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Abstract

Purpose Drug-coated balloons (DCBs) for femor-
opopliteal peripheral artery disease have been shown to be
clinically superior and cost-effective compared to con-
ventional percutaneous transluminal angioplasty (PTA).
However, few studies enrolled patients with chronic limb-
threatening ischemia (CLTI). Our objective was to study
the cost-effectiveness of endovascular treatment with ver-
sus without DCB in CLTI patient populations in the
Netherlands and Germany.

Material and Methods Target lesion revascularization
(TLR) and major amputation rates were obtained from the
CLTI subgroup of the IN.PACT Global study. Rates for
“status quo” treatment involving PTA with primary or
bailout stenting were derived from systematic literature
search. Costs and cost-effectiveness were calculated using
a decision-analytic Markov model considering, in the base
case, a 2-year horizon, and strategy-specific quality-ad-
justed life year (QALY) gains calculated from survival and
health state-specific utilities. A willingness-to-pay thresh-
old of €50,000/QALY was assumed, and extensive sensi-
tivity analyses were performed.
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Results Model-projected 24-month probabilities of TLR
were 26.2% and 32.8% for treatment with and without
DCB, and probabilities for amputation were 2.8% and
11.9%, respectively. DCB added 0.017 QALYs while
saving €1,030 in the Dutch setting and €513 in the German
setting, respectively. DCB was found dominant or cost-
effective across a wide range of assumptions.

Conclusion Urea excipient drug-coated balloon therapy for
treating CLTI from femoropopliteal artery disease is
associated with improved patient outcomes and expected
overall cost savings to payers in the Dutch and German
healthcare systems, rendering it a cost-effective and likely
dominant treatment strategy.

Keywords Peripheral Arterial Disease [MeSH
terms] - Economic/cost-effectiveness - Cost—benefit
analysis [MeSH terms] - Angioplasty [MeSH terms] -
The Netherlands [MeSH Terms] - Germany [MeSH
Terms]

Introduction

Chronic limb-threatening ischemia (CLTI) is related to a
high risk of lower limb loss, resulting in functional
impairment negatively affecting quality of life [4, 6]. A
major treatment goal is thus to maximize amputation-free
survival and to increase quality of life.

Endovascular strategies, including drug-based tech-
nologies, play an increasing role in the treatment of both
superficial femoral artery disease and below-the-knee
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lesions [2, 7, 10, 17, 21, 22]. Several studies have assessed
clinical outcomes and also health economic implications of
drug-coated balloon (DCB) use in femoropopliteal occlu-
sive disease in intermittent claudication (IC) or mixed
groups of patients with IC and CLTI [11, 16, 19]. Data
from the CLTI subcohort of the IN.PACT Global Study
recently provided 1-year clinical data of treatment with
urea excipient-based DCB [18].

The objective of this study was to assess the potential
cost-effectiveness of a DCB-supported vs. standard-of-care
interventional strategy using these data in the context of the
Dutch and German healthcare systems.

Materials and Methods
Overview

The cost-effectiveness of DCB was assessed using a
decision-analytic =~ Markov model. Two strategies,
endovascular treatment with DCB and bailout stenting vs.
conventional “status quo” treatment with conventional
PTA and primary or bailout stenting (see details below),
were compared. The effectiveness of the “status quo”
strategy was derived from a systematic literature search.
Cost data for both countries were calculated from reim-
bursement data. The base case analysis evaluated incre-
mental cost-effectiveness in Euro per quality-adjusted life
year (QALY) gained, considering a 2-year analysis
horizon.

