
Vol.:(0123456789)

American Journal of Cardiovascular Drugs (2022) 22:93–104 
https://doi.org/10.1007/s40256-021-00491-9

ORIGINAL RESEARCH ARTICLE

Cost‑Consequence Analysis of Using Cangrelor in High Angiographic 
Risk Percutaneous Coronary Intervention Patients: A US Hospital 
Perspective

Ivar S. Jensen1  · Elizabeth Wu1 · Philip L. Cyr1,2 · Marc Claussen3 · Thomas Winkler3 · Khalid Salahuddin3 · 
Jayne Prats4 · Kenneth W. Mahaffey5 · Charles Michael Gibson6 · Philippe Gabriel Steg7 · Gregg W. Stone8 · 
Deepak L. Bhatt9

Accepted: 7 July 2021 / Published online: 31 July 2021 
© The Author(s) 2021

Abstract
Objectives The objective of this study was to evaluate a US hospital’s cost implications and outcomes of cangrelor use 
in percutaneous coronary intervention (PCI) patients with two or more angiographic high-risk features (HRFs), including 
avoidance of oral  P2Y12 inhibitor pretreatment in patients requiring cardiac surgery. Intravenous cangrelor provides direct, 
immediate onset and rapid-offset  P2Y12 inhibition, which may reduce the necessity for oral  P2Y12 pretreatment.
Methods A decision analytic model was developed, estimating the annual impact over 3 years of cangrelor availability. 
Ischemic and bleeding events (48 h) from randomized clinical trial data were extrapolated to 30 days. Event costs were from 
the CHAMPION PHOENIX Economics substudy. Rates of coronary artery disease (CAD) presentation, PCI, oral  P2Y12 
pretreatment, and inpatient hospitalization costs were from published literature and clinical experts. Scenario analyses evalu-
ated the impact of cangrelor availability on potential reduced  P2Y12 pretreatment rates by 50–100%. Drug costs were 2019 
wholesale acquisition costs and, where necessary, all costs were adjusted to 2019 dollars.
Results In a hospital treating 1000 CAD PCI inpatients annually, increasing cangrelor use from 11 to 32% resulted in a reduction 
in 48-h ischemic events/year by 5.7%, while bleeding events increased by 2.9%. Total costs of $1,135,472 declined 12.8%, with a 
50% reduction in  P2Y12 pretreatment or 30% with no pretreatment. Savings were driven by a decrease in ischemic events, decrease 
in glycoprotein IIb/IIIa inhibitor use, and less need for and shorter oral  P2Y12 inhibitor washout period for surgery patients.
Conclusion Use of cangrelor in patients with two or more angiographic HRFs may improve outcomes and lower hospital 
budgets, mainly from avoiding surgery delays necessitated by oral  P2Y12 inhibitor pretreatment.
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Key Points 

In patients with two or more angiographic high-risk fea-
tures undergoing coronary revascularization, intravenous 
cangrelor provides potential cost savings at the hospital 
level by reducing periprocedural ischemic events while 
lowering the costs from delays in coronary artery bypass 
graft due to oral  P2Y12 inhibitor pretreatment.

Given these findings, as well as the lack of randomized 
data supporting  P2Y12 inhibitor pretreatment in patients 
undergoing percutaneous coronary intervention (PCI), 
consideration should be given to the use of cangrelor dur-
ing PCI in patients with high clinical or angiographic risk.
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1 Introduction

Clinical guidelines recommend combining anticoagulants 
with aspirin plus an oral  P2Y12 inhibitor with or without gly-
coprotein IIb/IIIa inhibitors (GPI) during percutaneous coro-
nary intervention (PCI) to reduce periprocedural ischemic 
events [1, 2]. However, oral  P2Y12 inhibitors may exhibit 
slow onset of platelet inhibition and low response rates, 
especially among patients with acute coronary syndrome 
and ST-segment elevation myocardial infarction (STEMI) 
[3–5]. Delayed response may be due to high baseline platelet 
reactivity, reduced bioavailability of oral agents in STEMI 
patients, and delayed metabolism of thienopyridines into 
their active metabolites [5]. These issues are exacerbated 
with use of morphine or fentanyl [6, 7], which are often 
coadministered for chest pain and anxiety [3–5]. Conse-
quently, prescribing information for oral  P2Y12 inhibitors 
includes this risk of delayed and decreased absorption with 
concomitant opioid administration [8–10]. Recent guidance 
recommends against routine  P2Y12 pretreatment of NSTEMI 
patients until the coronary anatomy is known. [1]. Patients 
may also have risk associated with lesion complexity, further 
underscoring the need for potent and prompt platelet inhibi-
tion. Immediate  P2Y12 inhibition is important [3] but may 
not be achievable given mean PCI durations of < 20 min and 
rapid door-to-first-device times in STEMI [11].

