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ORIGINAL ARTICLE

Modelling the cost-effectiveness of cardiac
interventions: the case of sirolimus-eluting

stents

NEIL HAWKINS, MARK SCULPHER, MARTIN ROTHMAN

Abstract

his article aims to provide a primer on decision
Tmodelling to assess the cost-effectiveness of

interventions in cardiology. The paper uses a cost-
effectiveness model developed to compare alternative
coronary stents. This decision analytic model assesses
costs to the UK health service and health benefits in
terms of quality-adjusted life-years (QALYs). Data were
taken from a range of sources, including 12-month
follow-up data from three important double-blind
randomised controlled trials: RAVEL, SIRIUS and
E-SIRIUS. Methods are employed to show the
uncertainty in cost-effectiveness.

Sirolimus-eluting stents were compared to ‘bar,
metal’ stents in constructing this decision mod
patients included were those individuals W|t
coronary disease randomised to the three

The main outcome measures were: é\)
mean health service costs, increment Q,L er
additional QALY, and the probabilj
eluting stents are more cost-eff
stents.

Mean QALY gains per p@i?
sirolimus-eluting stent rangé-ifom 5.01\1't
12 months. Although the list pr of the si
eluting stent is £617 more than are tent, its
additional total mean cost per patien %Ing ‘cost
offsets’ from a lower rate of subseq%t? vents, ranges
from £53 to £166. The increment% f the sirolimus-
eluting stent per additional QALY ranges from £3,181 to
£15,198. The probability that the sirolimus-eluting stent
is less costly than the bare metal stent ranges from 0.13
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to 0.34. If the health service is willing to pay up to
£40,000 per additional QALY, the probability of the
newer stent being the more cost-effective ranges
between 0.8 and 1.0. These results are sensitive to
assumptions about the price differential between the
two forms
Cost-e

iveness analyses based on models are
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care systems in most developed countries are increasingly
ate ested in whether new healthcare interventions represent
lue for money, as well as improve patients’ health. The
National Institute for Health and Clinical Excellence (NICE) in
England and Wales is an example of an organisation charged
with assessing the cost-effectiveness, as well as clinical effective-
ness, of healthcare technologies." In the field of cardiology, new
medical technologies are rapidly developing, and it is to be
expected that healthcare systems will look closely at their effec-
tiveness and cost-effectiveness. NICE has considered a number of
cardiac interventions, including coronary stents and implantable
cardioverter defibrillators, as well as pharmaceutical products in
the field such as the glycoprotein llb/llla receptor antagonists and
clopidogrel (see www.nice.org.uk).

Technology assessments undertaken for bodies such as NICE
often have limited evidence to draw upon. For some technolo-
gies (e.g. new diagnostic tests), there may be no trial data upon
which to base an assessment. For the purpose of addressing
issues of cost-effectiveness, trials that were designed to assess
the efficacy and safety of interventions often have limitations.
These include short follow-up, which precludes the estimation of
changes in quality-adjusted life expectancy, failure to compare
directly the new technology against current clinical practice and
the absence of the measurements necessary for a full economic
assessment, including impact on health-related quality of life and
costs.? These features of the evidence base relating to new inter-
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ventions have resulted in the use of decision modelling tech-
niques to estimate cost-effectiveness. Such methods incorporate
a wide range of existing data rather than relying solely on infor-
mation from clinical trials. Decision models represent the various
clinical pathways along which patients may pass following alter-
native treatments and quantify the probability of a patient fol-
lowing each pathway. Conditional on a patient following a given
pathway, the range of possible costs and health-related out-
comes that a patient may experience is defined. In analysing the
model, the objective is to calculate the expected (equivalent to
mean) costs and health outcome of competing interventions
together with the uncertainty in those estimates. Detailed intro-
ductions to decision modelling can be found elsewhere.?

