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Introduction

A cost-effectiveness analysis (CEA) of a medicine or medical
device is one of the bridges between clinical decision making and
policy making. This paper highlights important aspects of a CEA by
considering how Reynolds et al estimated the cost-effectiveness of
transcatheter aortic valve implantation (TAVI) versus standard non-
surgical therapy for patients with inoperable aortic stenosis (AS)'.

PICO

The PICO (population, intervention, comparator, outcome) concept
used in assessing the quality of effectiveness studies can also be
applied in CEAs. The first three elements are clear from the study
design: Reynolds et al used the PARTNER study, a randomised
controlled trial (RCT) of TAVI in two populations, one of which
was “inoperable” patients, who underwent TAVI or standard non-
surgical therapy?**. Finally, this CEA has multiple outcomes (costs,
life expectancy and quality of life) although cost-effectiveness is

the primary one.

Costs
Costs are calculated by combining resource use (e.g., number of
hospital days) and unit costs (e.g., cost per day). Reynolds reported

these elements separately, which helps when judging the quality
and generalisability of a CEA; poorer CEAs generally have limited
documentation. The cost difference in the first year was approxi-
mately $50,000, slightly more than the costs of TAVL

Quality of life and QALYs

Quality of life (QOL) in the PARTNER trial was measured using
the EQ-5D (range: —0.109, 1). Mean QOL (“utility”) scores were
0.59 (TAVI) versus 0.57 (standard therapy). QOL scores are com-
bined with survival to form quality-adjusted life-years (QALYS).
With assumptions, TAVI patients had 0.70 QALY in the first year
and patients with standard therapy had 0.61 QALYs (difference:
0.09 QALY3S).

Extrapolation beyond the first year

Differences in survival and QOL after the first year, plus the fact that
many patients were still alive at the end of follow-up, were compel-
ling reasons to extrapolate into the future. However, this presents an
important dilemma. Should a CEA only focus on what was observed
during the study or should it include what might happen beyond fol-
low-up? A CEA based only on observed results is attractive but prob-
ably underestimates the cost-effectiveness of TAVI. However, an
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analysis using extrapolated results requires various assumptions
which may not be valid. The authors Reynolds et al used statistical
measures to decide which extrapolation approach best fitted the
observed data and estimated the total life expectancy following TAVI
to be 3.1 years versus 1.2 years for standard therapy.

Discounting

Discounting refers to the conversion of future costs and effects (i.e.,
health) into their net present value. Reynolds used the most com-
mon discount rate of 3% for both costs and effectiveness. In many
cases, discounting does not influence the results, but it all depends
on the timing of costs and health.

Cost-effectiveness

Reynolds found that TAVI increases both costs ($79,837, dis-
counted) and life expectancy (1.6 years) versus standard therapy.
By dividing costs by life expectancy, we conclude that TAVI use is
associated with an additional $50,212 per life-year gained: this is
referred to as the incremental cost-effectiveness ratio (ICER). The
extra cost to gain one QALY is $61,889.

Uncertainty
All estimates of effectiveness and cost-effectiveness are just that:
estimates. So how much uncertainty is there surrounding these esti-
mates? Sensitivity analysis is a common way to answer this and
Reynolds et al used two types. First, they performed one-way sensi-
tivity analyses, varying input parameters one by one to see how they
affected the results. The biggest effect was seen when effectiveness
was measured in QALY's versus life expectancy. This is understand-
able since improvement in QOL is much smaller than a life-death
distinction. The costs of “non-cardiovascular events” also affected
the ICER; excluding them reduced the ICER to $33,860 per life-
year gained. One likely explanation: TAVI increases life expec-
tancy and a longer life is associated with greater healthcare costs.
Reynolds et al also performed a probabilistic sensitivity analysis.
They created 5,000 populations to derive 5,000 estimates of the dif-
ferences in costs and life expectancy and found a range in incre-
mental life expectancy of approximately 1.1 to 2.3 years, a range in

incremental costs of $60,000 to $100,000 and a range in ICER of
approximately $40,000 to $60,000.

Conclusions

Reynolds et al estimated the ICER for TAVI versus standard ther-
apy at about $50,000 per life-year gained ($62,000 per QALY
gained). They concluded that TAVI is cost-effective, arguing that
thresholds are often far above $50,000 and that widely used cardio-
vascular technologies such as ICD have similar ICERs. However,
no cut-and-dried answer is available here. Cost-effectiveness is just
one of the factors considered in reimbursement decisions.

Quality and transferability

One needs to consider both quality and transferability/relevance of
a CEA. The quality of the study by Reynolds appears good, but it is
clear that the study may have limited relevance to other settings.
For example, Reynolds et al used the perspective of the US health-
care system. This perspective means that all costs incurred within
the healthcare sector are included and that these costs should reflect
actual costs. Use of a payer perspective means costs should be
based on tariffs (which may differ from actual costs). This study
may therefore be of limited relevance for American third party pay-
ers. More importantly, this study may be even less relevant for deci-
sion makers in other countries because of important differences
between countries (e.g., costs, quality of care). Ultimately, each
CEA is unique and even CEAs using the same RCT may differ; the
same PARTNER trial was applied in various CEAs that yielded
different estimates of the cost-effectiveness of TAVI (Table 1).
Possible reasons include different study designs, different cost cal-
culation methods, different QOL/QALY calculation methods, and
different extrapolation methods.

Conclusion

Insight into the strengths and weaknesses of CEAs is best gained
by studying CEAs of a familiar treatment and slowly learning the
different elements. Space limitations preclude a detailed discus-
sion of relevant issues. More details can be found in the online

document; various articles and books provide good general

Table 1. Comparison of cost-effectiveness studies examining TAVI for inoperable aortic stenosis patients.