Cangrelor, a novel, intravenous platelet  P2Y12 receptor 
inhibitor, provides direct, immediate onset and rapid-offset 
 P2Y12 inhibition for PCI. The safety and efficacy of cangre-
lor was evaluated in three trials: CHAMPION PHOENIX, 
CHAMPION PCI, and CHAMPION PLATFORM [11–13]. 
The significant reduction in ischemic events (major adverse 
cardiovascular event [MACE]: death, myocardial infarc-
tion (MI), ischemia-driven revascularization [IDR], or stent 
thrombosis [ST]) at 48 h versus clopidogrel in CHAMPION 
PHOENIX led to the approval of cangrelor. A pooled analy-
sis of the CHAMPION trials confirmed that cangrelor was 
effective in reducing MACE [14]. Despite its demonstrated 
efficacy in an all-comers PCI population in CHAMPION 
PHOENIX, which was consistent in the US and non-US 
subgroups [15] and is included in recent clinical guidelines 
[1, 16, 17], in practice cangrelor may be restricted to subsets 
of PCI patients, such as those with high acuity presentation 
(STEMI, NSTEMI) and those who are unable to take oral 
antiplatelets. This limited use of cangrelor stems in part from 
its perceived impact on hospital budgets due to its acquisi-
tion cost compared with oral  P2Y12 inhibitors.

An analysis from CHAMPION PHOENIX showed 
that angiographic high-risk features (HRFs) are a pow-
erful predictor of 48-h MACE [18]. Angiographic HRFs 
include long lesions (> 20 mm), bifurcation (diameter of 
stenosis ≥ 50%), eccentric anatomy, tortuous (moderate/

severe), angulated (moderate/severe), calcified (moderate/
severe), left main (diameter of stenosis ≥ 50%), thrombotic 
lesions, or multi-lesion PCI [18]. Notably, a majority (56%) 
of patients presenting with stable angina undergoing PCI 
had two or more angiographic HRFs [18]. An analysis of 
CHAMPION PHOENIX evaluating timing of 48-h MACE 
found the vast majority of events, regardless of patient 
presentation, occurred within 2 h following randomization 
[19–21]. Thus, utilizing a potent, rapid-acting  P2Y12 inhibi-
tor during and immediately after PCI to reduce the risk 
of periprocedural ischemic events seems warranted [22]. 
Given cangrelor’s immediate (< 2 min) onset of action and 
its rapid (1 h post-discontinuation) offset, hospitals could 
decrease costs with cangrelor use by reducing the propor-
tion of inpatients pretreated with oral  P2Y12 inhibitors and 
thus potentially avoid prolonged hospitalization in patients 
who require delays to coronary artery bypass graft (CABG) 
surgery to allow for oral  P2Y12 inhibitor washout.

The objective of the present study was to model the cost 
implications and outcomes from the perspective of a US 
hospital of using cangrelor in PCI patients with increasing 
numbers of angiographic HRFs, including the economic 
benefit of reducing oral  P2Y12 inhibitor pretreatment and the 
subsequent delay to CABG in patients requiring surgery. The 
model was developed using Microsoft Excel 2016 software 
(Microsoft Corporation, Redmond, WA, USA).

2  Materials and Methods

A decision analytic model was developed using Microsoft 
Excel (Fig. 1) to estimate annual costs and outcomes of treat-
ing an increasing number of angiographic HRF PCI patients 
with cangrelor and direct economic benefit from reduction 
in MACE, as well as the indirect economic benefit of reduc-
ing pretreatment with oral  P2Y12 inhibitors, per the 2020 
European Society of Cardiology (ESC) guidelines [1, 2]. 
The model adopted a 3-year time horizon, from the perspec-
tive of a US hospital, for coronary artery disease (CAD) 
patients requiring PCI or going directly to CABG. PCI 
patients were further stratified into four subgroups: those 
with none, one, two, or three or more angiographic HRFs. 
Since the angiographic HRFs are not known until after the 
angiogram, these levels were considered a reasonable proxy 
to represent the level of clinical risk in a patient about to 
undergo PCI. A similar proportion of patients across HRF 
subgroups were presumed to be pretreated before PCI with 
oral  P2Y12 inhibitors. Periprocedural antiplatelet options 
were either cangrelor alone or clopidogrel with or with-
out planned GPI (designated GPI use before PCI). It was 
assumed that a proportion of CABG patients pretreated 
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with an oral  P2Y12 inhibitor would also need antiplatelet or 
anticoagulant bridging therapy during the  P2Y12 inhibitor 
washout period before surgery. We estimated outcomes and 
costs during the index admissions through 30 days for an 
annual population of CAD patients. Ethics approval was not 
required for this study since the analysis uses only published 
data from clinical trials.