A growing number of modelling studies are being undertak-
en on cardiac interventions to inform decisions about their value
for money.** It is important that these analyses characterise the
clinical issues associated with the alternative treatments as accu-
rately as possible, so it is crucial for clinicians to be fully involved
in their development. This requires an understanding of the
methods used in these studies. The aim of the paper is to pro-
vide insight into how decision models are developed and, in par-
ticular, how the results and the uncertainty surrounding them are

to compare sirolimus-eluting stents versus ‘bare metal’ stent
using data from a range of sources including three impo
double-blind randomised controlled trials: the randog&

Qa’ {
presented. The paper uses a cost-effectiveness model develw Ant
r

study
with the sirolimus-eluting Bx Velocity™ balloon exp e

native coronary artery lesions trial (SIRIUS) aoean

Table 1.  Details of the randomised controlled trials of sirolimus-eluting
versus standard stents used to provide data for the
cost-effectiveness model. Data relate to all patients in the trials

Trial RAVEL® E-SIRIUS® SIRIUS’

characteristic

Sample size 238 352 1,058

Age in years

(mean + SD) 60.7+10.4 62.3+10.9 62.3+11.1

Men (%) 76 71 71

Diabetes mellitus (%) 19 23 26

Multi-vessel disease (%) 30 36 42

Diameter of reference

vessel (mm, mean + SD) 2.62+0.53 2.55+0.37 2.80+0.47

Length of lesio

(mm, mean j\&b 9.58+3.25 15.046.0 14.445.8

™
R Q
D ing b éég/énd g(/
e bas e ‘analysisnit¥s assumed that the two types of
d iffer i effect on mortality. This can be justi-
ied Qg;{ asis onary restenosis is not per se predictive
incréased ri eath. This has been shown in randomised

onary artery bypass grafting (CABG) and bal-

thials\compar
sten lodn angiopiasty’ where, despite the significantly increased rate
(Cypher®) in the treatment of patients with defn coropa Of restendsis following the angioplasty, there is no commensu-
artery lesions (RAVEL),® the sirolimus-elutin n de % rateselévated mortality risk. Furthermore, Weintraub et al. found
the

multi-centre, randomised, double-blin
coated Bx Velocity™ balloon-expa

of patients with de novo cor n@ iOns/(E-SI ).
These trials provide strong evicé::; at sigQli s-elutin%ts
reduce revascularisation rates rétetive b%?netal ~but
are they cost-effective given their ad@ acquj
Methods

Study question Q

The purpose of the model is to asses%e\ erential impact of
sirolimus-eluting and bare metal stents 0w costs to the UK health
service and on patients’ survival duration, adjusted for their
health-related quality of life (HRQL). In ‘base-case’ analysis, sep-
arate sets of results are presented relating to three relevant
patient groups. The groups are defined according to the trials
from which the clinical data are largely taken.

The characteristics of these three trials, and of their patients,
are summarised in table 1. It can be seen that, in terms of mean
age and sex, the trials are similar. There are, however, some dif-
ferences between the studies: RAVEL had a smaller proportion of
diabetics and patients with, on average, shorter lesions; in SIRIUS
there was a higher proportion of diabetic patients and, on aver-
age, patients had larger diameter vessels and longer lesions; and
in E-SIRIUS patients had a combination of characteristics of both
RAVEL and SIRIUS, with small vessels and longer lesions.

C
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effects of the alternative stents on further revascularisation, mor-
tality and myocardial infarction (MI) only occur during the period
of measurement in the relevant trial in which the effects are esti-
mated (i.e. 12 months).

The measure of health benefit used is quality-adjusted life
years (QALYs). Given the assumption of no differential effect on
mortality, these will reflect the decrement to HRQL associated
with the symptoms that prompt further revascularisation. To
implement this, only further revascularisations driven by patients’
symptoms (rather than by angiography alone) are included to
reflect the occurrence of such revascularisation in routine clinical
practice. It is assumed that, at the onset of symptoms, patients
will have to wait before they undergo further revascularisation
and, during this period, they will experience the HRQL decre-
ment. After their procedure, they will return to an average HRQL
associated with successful revascularisation. HRQL is measured
on a ‘utility’ scale which runs from 0, representing the value of
health states considered equivalent to death, to 1, representing
good health.™

