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Abstract
Objective—To assess the clinical eVectiveness and cost eVectiveness of abciximab in
preventing restenosis after percutaneous
transluminal
coronary
angioplasty
(PTCA).
Design—Data from a previous study, the
EPIC trial, were used because only this
trial was able to provide event data
capable of constructing a cost eVectiveness analysis over six months. All other
study data reviewed supported the findings of the EPIC trial. To provide indicative results on long term health outcomes,
survival and event-free survival were
extrapolated using US epidemiological
data in a Markov modelling process.
Setting and patients—Patients who were
at high risk for ischaemic complications
after PTCA, treated in the standard
manner.
Interventions—Abciximab was added to
the regimen of intravenous heparin and
aspirin.
Results—The EPIC study (n = 2099) indicated an 8.1% absolute reduction in
serious cardiovascular events (95% confidence interval 3.1% to 12.7%) and a 23%
relative risk reduction (p = 0.001). Based
on the six month trial period, the additional cost per patient free from a serious
event (Australian dollars) is $13 012 and
for a special risk/benefit measure of
outcome, the additional cost is $14 243.
Epidemiological data support extended
survival and ischaemic event-free survival
with clinically successful PTCA. The results of the modelled analysis indicate a
cost per additional life-year gained of
$5547 and a cost per additional year eventfree of $4285.
Conclusions—At up to six months abciximab oVers improvements in clinically
important outcomes. A modelling exercise explores and highlights the likelihood
of significant long term health benefits.
The analysis provides information for
decision makers and funders to consider
the value for money of abciximab.
(Heart 1998;79:12–17)
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Percutaneous transluminal coronary angioplasty (PTCA) is generally regarded as a less
expensive and less resource intensive alternative to coronary artery bypass grafting
(CABG). However, the value of PTCA has
been restricted by ischaemic complications
occurring as either abrupt closure (in the first
24 hours after the procedure), or restenosis
(occurring within the first six months). Recent
clinical trials have shown improved outcomes
with reduced rates of abrupt closure or clinical
restenosis when antiglycoprotein IIb/IIIa,
abciximab1 2 (Reo Pro; Eli Lilly), is used in
conjunction with standard aspirin and heparin
anticoagulation protocols.
This paper reports on a clinical and
economic evaluation based on the results of the
EPIC trial (the largest phase III trial of abciximab) and long term epidemiological data.
Economic evaluation is defined as the comparison of costs and outcomes for two or more
interventions.3 Consequently, thorough evaluation of the clinical data is pivotal. It is used to
quantify the value for money of interventions
for decision makers and funders of health care.
The form of economic evaluation used here
is cost eVectiveness analysis, which uses “natural” or clinical measures of outcome. Value for
money is best summarised as a particular ratio:
the incremental cost eVectiveness ratio. This
conveys the additional cost of achieving an
additional unit of outcome.
Methods
CLINICAL EFFECTIVENESS

The EPIC trial was a prospective, randomised,
double blind trial with 2099 patients treated at
56 centres.1 2 Men and women at high risk for
ischaemic complications during and after
PTCA were randomised to one of three arms:
placebo bolus plus placebo infusion for 12
hours (P), 0.25 mg/kg bolus of abciximab plus
placebo infusion for 12 hours (B), or 0.25
mg/kg bolus of abciximab plus a 10 µg/min
abciximab infusion for 12 hours (B+I). Standard intravenous heparin and aspirin regimens
were given. Approximately 50% of patients had
single vessel disease and 50% had multivessel
disease.
The primary outcome measure was the rate
of the following composite events: non-fatal
myocardial infarction, death, repeat PTCA/
stent placement, or bypass surgery (hereafter
referred to as the event rate). Bleeding events
were classified as either major, minor, or insignificant according to the TIMI classification.4
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COST EFFECTIVENESS