Study Data and Analyses

Clinical data for DCB were obtained from the post hoc
analysis of the CLTI subgroup of the IN.PACT Global
study (n = 156 of the total n = 1535 study participants)
[18]. In that study, which was limited to Rutherford 4 and 5
patients, the freedom from clinically driven TLR through
12 months was 86.3% in the CLTI group and 93.4% in the
IC group (p < 0.001), with a freedom from major target
limb amputation at 12 months of 98.6% and 99.9%
(p < 0.005), respectively [18]. In the absence of RCT data,
comparator data were identified through a systematic lit-
erature search. Inclusion criteria included both controlled
and uncontrolled studies of PTA, DCB, or bare metal or
drug-eluting stent in cohorts with close to 100% CLTI
symptoms (Rutherford category 4 through 6) and a primary
lesion in the superficial femoral or the popliteal artery. See
supplementary materials for details.

From these studies, the proportion of patients experi-
encing TLR, major amputation, or death were extracted for
the longest reported follow-up. All events were converted
to 12-month proportions via rates. If more than one

@ Springer

proportion or rate was available for a given endpoint, rates
from different studies were pooled by weighing the pro-
portion or rate by the number of patients.

Bailout stenting rates for the balloon index procedure
were assumed to be similar for the DCB and status quo
strategies and were based on the reported 23.4% bailout
rate observed in the IN.PACT Global CLTI subcohort [18].
For reinterventions, the proportion of stent use was
assumed to be the same for the DCB and status quo
strategies and was informed by the identified comparator
studies. The choice of a status quo bailout rate similar to
the IN.PACT Global CLTI cohort was made as a conser-
vative choice, as it was assumed that the need for bailout
stenting would likely not be driven by the choice of balloon
type.

For the Dutch analysis, cost data for 2020 were sourced
from the Diagnose Behandel Combinatie diagnosis-related
group (DRG) information system, with differences in
reimbursement between vascular surgery and interven-
tional radiology service considered and equal treatment
volumes between services assumed in the base case [25].
For DCB, an add-on reimbursement of €470 per device was
assumed in the Dutch analysis, based on device cost
reimbursed on top of the DRG amount at the time of
analysis.

For the German analysis, year 2020 reimbursement
amounts were identified from the G-DRG system, consid-
ering the procedure-specific DRGs [9]. Add-on reim-
bursement for DCB use was taken into account according
to the current fee schedule. See Table 1 for details.

In both country analyses, cost-effectiveness was evalu-
ated relative to a willingness-to-pay threshold of €50,000
per QALY gained [12, 13].

Model-Based Projections and Scenarios

The decision-analytic Markov model was implemented
separately for each of the two analyzed countries and
included three health states as follows: post-endovascular
intervention, post-major amputation, and death. Subjects in
the modeled cohorts progressed through these states based
on strategy-specific event rates, with a modeled cycle
length of 3 months. Respective TLR and amputation events
were accounted for in each model cycle. In line with the
findings of prior studies [19], any TLR was assumed to be
associated with a temporary reduction in health-related
quality of life, applied as a one-time QALY decrement in
the model cycle in which the TLR occurred. For amputa-
tion events, a reduced health-related quality of life was
assumed for the post-amputation state [5]. Mortality was
assumed to be similar for both strategies and was estimated
from the country-specific general population life tables and
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Table 1 Input parameters for the long-term cost model

Variable Definition Source
Clinical parameters
Age (years) 71.8 [18]
Gender (% male) 55.8 [18]
Mortality HR relative to general population mortality in the  3.55 Calibrated based on pooled mortality estimate of 6.1% at
Netherlands 12 months as reported in [3, 8, 14, 18, 23, 24]—see
Mortality HR relative to general population mortality in 3.15 supplementary materials
German
Effectiveness: Twelve-month TLR proportions

PTA with DCB 14.1% [18]

Status quo PTA 18.0% Pooled from [24], CLTI subcohort of [18], BMS subcohort of [14],
endovascular group of [3]

Effectiveness: Twelve-month major amputation proportions

PTA with DCB 1.4% [18]

Status quo PTA with plain balloon 6.1% Pooled from [24], CLTI subcohort of [18], BMS subcohort of [14],
endovascular group of [3], and [20]

Probability of bailout stenting/stent use

PTA with DCB 23.4% [18]