The cost side of the evaluation includes the additional cost of
the sirolimus-eluting stents in the initial procedure, and the full
cost of any further percutaneous coronary intervention (PCl) or
CABG. The cost of further revascularisation procedures incorpo-
rates the cost of a prior angiography, the procedure, drug use
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Table 2. Inputs into the cost-effectiveness model taken from the specific trials. Unless otherwise stated, data are events / those at risk (probabilities)*
Input RAVEL® E-SIRIUS® SIRIUS’
Sirolimus Bare metal Sirolimus Bare metal Sirolimus Bare metal
Stents implanted (mean)t 1.03 1.04 1.22 1.19 1.30 1.30
All deaths 2/120 (0.017) 2/118 (0.017) 2/175 (0.011) 1/177 (0.006) 7/533 (0.013) 4/525 (0.008)

Cardiac deaths 0/120 (0.000) 1/118 (0.008)
Target vessel revascularisation with#:
- PCl 1/120 (0.008)
- CABG 1/120 (0.008)

4/120 (0.033)

18/118 (0.153)
0/118 (0.000)

Myocardial infarction 6/118 (0.051)

1/175 (0.006) 1/177 (0.006) 3/533 (0.006) 2/525 (0.004)
8/175 (0.046)
1/175 (0.006)

8/175 (0.046)

42/177 (0.237)
4/177 (0.023)
4/177 (0.023)

40/533 (0.075)
8/533 (0.015)
16/533 (0.030)

130/525 (0.248)
16/525 (0.030)
18/525 (0.034)

Key: * Where patients experience more than one event, all events are reported here; T These mean stent numbers are based on currently available stent lengths rather
than those in the trials. This has been estimated using mean lesion lengths in the trials, so no standard errors are presented; * Clinically-driven events only;

PCl = percutaneous coronary intervention; CABG = coronary artery bypass graft

Py

Table 3. Inputs in the cost-effectiveness model taken from non-trial
sources and used in all analyses

Input Value Source

Unit costs (2003 prices)

Sirolimus-eluting stent £1,762* Cypher™, Cordis L

Bare metal stent £1,145* Bx Velocity™, Cafdis Lt

Angiography £372 NHS Referends, Costs™

PCI £2,984 NHS Refereige Costs™

CABG
Myocardial infarction

Quality of life weights (mean + standar
Without symptoms 0.84+0.16 !

With symptoms

Waiting times for 961, axim
revascularisation (Days) in the

ti
\r Servic
Key: * Including value added tax (VAT); T Referral from %‘Qnsultant
appointment = four weeks, decision to investigate to iogwaphy = three
months, decision to do procedure to revascularisafion,="shree months;
PCI = percutaneous coronary intervention; CA@ rghary artery bypass

graft

£6,450 NH R@e COStQ

£1,055 % erence CQQ/
tion) Q &

0.69+ jal™ </

and hospitalisation. The cost of Ml is also incorporated into the
analysis.

Data inputs

As with most decision models, the data inputs into the model are
taken from several sources (tables 2 and 3). Inputs relating to the
number of stents used in the initial procedure are estimated
based on the lesions in trial patients and the lengths of stents
currently available. Data on the rate of further revascularisations
and Mis are taken directly from the RAVEL, E-SIRIUS and SIRIUS
trials and based on data collected up to 12-month follow-up
(table 2). For trial patients who experienced more than one
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event, dil events ar@ided. ree trials showed a marked
red%' I angationat ith sirolimus-eluting stents,

relatively low.