Two analyses were performed: a cost eVectiveness analysis using data from the six month
EPIC trial, and an analysis using the results
from a model of long term health outcomes. In
the former we used event data collected within
the EPIC trial for the assessment of costs and
outcomes. The outcomes used were the main
composite end point, repeat revascularisation,
and the combined risk/benefit measure. As is
conventional in economic evaluation, outcomes and costs are discounted to reflect a
time preference for benefits sooner and costs
later. An annual discount rate of 5% was used.
Sensitivity analyses were also performed to
assess the robustness of results.
The frequency of clinical events from the
trial, both within the initial hospital inpatient
episode and beyond, were determined from the
full trial dataset. Approximately 40% of ischaemic events occurred during the initial hospital
episode and so only the marginal costs of these
events were included. Conversely, events after
the initial episode were costed as separate
events. Unit costs were mainly derived from the
Australian National Casemix costs.5
In the case of blood transfusions (generally
given for major bleeding), additional costs for
critical care and monitoring were included.
The cost of blood products was separately
determined, given that blood is supplied by
donation in Australia and does not have clear
unit price. Here, the total costs of the blood

collection and distribution service were allocated down to units of blood products.
The average cost per patient was determined
by multiplying the frequency of events by associated unit costs. The diVerence in average
costs defines the incremental costs of treatment. Costs are presented in Australian dollars
at 1996 prices.
The long term health outcome model served
to provide estimates of final end points.
Survival, and in single vessel disease only,
event-free survival (absence of repeat PTCA,
CABG, myocardial infarction, and death),
were estimated over a 10 year period. The balance of published epidemiological reports supports improved outcomes with successful
PTCA, and so from the modelling perspective
the issue is the size of the gain. A Markov process was used, which links the rates of successful
and unsuccessful PTCA outcome from the
EPIC trial with long term outcome data.6
A comprehensive search of the Medline and
Embase databases indicated a large body of
published studies reporting survival after
PTCA.7–31 However, few report outcome data
according to whether PTCA was clinically successful or unsuccessful or in a form suitable for
modelling. Two large cohort studies, one in
single vessel disease,12 and one in multivessel
disease,13 form the basis of the evidence on long
term outcomes. These show that survival, cardiac survival, and event-free survival are
improved for those with clinically successful
PTCA compared to those with failure.
In single vessel disease (n = 798), successful
PTCA is correlated with better overall survival
(p = 0.02), cardiac survival (p = 0.003), and
event-free survival (p << 0.001). By 10 years
the cumulative rate of survival and any event
(PTCA, bypass surgery, myocardial infarction,
or death) are 92% v 86% and 60% v 15% for
successful and failed PTCA, respectively.
In multivessel disease (n = 637), the
cumulative rate of cardiac death at five years
was 88% v 77% for successful and failed
PTCA, respectively (p = 0.001). One study
seems to contradict the survival results and is
given due attention in the discussion.17
At the end of six months of follow up as
described in the EPIC trial, patients enter the
model in one of three health states: clinical
success (patients free from events); clinical
failure (patients who have had an event excluding death); and death, with probabilities taken
directly from the EPIC trial. Thereafter,
annual transition probabilities based on the
annual risks of successful and unsuccessful
PTCA were applied from the cohort studies. A
simplified schema of the model is presented in
fig 1.
The model makes three main assumptions.
The first is that the gain in outcomes from successful PTCA in the older cohort studies
applies here. This is defended on the basis that
the cohort patients have a similar representation of men/women and rates of revascularisation expected in Australia. The second is that
improved medical management over time has
aVected successful and unsuccessful PTCA
patients similarly. The third is that patients

Heart: first published as 10.1136/hrt.79.1.12 on 1 January 1998. Downloaded from http://heart.bmj.com/ on September 15, 2019 by guest. Protected by copyright.