Status quo PTA with plain balloon 23.4% Assumed to be similar to DCB angioplasty [pooled estimate of
stent use for included status quo studies [3, 23, 24] is 79.4%
stent use—this assumption was tested in sensitivity analysis]

Reinterventions after TLR, either strategy 79.4% Assumed to be similar to pooled estimate of stent use for included
status quo studies [3, 23, 24]

Utilization of devices, per respective procedure
DCB 1.4 [22]
BMS (for German analysis also for DES, as applicable) 1.5 Krankenberg et al. 2015
Cost parameters
The Netherlands

Endovascular intervention (PTA with balloon only, with € 12,355 33,679 — DRG 099,699,099 (2020)

single stent placement, or with multiple stent placement),
surgery tariff

PTA with balloon only, interventional radiology tariff € 1,569 DRG 990,062,007 (2020)

PTA with single stent, interventional radiology tariff € 2,181 DRG 990,062,004 (2020)

PTA with multiple stents, interventional radiology tariff € 5,201 DRG 990,062,005 (2019/20)

Additional reimbursement of DCB cost, per device used € 470 Per information provided by Medtronic Inc. for IN.PACT DCB

Percent of endovascular procedures performed under 50.0% Assumption based on expert input; 0-100% tested in sensitivity

surgery tariff, as opposed to interventional radiology analyses

Major amputation € 14,839  38,690—Weighted average of DRGs 099,699,016, 099,699,023,
099,699,100 (2020)

Germany

PTA with balloon only € 3,059 G-DRG F59F (2020)

PTA with single stent € 3,938 G-DRG F59E (2020)

PTA with multiple stents € 4,735 G-DRG F59D (2020)

Additional reimbursement if DCB is used (one DCB) €172 ZE137.01 (2020)

Additional reimbursement if DCB is used (two DCBs) €573 ZE137.02 (2020)

Major amputation € 7,535 G-DRG F28C (2020)

Health-related quality of life

Utility (post-treatment) 0.82 Average of plain balloon and DCB utilities reported for period
1 m-24 m in [19]

Utility (post-amputation, long term) 0.68 [51

QALY decrement for TLR 0.059 [19]
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Table 1 continued

Variable

Definition = Source

Discounting

Discount rate on costs, p.a. (NL) 4.0%
Discount rate on costs, p.a. (Germany) 3.0%
Discount rate on outcomes, p.a. (NL) 1.5%
Discount rate on outcomes, p.a. (Germany) 3.0%

(1]
(1]
(1]
(1]

BMS, bare metal stent; CLI, critical limb ischemia; DCB, drug-coated balloon; HR, hazard ratio; p.a., per annum; NL, The Netherlands; PTA,
percutaneous transluminal angioplasty; QALY, quality-adjusted life year; TLR, target lesion revascularization. Note: German DRG amounts

apply independent of specialty performing the respective procedure

calibration factors derived from six of the included studies
that reported all-cause mortality [3, 8, 14, 18, 23, 24].

The primary study outcome was the incremental cost-
effectiveness ratio (ICER), defined as the ratio of incre-
mental costs and incremental effectiveness in QALYs.
Total costs were further stratified by index procedure cost
vs. follow-up treatment cost. The base case analysis con-
sidered a 2-year time horizon. Costs and outcomes, per
country-specific requirements, were discounted by 4.0%
and 1.5% per annum for the Netherlands and by 3.0% for
Germany [1].

Various sensitivity and scenario analyses were con-
ducted to evaluate the effect of variations in clinical input
parameters (PAD cohort mortality, strategy-specific TLR,
and amputation rates), number of DCB devices used per
procedure, proportion of bailout stenting, analysis time
horizon, health-related quality of life (utility) assumptions,
and—for the Dutch model—evaluation of the effect of
surgery versus interventional radiology reimbursement.