t
of the two forms of stent are taken

ev
aINBn rat & h ap&ﬁ
Q it cos x‘g use(@ ate the monetary cost of clinical

3 list prices. In practice, hospitals may

<<'f nts . The
rom%ef factu{%@
lo pri(@ sensitivity analysis is used to explore the

e discounts for cost-effectiveness. All other

The L associated with and without symptoms is taken
fr Arterial Revascularisation Therapies Study (ARTS) Group
This trial used the EuroQol (EQ)-5D instrument at baseline
follow-up. The EQ-5D asks patients to categorise their
ealth, using one of three levels (no problems, moderate prob-
lems and severe problems) on five dimensions — mobility, self-
care, ability to undertake usual activities, pain and
depression/anxiety — thereby defining themselves in one of 245
possible health states.” Each of these states has been scored as
a utility based on interviews with 3,395 members of the UK pub-
lic.'* The mean HRQL score associated with symptoms (0.69) is
assumed to apply throughout the period the patient waits for
revascularisation. This is taken to be 196 days, which is the NHS'
target waiting time and does not distinguish between initial and
repeat procedures.” When not in need of revascularisation (i.e.
when without symptoms), patients’ HRQL is assumed to be the
same as the mean HRQL in patients undergoing PCl in the ARTS
trial one month after revascularisation (0.84)."

\ikah ation
(>co s arﬁ%ﬁom routine NHS sources.
Q

Analysis

The expected cost of managing a patient with one of the two
types of stent is calculated in a series of steps. The first step
involves defining the alternative events that a patient may ex-
perience: MI, further revascularisation with PCl and further revas-
cularisation with CABG. The second step is to attach a probabil-
ity and a cost to each of these events (tables 2 and 3). The prob-
abilities detailed in table 2 allow for the fact that some patients
may have two revascularisation procedures. The third step is to
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Table 4. The cost-effectiveness of sirolimus-eluting versus standard stents: base-case results using data from the three trials
Input RAVEL® E-SIRIUS® SIRIUS’

Sirolimus Bare metal Sirolimus Bare metal Sirolimus Bare metal
Total cost £5,282 £5,116 £5,746 £5,692 £6,033 £5,920
Difference in costs £166 £53 £113
Total reduction in QALYs -0.001 -0.012 -0.004 -0.021 -0.007 -0.022
Difference in QALYs 0.011 0.017 0.015
ICER £15,198 £3,181 £7,461

Key: ICER = incremental cost-effectiveness ratio; QALYs = quality-adjusted life-years

sum the cost of each event weighted by the probability of it
occurring. This expected cost is analogous to a mean cost from
sampled data and provides the best estimate of the cost that a
patient will incur. The expected QALYs associated with the two
forms of stent are calculated on a similar basis. Given the base-
case assumption of equal mortality with both devices, differen-
tial QALYs are simply the difference in quality-adjusted time
spent with symptoms.

tainty in the estimates of clinical inputs and costs going into th
model are reflected in the results. To handle this ‘pagam

{ae
An important aspect of decision models is how the ued

uncertainty’, probabilistic sensitivity analysis is undertalz which
rather than as point estimates."” This reflects th Cisio

the model inputs which is usually reflected, f e, int

technologies it appraises.™ Finally, to assess how results might
change if the differential price of the stents were different, the
model is re-r er alternative price assumptions.

<ngea é{? Q
QQSE d Q&%@luctions are shown in table 4,
m t

rée trials. The QALY reductions are
ments in HRQL during the time spent
cularisation. As such, they are directly
ubsequent revascularisation rates observed

Resul
Expe
T

waiti further

irolimus-8luting stent patients based on E-SIRIUS data reflects

er baseline revascularisation rate (j.e. the rate with bare

ortighal t
% trial @were always lower in patients randomised to
involves defining the model inputs as probability «dist¥i ution§ :sir Iimuﬂ%@ stents. The greater QALY advantage for
< iﬁ u

of confidence intervals. A process known \\g)u
lation is used: this effectively re-runs t dél a la ‘@ mbe
of times, each time randomly picking fom the B

butions representing the para e ertai F@
produces a large number of sdts of Tesult 5%
alternative results are the "best™eXpec d;%ﬁvate
tial costs and QALYs between the \Qty he
establish whether one type of stent \%Qminat
is, whether it has higher expected QALYs ower expected
costs. If neither stent dominates, then t% emental cost per
additional QALY of the more effectiv% ~ that is, the addi-
tional cost divided by the additional QALYs — is calculated. This
ratio represents the extra amount the health service would have
to pay to generate an additional unit of health for the relevant
population. Organisations such as NICE make a judgement
regarding whether, compared to other uses of resources, this
incremental cost-effectiveness ratio (ICER) represents good value
for money.