A combined risk/benefit measure was also
derived. Here, the more serious of the clinical
or safety events were used.
By the end of the study at six months there
was an 8.1% absolute reduction in events (95%
confidence interval 3.1% to 12.7%), and a
23% relative risk reduction (p = 0.001). The
most common complication of abciximab was
bleeding, although this did not result in a
statistically significant increase in serious
events. Death due to bleeding was rare and
occurred at a similar rate in all groups.
More recent data confirm this level of treatment eVect and suggest safer methods of
administration. These results enhance the generalisability of the evaluation. A substudy of the
EPIC trial (n = 183) aimed to assess strategies
to reduce the rate of excess bleeding with
abciximab and in particular the use of low
dose, weight adjusted heparin (PROLOG trial;
data on file). It was shown that low dose, weight
adjusted heparin in combination with early
removal of the arterial sheath appeared to offer
the greatest benefit in reducing bleeding complications (to only 1.9%). Two other studies
have since confirmed the eYcacy and safety
benefits with heparin adjustment (CAPTURE
and EPILOG trials; data on file). Notably, a
broad population of patients undergoing
PTCA was enrolled in contrast to the high risk
category enrolled in the EPIC study. These
studies were stopped early because of highly
significant reductions in event rates. Both trials
used weight adjusted heparin dosage and both
found that bleeding was not significantly
diVerent from placebo.
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Survival,
event-free years

M

Survival,
event-free years

Success 73% (64.9%)
Fail 23.9% (31.7%)

Trial
patient

Death 3.1% (3.4%)

6 months

10 years

Figure 1 Simplified model. The probabilities of entering
the model in the three states are shown for EPIC patients
(and placebo patients in brackets). The pivotal aspects of
the model are the Markov nodes, labelled “M”. For single
vessel disease, survival and event-free times are estimated.
For multivessel disease, only survival is estimated. The
death branch accounts for the chance of death at the start of
the model.

maintaining clinical success by six months in
the EPIC trial would enjoy at least the level of
benefit shown in patients with immediate success in the cohort studies. This is a conservative
assumption because some degree of treatment
failure occurs within the first six months after
treatment.
The hypothetical patient “inherits” the average costs calculated at the start of the model
(that is, at the end of six months and at the start
of the Markov process). Many costs are
expected to be common for abciximab and
placebo patients, such as the use of drugs for
coronary heart disease and use of medical
services. However, patients who die within the
model period or experience a serious event will
incur more costs. As these events are more frequent with placebo, this approach will yield
results which are conservative.
Results
EVALUATION OVER SIX MONTHS

Table 1 presents average and incremental costs
per patient over six months for placebo and
B+I regimens. The unit costs are presented in
the first column. It can be seen that the average
cost per patient for abciximab over the six
month trial is $8019, versus $6965 for placebo.
Table 1

Average and incremental costs (Australian $) from the EPIC trial

Event
Single PTCA
Received abciximab
CABG during initial hosp
Repeat PTCA during hosp
Death during initial hosp
MI during initial hosp
Stent during initial hosp
IABP during initial hosp
Minor bleeding
Transfusions
CABG post initial hosp
PTCA post initial hosp
Death post initial hosp
MI post initial hosp
CHF post initial hosp
Unstable angina post initial hosp
Total

Average cost,
placebo

Average cost,
abciximab

Incremental
cost

4164
0
571
271
9
57
22
133
20
65
623
719
118
28
56
109

4189
1633
466
156
7
31
22
106
34
143
509
535
101
21
14
52

25
1633
−105
−116
−2
−26
0
−27
14
78
−114
−184
−16
−7
−42
−57

$6965

$8019

$1054

CABG, coronary artery bypass grafting; CHF, chronic heart failure; hosp, hospital admission;
IABP, intra-aortic balloon pump; MI, myocardial infarction; PTCA, percutaneous transluminal
coronary angioplasty.

The incremental cost is $1054. The $1640 cost
of abciximab is oVset by $586 in resource savings which represents one third of its cost.
Table 2 presents the average and incremental
cost eVectiveness ratios from the trial based
evaluation.
It can be seen that the average costs per
patient free from a serious event are $10 985
and $10 732 for abciximab and placebo,
respectively. The higher average cost eVectiveness with abciximab is consistent with a drug
that provides greater health outcomes at higher
cost. For any revascularisation the average cost
eVectiveness is $10 374 and $9865, respectively. For the risk/benefit measure the average
cost eVectiveness is $11 231 and $10 883,
respectively.
The incremental cost eVectiveness ratios
presented in table 2 indicate the additional cost
of additional outcomes. The additional cost per
patient free from a serious event is $13 012.
For any revascularisation the additional cost is
$15 731 and for the risk/benefit measure the
additional cost is $14 243.
SURVIVAL MODEL WITH PRELIMINARY ECONOMIC
EVALUATION