3  Model Inputs

3.1  Target Population

Based on data from the Premier Hospital Database of inpa-
tient charges, the proportion of CAD patients by diagnosis 
was 6%, 17%, and 77% for STEMI-ACS, NSTEMI/UA-ACS, 
and stable angina, respectively (Online Resource Table 1). 
Following angiography, 57% of patients had PCI and 5% 
went directly to CABG surgery. Of the patients designated 
for PCI, 99.8% received PCI and 0.2% received CABG sur-
gery due to a complication during PCI [23]. In CHAMPION 
PHOENIX, among PCI patients, 17%, 32%, 27%, and 25% 
had none, one, two, or three or more angiographic HRFs, 
respectively. According to the literature, 33% of these 
patients received an oral  P2Y12 inhibitor before PCI [24]. 
Due to its rapid onset of action, having cangrelor available 
could reduce the need to pretreat CAD patients. We simu-
lated two scenarios where oral  P2Y12 inhibitor pretreatment 
was reduced by 50% and 100%, respectively.

3.2  Utilization

Assumptions for base case and scenario analyses on the uti-
lization of antiplatelet agents, illustrated in Table 1, were 
informed by clinical experts from the CHAMPION Execu-
tive Committee. We assumed low-risk patients (e.g. those 
with fewer than one angiographic HRF) were only treated 
with clopidogrel ± planned GPI, and high-risk patients 
(e.g. those with two or more angiographic HRFs) might be 
administered cangrelor. This model assumed an increasing 
proportion of high-risk patients received cangrelor over 
3 years.

3.3  Ischemic Outcomes

Forty-eight-hour MACE rates by the subgroups of angio-
graphic HRFs for cangrelor and clopidogrel patients were 
estimated from the literature [18]. According to Vadugana-
than et al., the relative increase in 48-h ischemic events for 
patients treated with clopidogrel + planned GPI, compared 
with those treated with cangrelor, was 26.9% [25]. With 
this assumption, 48-h MACE for clopidogrel + planned 
GPI patients were extrapolated within each subgroup by 
applying the 26.9% increase relative to the rate for can-
grelor patients. The stratification of 48-h MACE rates 
into individual MACE events for cangrelor, clopidogrel, 
and clopidogrel + planned GPI patients was based on an 
analysis by Cavender et al. [19–21]. The proportions were 
then multiplied by the 48-h MACE rates to obtain the indi-
vidual ischemic events within subgroups and by treatment.
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Fig. 1  Decision analytic model structure. CABG coronary artery 
bypass graft, CHD coronary heart disease, GPI glycoprotein IIb/IIIa 
inhibitors, NSTEMI non-ST segment elevation myocardial infarction, 

PCI percutaneous coronary intervention, SA stable angina, STEMI ST 
segment elevation myocardial infarction, UA unstable angina
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Based on the CHAMPION trials, increases in MACE of 
approximately 37% and 26% were observed from 48-h until 
30 days among cangrelor- and clopidogrel-treated patients, 
respectively. The percentage increase for each treatment was 
then applied to the individual 48-h event rates estimated 
earlier to extrapolate the individual 30-day event rates. The 
individual 30-day ischemic event rates for clopidogrel + 
planned GPI patients were extrapolated relative to the can-
grelor rates by the same approach. Table 2 illustrates both 
the 48-h and 30-day outcomes for death, MI, IDR, and ST 
events across angiographic HRF subgroups.

3.4  Bleeding Events

The 48-h combined (cangrelor alone and clopidogrel ± 
planned GPI) bleeding rates by angiographic HRFs from 
the CHAMPION PHOENIX trial were taken from the study 
by Stone et al. [18]. Events for two bleeding scales were 
reported: severe/moderate Global Strategies for Opening 
Occluded Coronary Arteries (GUSTO) and major/minor 
Thrombolysis in Myocardial Infarction (TIMI). The GUSTO 
bleeding definition uses clinical acuity and impact to cat-
egorize patients into severe or life-threatening, moderate, 
or mild categories, whereas the TIMI bleeding definition 

is based on laboratory values of hematocrit or hemoglobin 
after adjusting for blood transfusions to categorize bleed-
ing severity as major, minor, or minimal [26]. Based on the 
relative ratio of bleeding rates reported in a pooled analysis 
of the CHAMPION trials (cangrelor versus clopidogrel) and 
in a propensity-matched analysis of cangrelor versus clopi-
dogrel + planned GPI, the rates for each angiographic HRF 
subgroup were estimated by antiplatelet treatment (i.e. can-
grelor alone, clopidogrel alone, and clopidogrel + planned 
GPI) [14, 25].