Results

The systematic literature search conducted to identify
comparator performance yielded five papers that met the
inclusion criteria [3, 14, 20, 23, 24]. In addition, it identi-
fied two additional DCB studies that were used for addi-
tional scenario analysis [8, 15].

See supplementary materials for details on search
strategy and identified studies, including cohort and lesion
characteristics.

The resulting 12-month TLR and major amputation
proportions pooled from the comparator studies (resem-
bling the “status quo” strategy in this analysis) were 18.0%
and 6.1%, respectively, compared to 14.1% and 1.4%
reported for DCB in the IN.PACT Global CLTI subcohort
at 12-month follow-up. This TLR rate closely resembled
the 12.4% and 14.3% reported in Goksel et al. and Phair
et al. [8, 15]. One-year all-cause mortality, calculated from
the identified studies, was 6.1%, leading to hazard ratios of
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3.55 and 3.15 relative to general population mortality in the
Dutch and German country settings, respectively.

Calculated 24-month event proportions for the status
quo and DCB strategies were 32.8% and 26.2% (risk dif-
ference 6.6%) for TLR and 11.9% and 2.8% (9.1%) for
major amputation (see supplementary materials Table S.1).
This resulted in total projected 24-month costs of €10,791
and €9761 (incremental costs €1030) for the status quo and
DCB strategy in the Dutch analysis, and in corresponding
total costs of €5175 and €4662 (— €513) in the German
analysis. DCB index treatment cost was €615 and €332
higher than status quo index treatment cost in the Dutch
and German analysis, respectively. These higher index
costs were more than amortized by 24-month follow-on
costs that were €1645 and €846 lower than those of the
status quo strategy in the Dutch and German setting,
respectively (Fig. 1).

24-month-calculated QALYs for the DCB and status
quo strategies were 1.496 and 1.479 (4 0.017) and 1.473
and 1.456 (+ 0.017) QALYs in the Dutch and German
analyses, respectively, based on lower reintervention and
amputation rates in the DCB strategy. The combination of
lower total costs and improved outcomes over 24 months
rendered DCB the dominant treatment strategy in both
country settings.

Sensitivity analyses found the DCB strategy to remain
cost saving across the majority of tested scenarios (Fig. 2)
and thus dominant on the basis of reduced cost at con-
current gain in QALYs (Suppl. Table S.2). The DCB
strategy was found to be associated with higher cost in only
three scenarios as follows: (1) higher DCB amputation rate
of 6.0% based on the pooled DCB study evidence, (2) no
amputation benefit of DCB compared to the status quo
strategy, and (3) a hypothetical extreme scenario in which
DCB incurred only 25% of the TLR and amputation ben-
efits compared to status quo. For these three scenarios, the
DCB strategy remained cost-effective despite higher cost
(see supplementary materials Table S.2). Limiting the
analysis horizon to only 12 months, the reported clinical
follow-up time in the IN.PACT Global CLTI subcohort
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Fig. 1 24-month-projected TLR and amputation events, and costs for status quo and DCB treatment (by country). Abbreviations: TLR: target
lesion revascularization; DCB: PTA with drug-coated balloon; Status quo: status quo PTA with plain balloon

[18] rendered the DCB strategy still dominant in both
country settings. Extending the analysis horizon to
36 months made findings more favorable than at 24-month
follow-up. Under the assumption of two DCB devices used
per procedure, DCB remained the dominant strategy in
both the Dutch and German analyses. DCB remained cost-
effective at ICERs of €7848 and €32,132 per QALY in
explored hypothetical scenarios of three or four DCB
devices used in the German context, where incremental
device reimbursement is available for up to four devices.
Only considering the TLR reduction effect, and no effect
on amputation rates, still rendered DCB cost-effective,
albeit at higher overall cost. Conversely, for a scenario
where no TLR reduction effect of DCB was considered, but
the base case assumption about reduction in amputation
rates was maintained, DCB remained dominant—associ-
ated with improved outcomes at overall cost savings.