Table 3 presents the results of the life-year estimates and preliminary economic ratios. Patients with single vessel disease are estimated to
live an extra 0.12 years. Patients with multivessel disease are estimated to live an extra 0.25
years. Given the 50:50 split in the EPIC trial,
the typical EPIC patient would be expected to
live an extra 0.19 years. The incremental cost
per additional life-year gain is estimated at
between $5547 and $8783.
Table 4 presents the results of the event-free
year estimates and economic ratio. Patients
receiving abciximab are expected to live an
extra 0.246 years free from ischaemic events.
The cost per additional year of life free of
ischaemic events is estimated as $4285.
SENSITIVITY ANALYSIS

Some of the sensitivity analyses are reported
here. These involve significant alterations
intended to convey the robustness of results to
the data sources used. For the trial based
evaluation, the incremental ratios were recalculated using event rates based on the upper and
lower limits of the 95% confidence intervals.
The incremental ratio for the composite end
point ranges between $11 085 and $43 667.
For the risk–benefit measure, the incremental
ratio ranges between $12 001 and $60 042. As
the composite end point measure was estimated more precisely, the low and high ratios
are closer to the base case estimate.
Two sensitivity analyses for the model are
reported here:
(1) Eliminating the survival benefit for single vessel disease patients—These patients appear to
benefit less than multivessel disease patients.
Attributing only the benefit to multivessel disease patients serves as a sensitivity analysis for
the modelled evaluation. This increased the
incremental ratio by approximately two thirds,
with a cost per additional life-year gained of
$8432.
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Table 2

Average and incremental cost eVectiveness ratios from EPIC trial (Australian $)

Composite end point $8019
Any revascularisation $8019
Risk/benefit measure $8019

Placebo

Incremental analysis

EVect

Avg C/E

Avg cost

EVect

Avg C/E

Incr cost

Incr eVect

Incr C/E

0.73
0.773
0.714

$10 985
$10 374
$11 231

$6965
$6965
$6965

0.649
0.706
0.64

$10 732
$9865
$10 883

$1054
$1054
$1054

0.081
0.067
0.074

$13 012
$15 731
$14 243

Avg, average; C/E, cost eVectiveness; EVect, eVectiveness; Incr, incremental. The eVectiveness measures represents the chance of
being free from events.

Table 3

Average and incremental cost per life-year ratios from the EPIC trial (Australian $)
Abciximab
Avg cost

All EPIC patients
Single vessel
disease
Multivessel
disease

Placebo
Life-years

Avg cost/
life-year

Incremental analysis

Avg cost

Life-years

Avg cost/
life-year

Incr cost

Incr
life-years

Incr cost/
life-year

$8019

6.67

$1202

$6965

6.48

$1075

$1054

0.19

$5547

$8019

7.45

$1076

$6965

7.33

$950

$1054

0.12

$8783

$8019

5.88

$1364

$6965

5.63

$1237

$1054

0.25

$4216

Avg, average; Incr, incremental.

Table 4

Average and incremental cost per event-free year ratios from EPIC trial (single vessel disease only) (Australian $)
Abciximab

Single vessel
disease

Placebo

Avg cost

Years free

Avg cost/
years free

$8019

3.079

$2604

Incremental analysis

Avg cost

Years
free

Avg cost/
years free

Incr
cost

Incr years
free

Incr cost/
year free

$6965

2.833

$2459

$1054

0.246

$4285

Avg, average; Incr, incremental.