The MATRIX trial used heparin as an anticoagulant 
and demonstrated an increase of approximately 90% in 
Bleeding Academic Research Consortium (BARC 3 and 
5) bleeding from day 2 (0.7%) to day 30 (1.33%) post PCI 
[26]. In CHAMPION PHOENIX, heparin was used as the 
predominant anticoagulant and therefore it was assumed 
that the same extent of increase could be used as a proxy 
for both GUSTO moderate/severe and TIMI major/minor 
bleeding. Therefore, the 90% increase was applied to the 
48-h GUSTO and TIMI bleeding rates to estimate the cor-
responding 30-day bleeding rates. Table 2 illustrates both 
the 48-h and 30-day outcomes for death, MI, IDR, ST, 
and bleeding events across angiographic HRF subgroups.

Table 1  Utilization share

GPI glycoprotein IIb/IIIa inhibitors, HRFs high-risk features
a Assumptions were informed by clinical expert opinion

Risk factor groups Current utilization (%) Year 1 (%) Year 2 (%) Year 3 (%)

0 Angiographic high-risk factorsa

 Clopidogrel 90 90 90 90
 Clopidogrel + GPI 10 10 10 10
 Cangrelor 0 0 0 0

1 Angiographic high-risk factora

 Clopidogrel 90 90 90 90
 Clopidogrel + GPI 10 10 10 10
 Cangrelor 0 0 0 0

2 Angiographic high-risk factorsa

 Clopidogrel 80 80 60 40
 Clopidogrel + GPI 10 7 5 3
 Cangrelor 10 13 35 57

≥ 3 Angiographic high-risk factorsa

 Clopidogrel 60 50 40 30
 Clopidogrel + GPI 6 5 4 3
 Cangrelor 34 45 56 67

Total cangrelor use (calculated from the model)
 Cangrelor use in angiographic HRFs ≥2 

patients
22 28 45 62

 Overall cangrelor use 11 15 23 32
 Overall planned GPI use 9 8 7 6
 Overall clopidogrel use 80 77 70 62
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3.5  Glycoprotein IIb/IIIa Inhibitor Bailout

GPI bailout is defined as the unplanned use of a GPI after 
the procedure start. In CHAMPION PHOENIX, the rate of 
GPI bailout was significantly lower among patients treated 
with cangrelor compared with clopidogrel [11].

3.6  P2Y12 Inhibitor Washout

Regardless of presentation, inpatients requiring CABG 
(either patients going direct to surgery following angiog-
raphy, or cases during or following the index PCI proce-
dure) who have previously been treated with an oral  P2Y12 

Table 2  48-hour and 30-day ischemic and bleeding event rates

GPI glycoprotein IIb/IIIa inhibitors, GUSTO Global Use of Strategies to Open Occluded Arteries, HRFs high-risk features, IDR ischemia-driven 
revascularization, MACE major adverse cardiovascular event, MI myocardial infarction, ST stent thrombosis, TIMI thrombolysis in myocardial 
infarction

Events by no. of angio-
graphic HRFs

48 hours 30 days

Cangrelor [18] 
(%)

Clopidogrel 
[18] (%)

Clopidogrel + planned 
GPI [25] (%)

Cangrelor (%) Clopidogrel (%) Clopidogrel + 
planned GPI 
(%)

MACE
 0 1.8 3.3 2.3 2.5 4.1 3.1
 1 3.8 4.4 4.8 5.2 5.5 6.6
 2 6.0 6.9 7.6 8.2 8.7 10.4
 ≥ 3 6.4 8.7 8.1 8.8 10.9 11.1

MI [19–21]
 0 0.9 1.7 1.3 1.2 2.1 1.8
 1 1.8 2.2 2.8 2.5 2.8 3.8
 2 2.9 3.5 4.4 3.9 4.4 6.0
 ≥ 3 3.1 4.4 4.7 4.2 5.6 6.4

ST [19–21]
 0 0.2 0.5 0.3 0.3 0.6 0.4
 1 0.4 0.6 0.7 0.6 0.8 0.9
 2 0.7 1.0 1.1 0.9 1.2 1.5
 ≥ 3 0.7 1.2 1.1 1.0 1.5 1.6

IDR [19–21]
 0 0.5 0.8 0.4 0.6 1.0 0.6
 1 1.0 1.1 0.9 1.3 1.3 1.3
 2 1.5 1.7 1.4 2.1 2.1 2.0
 ≥ 3 1.6 2.1 1.5 2.2 2.6 2.1

