Cost-Effectiveness
Analysis of Drug-
Eluting Stents and
Drug-Coated Balloons

Considerations unique to a single-payor system.
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riven by the compelling outcomes in the coro-

nary arteries, drug-eluting stents (DESs) were

quickly adopted in the femoropopliteal arteries.

However, their use did not go without some
initial failures and reasonable time delay once the fun-
damental differences in vessel histology, biomechanical
environment, and unique spatial and temporal patterns
of restenosis between the two vascular beds were real-
ized."? Still, the superficial femoral and popliteal arteries
remained challenging areas for endovascular procedures,
and shortly thereafter, drug-coated balloons (DCBs)
emerged in an attempt to deliver antirestenotic medica-
tion without the need for a permanent metal implant.
In parallel, paclitaxel has become the mainstay drug for
inhibition of restenosis above the knee, contrary to the
sirolimus analogs that have dominated percutaneous
coronary interventions.

Evidence from observational and randomized con-
trolled trials (RCTs) has shown that both DESs and DCBs
inhibit restenosis, improve patency outcomes, reduce the
incidence of recurrent limb ischemia because of target
vessel failure, and reduce the need for target limb revas-
cularization (TLR)." Consequently, DESs and DCBs may
improve functional limb outcomes and prevent major
amputations. On one hand, because of the metal scaf-
fold, DESs are best suited for the treatment of complex
disease to eliminate vessel recoil and maximize immedi-
ate hemodynamic gain necessary for limb salvage. On
the other hand, DCBs are a more elegant option for the

treatment of less complex disease without leaving any-
thing permanent behind. The latest meta-analyses on
DES and DCB outcomes report a significant reduction
of vessel restenosis and TLR by > 50% at 1 year post-
procedure.” Recently reported outcomes from early
RCTs up to 5 years clearly show a sustained, long-term
clinical benefit.%”

ANALYSIS OF DEVICE COSTS

Arguably, both DESs and DCBs command a price
premium as novel medical devices, and hospital admin-
istration often challenges physicians to prove the value
of DESs and DCBs. We recently performed a budget
impact model and cost-effectiveness analysis in the
National Healthcare System (NHS) in England of primary
DES or DCB use in the femoropopliteal segment to gain
some insights into the health economics of using these
devices® We performed a large systematic review of the
literature of single-arm or controlled studies that evalu-
ated endovascular options for the femoropopliteal artery
to inform a health economic analysis comparing primary
bare-metal stent (BMS), DES, or DCB with percutaneous
transluminal angioplasty (PTA) and bailout BMS as the
historical treatment of reference.

Results in Single-Payor Systems

Overall, 28 clinical studies were pooled, reporting on
more than 5,167 femoropopliteal artery lesions. Most
patients had intermittent claudication, and critical limb
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Figure 1. Average aggregate rates of repeat procedures in
the femoropopliteal segment for primary BMS, DES, and DCB
compared to PTA and bailout stenting as the reference treat-
ment. Data from Katsanos K, Geisler BP, Garner AM, et al.
Economic analysis of endovascular drug-eluting treatments
for femoropopliteal artery disease in the UK. BMJ Open.
2016;6:e011245.

ischemia (CLI) represented 15% to 20% of cases. In line
with previous evidence, a significant reduction in the
rate of TLR up to 24 months was noted with the use of
drug-eluting technologies, driving TLR rates from 36.2%
in cases of PTA to 26.9% in cases of BMSs (-9.3%) and
further down to 19.4% in cases of DESs (-16.8%) and
17.6% in cases of DCBs (-18.6%) (Figure 1). Based on the
aggregated trial-reported data, the budget impact model
allowed for one TLR after the index procedure up to
24 months. As a result, the number needed to treat to
avoid one TLR in 24 months was 10.8, 6, and 5.4 in BMS,
DES, and DCB, respectively, at an average incremental
cost per patient of £112, £44, and £43 (economic com-
parison included the index procedure and any applicable
reinterventions costs within 2 years).2

We also expanded the health economic analysis to
include cost-utility factors in order to calculate the pro-
jected incremental cost-effectiveness ratio (ICER) of the
drug technologies under investigation. ICER is defined
as the difference in costs between two interventions (or
medical devices) divided by the difference in their treat-
ment effects. In health care, ICER is best expressed as the
average incremental cost per patient associated with
one quality-adjusted life-year (QALY) gained. QALYs are
generic measures of the quality and quantity of life-years
accrued after different health care interventions, with a
value of one referring to perfect health for a whole year.
Symptomatic vessel restenosis can diminish a patient’s
quality of life and drive the need for TLR earlier or later
depending on the severity of recurrent disease and type
of symptoms (eg, claudication vs CLI). Therefore, the
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Figure 2. Cost-effectiveness plane for the femoropopliteal
artery. ICER for BMSs, DESs, or DCBs are reported. The x-axis
shows the QALY benefit and the y-axis shows the average
per-patient price premium of each technology. Analysis up

to 24 months from the perspective of the NHS in England.
Data from Katsanos K, Geisler BP, Garner AM, et al. Economic
analysis of endovascular drug-eluting treatments for femoro-
popliteal artery disease in the UK. BMJ Open. 2016;6:€011245.