The variation around that mean result is also important as it
shows the uncertainty in cost-effectiveness. This uncertainty is
presented using a cost-effectiveness acceptability curve.”®In our
model, the curve shows the probability that sirolimus-eluting
stents are more cost-effective than standard stents for a range of
levels that the health service might be willing to pay for an addi-
tional QALY. NICE has indicated that it is willing to pay
£20,000-£40,000 for an additional QALY associated with the
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stents) in that trial compared with RAVEL, and the greater
ive reduction in revascularisations compared with both

Table 4 also shows that sirolimus-eluting stents result in an
additional overall cost to the health service compared to stan-
dard stents. This incremental cost ranges from £54, based on E-
SIRIUS data, to £166 using data from RAVEL. These added costs
are less than the additional acquisition cost of the sirolimus-elut-
ing stent itself because, in each of the trials, the new stent, on
average, results in ‘downstream’ cost savings due to a lower
incidence of further revascularisation. The extent of the cost sav-
ing with the sirolimus-eluting stent in the three trials is again
directly proportional to the reduction in subsequent revasculari-
sations.

Given the higher overall costs but QALY gains associated with
sirolimus-eluting stents, it is appropriate to calculate the incre-
mental costs per extra QALY associated with the new stent, and
these are also shown in table 4. The lower additional cost and
greater QALY gain associated with data from E-SIRIUS results in
the incremental cost-effectiveness ratio being lower (£3,181)
than those based on SIRIUS (£7,461) and RAVEL (£15,198).

r
@AVEL and SIRIUS.
is

Uncertainty

The expected costs and QALYs in table 4 are, however, measured
imprecisely. Figure 1 shows how the uncertainty in cost-effec-
tiveness can be represented in terms of cost-effectiveness accept-
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Table 5. Results of the sensitivity analysis exploring the implications of alternative price differentials between bare metal and the sirolimus-eluting stent

Stent price differential Incremental Probability that sirolimus-eluting stent is more cost-effective than bare metal stent when the
cos}-effectiveness health service is willing to pay:
ratio £0 per additional £20,000 per additional £30,000 per additional  £40,000 per additional
QALY QALY QALY QALY
E-SIRIUS trial
£500 Cypher® 0.69 0.97 0.99 1.0
dominates
£800 £16,486 0.04 0.58 0.80 0.91
SIRIUS trial
£500 Cypher® 0.65 0.99 1.0 1.0
dominates
£800 £23,179 0.0 0.35 0.74 0.92
RAVEL trial
£500 £4,233 0.36 0.78 Cj 0.87 0.92
£800 £32,349 0.0 0.24 \\ 0.43 0.60

ability curves (CEACs). For each trial, these curves show the prob-
ability that each type of stent will be the more cost-effective,
depending on the amount the health service is willing to pay f

an additional QALY in these patients.

When that willingness to pay is zero, cost- effectv ne
defined only in terms of whether the stent reduces S: the
curves show a probability of 0.10, 0.34 and 0.13 I|mus
eluting stents based on data from RAVEL, E- SI

<$¢fter

reI
is c

deC|S|on makers? One impor-
hether the incremental cost per
red good value for money. In other
wor 's willingness to pay for an additional
and many other healthcare systems are

W to allocate a fixed healthcare budget, the

%ﬁg caus
co ect dressmg this question is to assess the costs and

those healthcare interventions and programmes

1 éongd
. a o |t|o
is t

SIR nefits
respectively. At the extreme right of the CE 3\ moun@ %ould have to be removed or down-scaled to fund new
health service is willing to pay for additi sis ig logies such as sirolimus-eluting stents. For example, if the

itio
so the high probability of the sirolimuss g ste \‘
more QALYs outweighs its addmon t, WhIC

high probability of being consideré o. eff

Points in between theset ext e
bility depends on how much t

W th&@
ealt servi€e’is wi pay
for an extra QALY. At a W|I||ngness t dition-

al QALY, for example, these probab are and 1.0
based on data from RAVEL, E-SIRIUS and SI espectively. The
rves for the two

point on the horizontal axis at which %
stents cross will roughly equate with Q\ mental cost-effec-
tiveness ratios shown in table 4.