Death [19–21]
 0 0.3 0.4 0.2 0.4 0.5 0.3
 1 0.6 0.5 0.4 0.8 0.6 0.6
 2 1.0 0.8 0.7 1.3 1.0 0.9
 ≥ 3 1.0 1.0 0.7 1.4 1.2 1.0

GUSTO severe/moderate bleeding [14, 18, 25, 26]
 0 0.11 0.08 0.21 0.21 0.16 0.40
 1 0.11 0.08 0.21 0.21 0.16 0.40
 2 0.11 0.08 0.21 0.21 0.16 0.40
 ≥ 3 0.19 0.14 0.37 0.36 0.27 0.70

TIMI major/minor bleeding [14, 18, 25, 26]
 0 0.04 0.03 0.13 0.07 0.05 0.26
 1 0.04 0.03 0.13 0.07 0.05 0.26
 2 0.04 0.03 0.13 0.07 0.05 0.26
 ≥ 3 0.06 0.04 0.20 0.11 0.07 0.38
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inhibitor may require ‘washing-out’ of the antiplatelet effect 
of these oral agents to reduce the risk of perioperative bleed-
ing. This approach is recommended in practice guidelines 
as well as the package inserts for each of the oral  P2Y12 
inhibitors (7–9). An intravenous antiplatelet and/or intra-
venous anticoagulant may be initiated during the washout 
period to avoid ischemic events. The proportion of patients 
by duration of washout for each  P2Y12 antiplatelet regimen 
was based on a Premier Database analysis of inpatient stays 
(Online Resource Table 3). In this model, it was assumed 
that clopidogrel + planned GPI has the same duration of 
washout as clopidogrel alone. In addition, as a simplifying 
assumption for washout costs, it was assumed patients taking 
an oral  P2Y12 inhibitor would be switched to an intravenous 
antiplatelet during washout [17, 27]. We assumed the GPI 
would be stopped approximately 4 h before starting CABG 
surgery.

3.7  Economic Inputs

Ischemic event costs for MI, IDR, and ST were informed 
by the CHAMPION PHOENIX substudy (Online Resource 
Table 2). Published inpatient per diem cost was applied 
to the washout time [28]. Where necessary, all costs were 
adjusted to 2019 dollars using the medical component of 
the Bureau of Labor Statistics Consumer Price Index [29].

Potential GPI options for PCI included abciximab, epti-
fibatide, and tirofiban. The mix of GPI utilization was from 
the CHAMPION PCI trial. The GPI utilization mix applied 
in the washout period was adjusted to reflect the practice 
that only eptifibatide and tirofiban are employed for bridg-
ing. Drug costs were based on dosing regimens from the 
prescribing information of each drug and 2019 wholesale 
acquisition costs [30]. Table 3 contains the economic inputs 
used in the model.

3.8  Sensitivity Analyses

A deterministic sensitivity analysis (DSA) was performed to 
systematically examine the impact of each model parameter 
on the base-case model results. Parameter estimates varied 
by ± 20%, where possible; 100% was used as the maximum 
upper range where the 20% parameter variation could not be 
applied (i.e. if a parameter estimate was 90%, it would not 
have been possible to increase that parameter estimate by 
18% [20% of 90%], as a percentage cannot exceed 100%).

4  Results

For a hypothetical hospital treating 1000 inpatient CAD 
patients, approximately 565 patients were expected to 
undergo PCI and 50 were expected to undergo CABG 

surgery each year. The remainder of patients were man-
aged medically and were thus excluded from the cost analy-
sis. Among the patients in whom PCI was planned, 99.8% 
(n = 564) received PCI, while 0.2% (1 patient) received 
CABG surgery during the index PCI admission (Online 
Resource Table 1) [23].

In the base case, oral  P2Y12 pretreatment was assumed 
to be 33% and cangrelor use was 22% in patients with two 
or more angiographic HRFs (or 11% in all PCI patients). In 
other scenarios, oral  P2Y12 pretreatment was assumed to 
be 17.5% (50% less than the base case) or 0% (no pretreat-
ment at all), and cangrelor use in patients with two or more 
angiographic HRFs increased from 28% in year 1 to 62% in 
year 3 (or 15% in year 1 to 32% in year 3 in all PCI patients, 
while planned GPI use was reduced from 9% to 6% over the 
same time (Table 1).