clinical benefit of reducing clinically driven TLR was
converted to the equivalent QALY gain with the use

of appropriate utility factors to allow calculation of
ICER for each endovascular strategy. Figure 2 shows the
derived cost-effectiveness plane for BMS, DES, and DCB
in de novo femoropopliteal lesions up to 2 years. The
projected ICER is only £4,534 per QALY gained for DES
and £3,983 per QALY for DCB.2 Overall, calculated ICERs
are well below the accepted threshold of £20,000 per
QALY for widespread adoption of the technology and
centralized government funding to be justified.

Our analysis has allowed for the development of a
robust decision analytic per-patient cost impact model
for the NHS system in England. The results clearly ques-
tion the recommended standard of PTA and bailout
BMS in the femoropopliteal segment. In fact, a more
in-depth sensitivity analysis showed that a modest 10%
price reduction would raise both DES and DCB as domi-
nant technologies (ie, medical devices that not only offer
superior clinical outcomes, but may also save money for
the NHS). Therefore, the adoption of drug-eluting tech-
nologies is an ongoing paradigm shift in the treatment
of the femoropopliteal artery, and under the free market
competition, price premiums will continue to decrease,
allowing for an ever-expanding market share and con-
tinuous improvement of patient outcomes.

Pietzsch and colleagues published a budget impact
model for the United States and German health care sys-



tems that follows a similar methodology. Comparable
TLR probabilities were reported over 24 months for
PTA, BMSs, DESs, and DCBs.> However, because of
more favorable nominal tariff systems, the primary

DES or DCB strategies were found to have a lower pro-
jected budget impact over 24 months compared with
BMSs and PTA. Average aggregate patient costs were
$10,214 for DCBs, $12,904 for DESs, $13,114 for PTA,
and $13,802 for BMSs for the United States Medicare
system and €3,619 for DCBs, €3,632 for DESs, €4,026 for
BMSs, and €4,290 for PTA for the German public health
care system. The authors concluded that the latest
drug-eluting technologies are not only associated with
improved clinical outcomes, but also with some cost
savings for the taxpayers up to 2 years.’

Limitations

There are certain fundamental limitations in the health
economic analyses of DESs and DCBs. First, published
models are limited by a 24-month time horizon and the
allowance of a single TLR event. Incorporation of long-
term data with multiple event analyses would probably
lead to different but more realistic findings. On one
hand, restenosis of long lesions may often require more
than one repeat treatment. On the other hand, TLR may
involve more than one adjunct medical device (eg, ather-
ectomy and/or reentry devices) or even fail in the case of
vessel reocclusion.

Second, there is an underrepresentation of CLI cases in
the literature, since most RCTs have universally recruited
claudicants. Arguably, CLI is a more challenging patient
population with different priorities and endpoints—free-
dom from a major amputation is the primary treatment
aim instead of vessel patency and freedom from TLR. A
budget impact model focusing on CLI patients and out-
comes would probably require a fundamentally different
model and assumptions with a stronger focus on wound
healing, patient hospital readmissions, and amputation-
free survival, all of which are missing from the base of
available evidence to date.

CONCLUSION

In addition to these drug-eluting technologies, the
market has also seen the advent of other stent tech-
nologies to treat peripheral arteries. Biomimetic stents
have been pursued to reduce restenosis and improve
clinical results building on the superior stent architec-
ture instead of the paclitaxel coating. Robust random-
ized comparative data are still missing; however, pro-
pensity-matched cohorts have shown that the Supera
biomimetic stent (Abbott Vascular) may achieve
comparable patency outcomes compared to DCBs
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in the superficial femoral artery’® and even improve
amputation-free survival under the more challenging
conditions of chronic total occlusions and CLL"" Head-
to-head randomized studies between different types of
novel stent designs (eg, DESs, biomimetic stents) would
be welcomed in an attempt to answer the question of
which stent is the best and most cost-effective option.
In this author’s opinion, the future holds significant
promise for bioresorbable DES platforms that may
ultimately combine the best from both worlds (ie, a
temporary vessel scaffold combined with prolonged
and tunable drug elution to allow for more physiologic
vessel healing and repaving).”? m
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