(2) Halving the number of event-free years
gained—Freedom from cardiac events was substantially lower with successful PTCA. Halving
the number of event-free years gained increased the incremental ratio to $11 715.
Discussion
A clinical and economic evaluation of the addition of abciximab to heparin plus aspirin anticoagulation in candidates at high risk for
PTCA has been presented. The approach has
been first, to assess the results from all
randomised trials and second, to extrapolate
long term outcomes supported by good quality
epidemiological data.
Given the high cost of abciximab compared
to the standard anticoagulation regimen with
PTCA, the value for money analysis of
treatment is clearly important. In essence,
abciximab represents a one oV additional cost
to PTCA which is oVset by one third in savings
(mainly in reduced need for revascularisation).
Balanced against this cost are improved
intermediate and potential long term outcomes
with abciximab. Over six months, there is an
8.1% absolute risk reduction in serious cardiovascular events. This translates into a number
“needed to treat” of 12 to 13 patients to obtain
this benefit.
The additional rate of major bleeding (7%) is
clearly of some concern to practitioners. However, no death from haemorrhage was caused
by abciximab and no diVerence in the rate of
stroke or cerebral haemorrhage. As a result, the
long term consequences of bleeding events are
not expected to be significant. The PROLOG,
EPILOG, and CAPTURE trials indicate that
weight adjustment of heparin with timely

sheath removal (four to six hours after heparin)
has largely eliminated the excess risk of major
bleeding.
The generalisability of these trials appears
good, given that they are unlikely to be
harbouring important biases in view of their
size and double blinded design. Procedures
were performed in a standard manner and
results were analysed on an “intention to
treat” basis including all randomised patients,
which enables the results to be applied to the
clinical setting. Further, the CAPTURE and
EPILOG studies provide indications that
similar or greater treatment benefit exists in a
broader patient population such as patients
scheduled for elective PTCA with unstable
angina.
Long term outcomes were modelled to provide estimates for final end points. The balance
of long term follow up studies supports
improved survival and event-free survival with
successful PTCA and highlights multivessel
disease as a serious risk factor. One important
study by Weintraub et al seems to contradict
the relation between restenosis and higher risk
of mortality but supports the event-free
survival estimates.17 This well conducted study
assessed 3363 patients undergoing angiographic restudy four months to one year
after PTCA. At six years, there was only a trend
to better survival rates—95% v 93% for no restenosis and restenosis, respectively (p = 0.16).
There were statistically significant reductions in the incidences of myocardial infarction, repeat PTCA, and repeat CABG. Restenosis was found to be an independent
correlate of these events, but not mortality.
Interestingly, repeat revascularisation was the
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LIMITATIONS OF THE STUDY

Potential limitations of this study are acknowledged. First, the Weintraub study places some
doubt as to the gain in survival from successful
PTCA but confirms this study’s conclusions on
better event-free survival (particularly less
revascularisation after restenosis).
Second, the incremental costs estimated
relate only to the first six months of treatment.
There is a possibility that additional costs will
become evident, perhaps due to the management of those who live longer. OVsetting this
are the likely lower costs from less repeat
PTCA and bypass surgery.
Third, these results are most applicable to
the high risk patients as defined in the EPIC
trial, but not necessarily to all PTCA candidates. However, the early results of treatment in
a broader patient group are encouraging at this
stage. The CAPTURE study includes an angiographic substudy of 1000 patients, the results
of which will better address the generalisability
of treatment eVect to the wider PTCA population.
Fourth, the usefulness of treatment alongside the use of coronary stents is also unclear.
Stenting is becoming a more common feature
of clinical intervention and this may increasingly limit the generalisability of our results. A
stent substudy of the EPILOG trial and two
planned studies (STEREO 1 and STEREO 2
trials; in press) will address this treatment
question. As PTCA without stenting is still
common practice, the results are currently of
clinical interest.
It is important that value for money is
explored early on in the adoption of a new
technology. Funders and decision makers can
decide on whether the economic ratios presented are attractive value for money. These
results can be applied to other health care systems where their acquisition costs of abciximab
are similar as this represents the pivotal cost
index.
CONCLUSION

In conclusion, abciximab has been shown to
reduce the rate of restenosis substantially in
patients at high risk for PTCA. Indications are
that the same level of benefit may be expected
in non-high risk elective PTCA. With appropriate regimens, the rate of major bleeding is
only marginally above that of placebo and has
not resulted in excess stroke or other serious
haemorrhage. Survival extension with freedom

from morbidity is supported by published epidemiological reports. The one-oV cost of
abciximab oVers short term improvements in
clinically important outcomes. This study also
explores and highlights the likelihood of
significant long term health benefits.
This study was funded by Eli Lilly Australia Pty Ltd.
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