The total annual number of 48-h MACEs was reduced 
from the base case of 32.5 to 30.7 by year 3 in the scenario 
(Fig. 2a). This percentage reduction versus base case was 
1.1% in year 1 and 5.7% in year 3. A similar trend in reduc-
tion was seen for 30-day MACE (Fig. 2b).

Table 3  Economic inputs

GPI glycoprotein IIb/IIIa inhibitors, GUSTO Global Use of Strategies 
to Open Occluded Arteries, IDR ischemia-driven revascularization, 
MI myocardial infarction, ST stent thrombosis, TIMI thrombolysis in 
myocardial infarction, WAC  wholesale acquisition cost
a WAC cost was based on per vial, bag, or pill
b A 300 mg loading dose was used for the clopidogrel regimen
c Cost of severe/major bleeding was used to estimate bleeding treat-
ment costs
d Per diem cost was applied to washout time

Cost

Drugsa [30]
 Cangrelor (50 mg vial) $749.00
 Clopidogrel (75 mg)b $0.09
 Abciximab (10 mg/5 mL) $1348.18
 Eptifibatide (0.75 mg/mL,100 mL vials) $270.00
 Tirofiban (3.75 mg/15 mL vial) $222.56

GPI drug cost per treatment (calculated)
 Planned GPI $1287
 GPI bailout $1750
 GPI use during washout of oral  P2Y12 inhibitors (per 

24 h)
$1348

Average cost per eventc (Online Resource Table 2)
 MI $6448
 ST $40,379
 IDR $23,644
 GUSTO severe/moderate bleeding $11,778
 TIMI major/minor bleeding $14,135

Per diem costd [28, 29]
 Inpatient hospital bed (per diem) $5772
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The total annual number of GUSTO severe/moderate 
bleeding events was increased from 0.65 (48-h) and 1.23 
(30-day) in the base case to 0.67 (48-h) and 1.27 (30-day) 
by year 3 in the scenario. However, 48-h and 30-day TIMI 
major/minor bleeding events were similar for the base case 
and scenario (48-h = 0.24, 30-day = 0.45) (Fig. 2c, d). Using 
the GUSTO definition, bleeding event costs for 30-days 
remained flat (approximately $14,500–$15,000 per year, or 
< 2% of total costs) over the 3-year period.

Figure  3a, b show the total costs by category with 
reduced  P2Y12 pretreatment (and no pretreatment) and 
increased cangrelor use over the 3-year period. The annual 
costs were projected to decline from $1,135,472 in the base 
case to $990,533 ($811,823 with no pretreatment) in year 
3. With ischemic events comprising the majority of total 
costs (69.6% in the base case and 52.6% by year 3), costs 
decreased from $597,647 in the base case to $565,040 in 

year 3. A similar trend was observed in GPI bailout cost 
but at a smaller magnitude. Washout costs declined by 47%, 
from $380,752 in the base case to $199,934 ($21,224 with 
no pretreatment) in the scenario.

Total drug acquisition cost was the second-largest cost 
driver. Drug cost increased from $112,844 in the base case 
to $181,677 by year 3, representing an increase of 61%. The 
overall budget impact for years 1, 2, and 3 was −$179,947, 
−$162,883, and −$145,819, respectively, in the case of 50% 
reduced  P2Y12 pretreatment, and −$358,278, −$340,964, 
and −$323,649 for years 1–3 when no  P2Y12 pretreatment 
was simulated.

A DSA was performed by varying each point estimate by 
±20%, where possible. The DSA demonstrated the model 
was most susceptible to epidemiology assumptions, includ-
ing the proportion of patients in whom PCI was planned 
and the proportion of patients who were pretreated with oral 
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 P2Y12 inhibitors, impacting the model results by 20–50%. 
General ward costs impacted results by about 19%. All other 
parameters had a < 5% impact on model results. Figure 4 
illustrates the top 10 inputs with greatest impact on the 
budget.