Table 5 provides details of a sensitivity analysis to assess the
implications for cost-effectiveness of alternative price differen-
tials between the two stents. In the base-case analysis, the dif-
ference between the list price of the two stents is £617. The
table shows the results of the model, based on the three alter-
native trials, when that differential ranges between £500 and
£800. At the lower price differential, the sirolimus-eluting stent
either dominates or has an ICER below £5,000. At the higher
price differential, the ICER ranges between £16,486 (based on E-
SIRIUS) and £32,349 (based on RAVEL).

Discussion
The type of results presented here are now routinely used as an
important input into decision making — for example, by NICE. But
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efficient programme currently being funded (inside or out-
cardiology) were generating QALYs at a higher cost than
sirolimus-eluting stents, then there could be a net gain in QALYs
if that programme was removed and the resources released were
allocated to the new stents. In other words, the opportunity cost
of introducing the new technology would have to be worth
incurring. Whether this was possible would also depend on the
size of the relevant patient groups because the value of the total
resources freed up needs to be at least equal to the additional
cost of sirolimus-eluting stents.

The problem facing decision makers such as those in NICE,
however, is that they have a very imperfect idea of the costs and
benefits of the health care which is currently funded. Therefore,
whether existing interventions should be displaced and, if so,
which ones, is not clear. This has resulted in decision makers hav-
ing to judge whether an incremental cost-effectiveness ratio rep-
resents good value by following a ‘rule of thumb’ rather than
looking formally at opportunity cost. These ‘cost per QALY
thresholds’ have been suggested by, for example, decision mak-
ers in Ontario.”® New draft guidance from NICE suggests an
effective threshold of between £20,000 and £40,000 per QALY,"
but emphasises that other factors may be taken into considera-
tion. On the basis of these thresholds, sirolimus-eluting stents
would probably be considered cost-effective. Evidence on deci-
sions by NICE?' and the Australian healthcare system? suggests
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some sort of threshold is emerging but that it does not entirely
explain all decisions.

An important element of this paper has been to show the
importance of reflecting uncertainty in the cost-effectiveness
results, in particular using probabilistic sensitivity analysis. How
should this influence decision makers? If the overall objective of
decision-making is for the health service to maximise health
(QALYs) gain for its population from the finite resources at its dis-
posal, then the focus should be on the best estimates of cost and
QALYs, that is their expected values, and how the incremental
cost-effectiveness ratio compares with the opportunity cost.? In
such a situation, the value of presenting the uncertainty in the
results, as in figure 1, is that it provides a starting point for con-
sidering whether further research should be funded. Formal
methods exist to establish the value for money, and appropriate
design, of such additional research based on decision analytic
models.?

It is also likely that, regardless of the assessment of the need
for extra research, decision makers will want to be aware of the
probability that, if they recommend that a new technology is
funded, this is the wrong decision and, in reality, this will lead to
an inefficient use of resources. This decision uncertainty is explic
itly shown in the cost-effectiveness acceptability curves in figur,
1.

An important caveat with decision models is that t
are always conditional on their data and assumpti

randomised trials from which data have been dfawq. he
D
o555

effectiveness of drug-eluting stents in patien
multi-vessel and diffuse disease

v\be rxa

9
heif re
on .’{\terms §D
of data, the results relate only to the mix of patients@\e hree(:>

Figure 1. Uncertainty associated with the cost-effectiveness results
based on clinical data from each trial. The diagrams are cost-
effectiveness acceptability curves which show the probability
of the two types of stent being the more cost-effective for a
range of maximum values the health service may be willing to

pay for an additional quality-adjusted life-year (QALY)