Effectiveness (quality-adjusted

life-years, QALYs) Effectiveness (life-years) Increme_ntal
cost-effectiveness
st?:riz:)ryd Difference stLa:r:Ld Difference str:::];d Difference ratio
USA Reynolds! 2.03 0.73 1.30 2.78 1.20 1.58 $149,740 $69,903 | $79,837 $61,413
USA Simons® 1.93 119 0.74 2.93 2.08 0.85 $169,100 $83,600 | $85,500 $115,541
Belgium | Neyt™ not reported | not reported 0.74 not reported | not reported 0.88 not reported | not reported | €33,243 €44,923
Canada | Sehatzadeh 1.80 1.16 0.64 2.71 1.72 0.99 $79,755 $48,552 | $31,203 $48,908
UK Murphy*2 1.63 119 0.44 2.54 2.24 0.30 £28,016 £12,176 | £15,885 £36,102
UK Watt! 2.36 0.80 1.56 not reported | not reported | not reported | £30,200 £5,000 £25,200 £16,154




information about CEAs>¢. An understanding of CEAs is one step
toward the ability to judge the quality and relevance of CEAs.
Checklists like those by Drummond help the reader conduct a criti-
cal appraisal of a CEA, while transferability checklists help to
judge their transferability’*.

Conflict of interest statement
The author has no conflicts of interest to declare.

References

1. Reynolds MR, Magnuson EA, Wang K, Lei Y, Vilain K,
Walczak J, Kodali SK, Lasala JM, O’Neill WW, Davidson CJ,
Smith CR, Leon MB, Cohen DJ; PARTNER Investigators. Cost-
effectiveness of transcatheter aortic valve replacement compared
with standard care among inoperable patients with severe aortic
stenosis: results from the placement of aortic transcatheter valves
(PARTNER) trial (Cohort B). Circulation. 2012;125:1102-9.

2. Leon MB, Smith CR, Mack M, Miller DC, Moses JW,
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR,
Brown DL, Block PC, Guyton RA, Pichard AD, Bavaria JE,
Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN,
Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter
aortic-valve implantation for aortic stenosis in patients who cannot
undergo surgery. N Engl J Med. 2010;363:1597-607.

3. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW,
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR,
Williams M, Dewey T, Kapadia S, Babaliaros V, Thourani VH,
Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ,
Anderson WN, Wang D, Pocock SJ; PARTNER Trial Investigators.
Transcatheter versus surgical aortic-valve replacement in high-risk
patients. N Engl J Med. 2011;364:2187-98.

4. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG,
Makkar RR, Fontana GP, Dewey TM, Thourani VH, Pichard AD,
Fischbein M, Szeto WY, Lim S, Greason KL, Teirstein PS,
Malaisrie SC, Douglas PS, Hahn RT, Whisenant B, Zajarias A,
Wang D, Akin JJ, Anderson WN, Leon MB; PARTNER Trial

Cost-effectiveness of TAVI for patients with AS

Investigators. Two-year outcomes after transcatheter or surgical
aortic-valve replacement. N Engl J Med. 2012;366:1686-95.

5. Drummond MEF, Sculpher MJ, Torrance GW, O’Brien BJ,
Stoddart GL. Methods for the economic evaluation of health care pro-
grammes. 3" ed. Oxford; New York: Oxford University Press; 2005.

6. Hunink MGM, Glasziou PP, Siegel JE, Weeks JC, Pliskin JS,
Elstein AS, Weinstein MC. Decision making in health and medi-
cine: integrating evidence and values. Cambridge; New York:
Cambridge University Press; 2001.

7. Drummond MF, Aguiar-Ibanez R, Nixon J. Economic evalu-
ation. Singapore Med J. 2006;47:456-61; quiz 462.

8. Welte R, Feenstra T, Jager H, Leidl R. A decision chart for
assessing and improving the transferability of economic evaluation
results between countries. Pharmacoeconomics. 2004;22:857-76.

9. Simons CT, Cipriano LE, Shah RU, Garber AM, Owens DK,
Hlatky MA. Transcatheter aortic valve replacement in nonsurgical
candidates with severe, symptomatic aortic stenosis: a cost-effective-
ness analysis. Circ Cardiovasc Qual Outcomes. 2013;6:419-28.

10. Neyt M, Van Brabandt H, Devriese S, Van De Sande S.
A cost-utility analysis of transcatheter aortic valve implantation in
Belgium: focusing on a well-defined and identifiable population.
BMJ Open. 2012;2.

11. Sehatzadeh S, Doble B, Xie F, Blackhouse G, Campbell K,
Kaulback K, Chandra K, Goeree R. Transcatheter aortic valve
implantation (TAVI) for treatment of aortic valve stenosis: an evi-
dence-based Analysis (part B). Ont Health Technol Assess Ser.
2012;12:1-62.

12. Murphy A, Fenwick E, Toff WD, Neilson MP, Berry C,
Uren N, Oldroyd KG, Briggs AH. Transcatheter aortic valve
implantation for severe aortic stenosis: the cost-effectiveness case
for inoperable patients in the United Kingdom. Int J Technol Assess
Health Care. 2013;29:12-9.

13. Watt M, Mealing S, Eaton J, Piazza N, Moat N, Brasseur P,
Palmer S, Busca R, Sculpher M. Cost-effectiveness of transcatheter
aortic valve replacement in patients ineligible for conventional aor-
tic valve replacement. Heart. 2012;98:370-6.

-
=
S
=
=
=
(1]
S
(1]
=
=
(=)
=
N
(@]
[
N
O
=
N
H
=
:
o
N
H
w