5  Discussion

The present analysis is the first health economic evaluation 
developed to estimate the clinical and economic impact 
of using antiplatelet agents in PCI patients and consider-
ing subgroups of increasing angiographic risk. This model 

$113 $120 $151 $182 
$15 $15

$15
$15

$598 $590 
$577 

$565 

$33 $32 $32 $31 

$381

$202 $201 $200

 $-

 $200

 $400

 $600

 $800

 $1,000

 $1,200

Base case

(year 1-3)

Year 1 Year 2 Year 3

T
h

o
u

sa
n

d
s

Total Cost by Category

Washout Cost

GPI Bailout Cost

Ischemic Event Cost

Bleeding Event Cost

Drug Acquisition Cost

$113 $120 $151 $182 
$15 $15

$15
$15

$598 $590 
$577 

$565 

$30 $30 $29 $29 

$381

$23 $22 $21

 $-

 $200

 $400

 $600

 $800

 $1,000

 $1,200

Base case

(year 1-3)

Year 1 Year 2 Year 3

T
h

o
u

sa
n

d
s

Total Cost by Category

Washout Cost

GPI Bailout Cost

Ischemic Event Cost

Bleeding Event Cost

Drug Acquisition Cost

(Scenario: 50% reduction in pretreatment) (Scenario: 100% reduction in pretreatment)

A B

Fig. 3  Total costs and budget impact (A) Scenario: 50% reduction in pretreatment; (B) Scenario: 100% reduction in pretreatment. GPI glycopro-
tein IIb/IIIa inhibitors

80%

26%

$4,617.60

12%

41%

$599.20

38%

2.40

800

45%

100%

39%

$6,926.40

18%

61%

$898.80

58%

3.60

1200

68%

-$1,800,000 -$1,400,000 -$1,000,000 -$600,000 -$200,000

Propor�on of Planned PCI undergoes PCI

Propor�on of Pretreated Pa�ents (Base Case)

General ward cost

Propor�on of pa�ents going to Surgery on day 0

MI Propor�on of MACE (Clopi Pa�ents)

Cost (cangrelor)

MI Propor�on of MACE (Cangrelor Pa�ents)

Start of GPI for preloaded pa�ents (Days)

Number of CHD Pa�ents

Propor�on of Planned PCI Pa�ents

3-year Cumula�ve Budget Impact

Budget Impact with Low Parameter es�mate Budget Impact with High Parameter Es�mate

Fig. 4  Deterministic sensitivity analysis on the 3-year cumulative 
budget impact (top 10 most influential model parameters). The values 
on the bars represent the low and high parameter estimate used for the 
sensitivity analysis. The size of the bar indicates the calculated 3-year 
cumulative budget impact with the respective low (input reduced 

by 20%) or high (input increased by 20%) parameter estimate. The 
base 3-year cumulative budget impact is −$102,289. CHD coronary 
heart disease, Clopi clopidogrel, GPI glycoprotein IIb/IIIa inhibitors, 
MACE major adverse cardiovascular event, MI myocardial infarction, 
PCI percutaneous coronary intervention



101Economics of Using Cangrelor in PCI

suggests the budget of a hospital with a constant level of PCI 
procedures may decline by 13–30% (assuming a 50–100% 
reduction in  P2Y12 pretreatment rate) by year 3 if the utiliza-
tion of cangrelor is increased from 22% in the base case to 
62% in year 3 in PCI patients with two or more angiographic 
HRFs.

The cost savings are driven by three main benefits: (1) 
reduction in ischemic events; (2) reduction in GPI bail-
out use; and (3) reduced costs for washout of oral  P2Y12 
inhibitors due to reduced pretreatment. Cost savings from 
these benefits offset the increase in drug cost and bleeding 
costs, leading to a decrease in cumulative 3-year costs of 
$488,649 (14.3%) or $1,022,891 (30%) for the scenarios of 
50% reduced pretreatment and no pretreatment, respectively.

The CHAMPION PHOENIX angiographic core labo-
ratory analysis indicated improved clinical outcomes with 
cangrelor for all PCI patients, but greater absolute ischemic 
benefit was seen in the patients with two or more angio-
graphic HRFs; thus, this was the patient population for 
which we simulated increased use of cangrelor. This benefit 
was quantified in the model as a reduction in MACE, trans-
lating into cost savings of approximately 5.5% by year 3. 
Patients treated with cangrelor compared with clopidogrel 
also experienced lower GPI bailout rates, which led to cost 
savings in GPI bailout of about 2.6% by year 3.

Moreover, having cangrelor available for PCI may affect 
the proportion of CAD patients pretreated with an oral  P2Y12 
inhibitor. Patients receiving cangrelor would not require pre-
treatment with an oral  P2Y12 inhibitor prior to angiography 
due to the immediate onset of action of cangrelor. Should 
these patients require surgery post angiography and remain 
hospitalized, the rapid offset of cangrelor would not impact 
scheduling of surgery, and thus be expected to reduce the 
length of stay prior to surgery. The washout period [2, 8–10] 
increases the length of stay in these patients, thereby increas-
ing costs (e.g. > 50% of cangrelor patients were able to have 
surgery within 1 day post PCI) (Fig. 4). If pretreatment is 
reduced by 50% with the use of cangrelor, washout costs by 
year 3 are expected to be reduced by $180,818 (47.5%) or 
$359,529 (94%) with no pretreatment. Similar savings might 
be realized for hospitals implementing the 2020 NSTEMI 
ESC guidelines [1].