RAVEL

1.0
0.8
0.6
0.4
0.2

Cypher™
- — = = Bx Velocity™

-

E-SIRIUS
1.0

0.8
0.6
0.4

treatment is cost-effective

%

g

1 1 1 1
10,000 20,000 30,000 40,000

Monetary value of a QALY (f)

the future shape of the relevant time-to-event curves is highly

remai
Although all models are necessarily simftifications , the \
model presented here was selected 2 as a r% unc &t ose differences are likely to extend further into the future, but

plicated representation of patient§’ pdssible es a dgs/
such, suitable for a primer papgr sucit as thi % Q

An important assumption in‘t€ mo I%t th en-
efits from a lower rate of subsequent ravasgularis oMme the
avoidance of waiting times for furtherNaroced ng which
the patient will be symptomatic. This waiting™4 assumed to

be 196 days, based on the target maxin% aiting time in the
NHS National Service Framework.' I% Centres this period
might be longer (in which case the inckemental cost per QALY
gained from the sirolimus-eluting stent will be lower than report-
ed here); in others it will be shorter (and therefore the incremen-
tal cost per QALY of the newer stent will be higher). The effect
of any over-estimate of this time will be offset by the fact that
the direct negative impact of a further revascularisation on HRQL
(e.g. pain and time away from usual activities following the pro-
cedure) is not included in the model. The reason for not includ-
ing this effect in the model was that good evidence about this
‘convalescence effect’ is not available. The absence of this evi-
dence is likely to result in conservative results with respect to
sirolimus-eluting stents.

A second assumption is that the model only looks at differ-
ences in event rates over the period of 12-month follow-up in
the three trials from which clinical evidence is drawn. In reality,
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uncertain. Again, the decision to look only at events during trial
follow-up is likely to generate conservative estimates of the cost-
effectiveness of sirolimus-eluting stents because its advantage
over bare metal stents, in terms of rates of subsequent revascu-
larisation, is unlikely to stop immediately.

There is an important role for sensitivity analysis to explore
whether changing particular assumptions in the model marked-
ly affects the results. Sensitivity analysis shows that cost-effec-
tiveness is, not surprisingly, sensitive to the price differential
between the two types of stent. A differential ranging from £500
to £800 has a marked effect on cost-effectiveness results. The
key issue is, however, whether this would change policy-makers’
decisions. The maximum ICER of £32,349 (based on RAVEL data)
is close to the NICE threshold.™

In conclusion, cost-effectiveness analyses based on models
are now increasingly used as a basis for decision making by bod-
ies such as NICE. It is essential that these models are developed
with clinical input regarding appropriate assumptions and inter-
pretation of evidence.
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% Key messages

® (ost-effectiveness analysis is increasingly used
internationally to inform decision making about which
health care interventions should be covered/reimbursed

® The analysis indicates that the sirolimus-eluting stent
generates more quality-adjusted life years (QALYs) than
bare metal stents (0.011 to 0.017 over 12 months)

® The additional acquisition price of sirolimus-eluting
stents is £617 based on list prices but its net additional
cost over the bare metal stent is less (£53 to £166),
reflecting cost savings associated with a lower rate of
subsequent revascularisation

® The incremental cost of the sirolimus-eluting stent per
additional QALY ranges from £3,181 to £15,198; the
probability that the newer stent is less costly ranges
from 0.10 to 0.34

® |f the health service is willing to pay up to £40,000 per
additional QALY, the probability of the newer stent
being the more cost-effective ranges between 0.8 and
1.0

® These results are sensitive to assumptions about the ‘
price differential between the two forms of stent /( %‘

&)

receives funding from the NHS Research an mment
gramme in the form of a Career Award in
MS have received consultancy fees an
Cordis Ltd. MR is a chairman of
Advisory Board and is on the US

enti ory
MR also undertakes teaching @ﬂ} ning ants suppo
by Cordis and is a member of the=ddvis

efon c@ aid
of support for research that is curren@e’ip est@ o,

References 2 =
1. National Institute for Clinical Excellence. Teginic¥l guidance for manu-
facturers and sponsors on making a ission to a technology

appraisal: (http:/Avww.nice.org.uk), 20071\

2. Claxton K, Sculpher M, Drummond M. A ratlenal framework for decision
making by the National Institute for Clinical Excellence. Lancet 2002;
360:711-15.

