

Weintraub et al.

unreday

PaIRUONIBIIUN {HAN ‘UOIDIRIUI [RIPJRI0AW UOIRASIS 1S :IINTLS “1eak a1 parsnipe Aljenb :ATvO ‘UonusAlaiul A1euolod snoaueinaiad :[Dd ‘Seoualos [BIIP3IA [2JaUS9) JO a1nIsU| [euoiieN ‘SINSIN ‘Buiby Jo smninsu| feuoneN :WIN ‘8Insu| poolg pue BunT 1esH [euonen

JI9THN ‘@INIsu| JaouBD [euoleN ([DN ‘B|qe|IeAR 10U (/N ‘paured Jeak sy i AT ‘O1Bl SS3USAIID8YE IS0 [BIUBWRIUI *HT D ‘UONUBA3IG PUR |01U0D 8Se8sI 104 SIBIUBD :DAD ‘ANIEnd) pue yoessay YieaH Joj Aousby :DYHY ‘BWOoIpUAS A1euo10d 8INJe :SOV :SUOIEBIABIGYY

1012162011 JO 9011d BU) O] BAIISUSS SEM
pue ‘pauteB ATvO/6G0'0TS SeM JUaWILa] USALIP

SOV laye
uonuanald A1epuoass 1o}
Adesay] 19191R1dNUY UBALIQ

-adAjouab 03 pasedwod Jojaibedn 1oy Y3D1 ayL uozioy awil Jeak G ‘|apow AOMJeIN 6002 sn SINOIN pue VIN -adA10ua9) sA Jojaibear | aseqelep swiejd snid 01v1d 2zgle 19 UIdsald
SOV IIN31S-uou
10 JuawabeuBW BAISBAUI
paured ATv/906'6F Sem Jougiyut Jo} Jonqryut eqli/grl d9o
Bl1-q11 dD Yum H4N SA ulpniijealg 4o} 4321 8yL "UOZ1I0Y BWIY BWIIBH] ‘|apow AOXJIBIN 800¢ wopbury| payun Auedwo) saudIpaiNl 8y L pue utreday sA uipniifealg 13Se1eP MN JOVHO PUB ALINDV | 18lE 13 SHUS[SHUSMUYIS
Wwi91sAs
aled
sbuipui4 uonduosaqg Jean yleaH Buipun4 sioyesedwo) Apnis Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pharmacoeconomics. Author manuscript; available in PMC 2016 April 01.