The use of cangrelor for PCI has been shown to result in 
a slightly increased incidence of non-severe bleeding com-
pared with clopidogrel, which may lead to higher bleed-
ing event costs [14]. Consistent with published sources, the 
bleeding events estimated in the model also showed a very 
slight increase in GUSTO major/moderate bleeding with 
higher utilization of cangrelor, and therefore bleeding event 
costs increased only nominally or were similar using the 
TIMI bleeding definition.

The sensitivity analysis indicated the model was most 
sensitive to the proportion of patients in whom PCI was 

planned, which is not surprising since they represent over 
90% of the patients simulated. The model is also sensitive 
to the inputs relating to the patients requiring washout, such 
as the proportion of pretreatment and general ward costs 
that a hospital might incur from pretreating CABG patients.

These results provide insights about the potential benefits 
of increasing use of cangrelor among patients with two or 
more angiographic HRFs. This study also highlights a poten-
tial need in stable angina patients. Traditionally, patients 
with stable angina are perceived to be low-risk as many of 
these patients receive elective PCI procedures and therefore 
are typically not considered to be candidates for cangrelor. 
However, as more than half of the stable angina patients 
undergoing PCI procedures have two or more angiographic 
HRFs and are typically managed as outpatients, there may 
be opportunity for improvement in periprocedural ischemic 
outcomes, reduction in need for GPI bailout, and shorter 
duration of washout in this population [18]. Reduction in the 
need for GPI, whether routine or bailout, may also reduce 
bleeding, thereby further reducing the cost of acute care 
[31].

The model has a number of limitations. First, due to the 
short duration of cangrelor use periprocedurally, cangrelor 
affects outcomes predominantly in the first 48 hs, whereas 
the events occurring after the first 48 h may be attributable 
to the oral  P2Y12 inhibitor prescribed for secondary preven-
tion of cardiovascular events. However, the early reduction 
in ischemic events associated with cangrelor use is preserved 
out to 30 days [14]. In the model, the 48-h clinical outcomes 
were extrapolated to 30 days as 30-day outcomes are com-
monly used as quality metrics [32]. The model quantifies the 
hospitalization costs of washout and bridging, but ignores 
any harms associated with antiplatelet therapy during wash-
out. However, this simplifying assumption is expected to 
lead to an underestimate of the total savings in the scenario 
with lower use of oral  P2Y12 pretreatment. This model 
exclusively evaluated cangrelor and clopidogrel ± planned 
GPI use. In contemporary practice, prasugrel or ticagrelor 
are often used in ACS, but these agents were excluded from 
the analysis because they have not been extensively studied 
in the periprocedural setting (i.e. with 48-h endpoints). Nev-
ertheless, the impact of using the newer oral  P2Y12 inhibi-
tors on results of this model should be minimal as the effect 
of cangrelor is observed within the first few hours [33]. The 
added cost of these agents during the 30-day period in this 
model would also be minimal, and events after the 48-h 
period would be attributable to the oral  P2Y12 agent pre-
scribed, which, in this study, is consistent across all patients. 
Moreover, the washout duration required with these agents 
is similar or longer than with clopidogrel.

The model also only quantified the cost consequences 
for CAD patients planned for PCI procedures and patients 
managed directly with CABG surgery, and excluded patients 
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managed medically. Excluding these patients may have 
underestimated CAD events occurring during the model 
time horizon. Finally, several methodological assumptions 
were made to simplify model calculations used in lieu of 
available clinical trial or real-world data. Sensitivity analy-
ses assessed the top 20 parameters and indicated that some 
of these assumptions are more impactful to the model results 
than others. Therefore, the exact impact of these inputs and 
assumptions is not certain, and further studies are needed to 
validate the results of this analysis.

6  Conclusion

The model presented in this study was used to study the cost 
consequences of using cangrelor in PCI patients with two or 
more angiographic HRFs and avoidance of  P2Y12 inhibitor 
pretreatment in patients managed in hospital with CABG 
surgery. This analysis suggests having cangrelor available 
for use in PCI patients with two or more angiographic HRFs 
may be associated with improved clinical outcomes while 
providing potential savings to the hospital from fewer CAD 
events and minimizing  P2Y12 inhibitor washout costs by 
decreasing pretreatment rates.
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