3. Hunink M, Glaziou P, Siegel J et al. Decision making in health and med-
icine. integrating evidence and values. Cambridge: Cambridge
University Press, 2001.

VOLUME 12 ISSUE 3 - NOVEMBER 2005

\Z\‘b

4. Depa

Kuntz KM, Fleishmann KE, Hunink MGM, Douglas PS. Cost-effectiveness
of diagnostic strategies for patients with chest pain. Ann Int Med
1999;130:709-18.

Cohen DJ. Evaluation of the cost-effectiveness of coronary stenting: a
societal perspective. Am Heart J 1999;137:133-7.

Morice M-C, Serruys PWS, Sousa JE et al. A randomised controlled com-
parison of a sirolimus-eluting stent with a standard stent for coronary
revascularisation. N Eng J Med 2002;346:1773-9.

Moses JW, Leon MB, Popma JJ et al. Sirolimus-eluting stents versus stan-
dard stents in patients with stenosis in a native coronary artery. N Eng J
Med 2003;349:1315-23.

Schofer J, Schluter M, Gershlick AH et al. Sirolimus-eluting stents for
treatment of patients with long atherosclerotic lesions in small coronary
arteries: double-blind, randomised controlled trial (E-SIRIUS). Lancet
2003;362:1093.

Pocock SJ, Henderson RA, Rickards AF et al. Meta-analysis of randomised
trials comparing coronary angioplasty with bypass surgery. Lancet
1995;346:1184-9.

. Weintraub WS, Ghazzal ZM, Douglas JSJ et al. Long-term clinical follow-

up in patients with angiographic restudy after successful angioplasty.
Circulation 1§93;87:831-40.

rsity Press2005.

NHS ‘ Reference Costs. www.doh.gov.
. Lo #NR$ Executive, 2003.
So JE“e? al. Comparison of coronary-artery

}%f.o the treatment of multivessel disease. N
4.

of Hea%& nal Service Frameworks for Coronary Heart
NP

=

tment of Health, 2000.

Db%? London
S.ssi:d Y The EffroQgL%nstrument: an index of health-related quality of life.
|

Spilk ad)/Quality of life and pharmacoeconomics in clinical tri-
als. 2 “Philadelphia: Lippincott-Raven, 1996.
utiex C, Kind P, Williams A. A social tariff for EuroQol: results
f a WK general population survey. Centre for Health Economics
; ion Paper 138. Centre for Health Economics, University of York:
, 1995.
riggs AH, Goeree R, Blackhouse G, O'Brien BJ. Probabilistic analysis of
cost-effectiveness models: choosing between treatment strategies for
gastroesophageal reflux disease. Med Decis Making 2002;22:290-308.

. Van Hout BA, Al MJ, Gordon GS, Rutten FFH. Costs, effects and c/e-

ratios alongside a clinical trial. Health Economics 1994,3:309-19.

. National Institute for Clinical Excellence (NICE). Guide to the methods of

technology appraisal. London: NICE, 2004.

. Laupacis A, Feeny D, Detsky AS, Tugwell PX. How attractive does a new

technology have to be to warrant adoption and utilization? Tentative
guidelines for using clinical and economic evaluations. Can Med Assoc J
1992;146:473-81.

. Raftery J. NICE: faster access to modern treatments? Analysis of guid-

ance on health technologies. BMJ 2001;323:1300-03.

. George B, Harris A, Mitchell A. Cost-effectiveness analysis and the con-

sistency of decision making. Pharmacoeconomics 2001;19:1103-009.

. Claxton K. The irrelevance of inference: a decision-making approach to

the stochastic evaluation of healthcare technologies. J Health Econ
1999;18:342-64.

AIC 91




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.stephensandgeorge.co.uk/pdfportal.html)
  /PDFXTrapped /False

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /ENU (These are high-end output settings for creating PDFs which conform to the S&G Print Group. They are also very similar to the ISO PDF/X-1a standard for global blind exchange of the PDF file format for print.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