Under assumption that all index procedures and
endovascular reinterventions in the Dutch analysis were
conducted in the surgery setting which is associated with
higher specialty-specific procedure reimbursement, DCB
remained dominant, at overall higher total savings over
24 months. Dominance was also maintained under
assumption that all index procedures and endovascular
reinterventions were performed in the interventional radi-
ology setting which is associated with lower procedure
reimbursement. For both countries, variation in status quo
major amputation rate had the highest impact on the cost
difference between the two strategies, followed by varia-
tion in status quo TLR performance (see Fig. 2 and sup-
plementary materials Table S.2).

Discussion

This study, based on recently reported DCB performance
data in patients suffering from CLTI caused by femor-
opopliteal artery disease, found DCB to be associated with
favorable health economic value profile in two European
country contexts. To the authors’ knowledge, this is the
first study that has evaluated the cost-effectiveness of DCB
in this more diseased cohort with a higher risk of ampu-
tation. As such, it complements findings of prior studies
reporting on the cost-effectiveness of DCB in intermittent
claudication populations [11, 16, 19].

Compared to QALY gains reported in IC studies, the
projected gain suggests a higher effect (4 0.017 QALYs
over 24 months) in the CLTI cohort when compared to the
0.011 QALYs reported by Katsanos et al. [11] in a similar
model-based projection and to the 0.01 QALY reported in
an analysis of the IN.PACT SFA trial [19]. This higher
QALY gain can primarily be explained by the additional
consideration of major amputation events, which were not
relevant in the IC studies.

The study’s findings about cost difference associated
with DCB treatment are, directionally, in line with the
findings of the earlier studies on patients with IC, which
suggested that higher index procedure costs in the DCB
strategy are partly or fully amortized over 24-month fol-
low-up on the basis of reduced reintervention rates
[11, 16, 19]. However, these follow-on savings seem more
pronounced in the CLTI cohort, mainly driven by the
additional consideration of avoided amputation events.

An interesting observation in the Dutch analysis is the
pronounced difference between specialty-specific cost to
payers for endovascular procedures. The same procedure, if
conducted by the surgical as opposed to interventional

@ Springer



J. B. Pietzsch et al.: Cost-Effectiveness of Drug-Coated Balloons in CLTI...
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Fig. 2 Tornado diagram showing cost difference between DCB and
status quo strategies for The Netherlands (A) and Germany (B).
Abbreviations: TLR: target lesion revascularization; DCB: PTA with
drug-coated balloon; Status quo: status quo PTA with plain balloon
and primary or bailout stenting, if applicable. Tornado diagrams
reflect the uncertainty of the result depending on variation in input
parameters. Diagrams are ranked to show parameter with the highest

radiology specialty, drives starkly different reimbursement,
with corresponding effects also on the cost-effectiveness of
DCB therapy. Dutch reimbursement amounts in the inter-
ventional radiology setting are approximately comparable
to the reimbursement amounts in Germany, while surgery
specialty reimbursement is around three times higher,
driving the higher total procedure costs in the Dutch
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impact on analysis result first. Negative values reflect an overall cost
saving of the DCB versus the status quo strategy. The centerline
reflects the base case cost difference (— €1,030 in The Netherlands,
— €513 in Germany). For all scenarios where cost difference
was < €0, DCB was found dominant; for all scenarios where cost
difference was > €0, DCB was found to be cost-effective in light of
projected QALY gains (see supplementary materials for details)

analysis compared to the German analysis. The reason for
the higher surgery reimbursement is based on the reim-
bursement grouping in the surgical field, where a multitude
of procedures are linked to the same DRG code, which is
associated with a comparably high payment for the pro-
cedures investigated in this study. This is different from the
German setting, where a designated DRG reimbursement is
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defined that applies independent of the specialty perform-
ing the procedure. This is the primary reason for the higher
payer cost of both the status quo and DCB strategies in the
Dutch setting.

The current study is subject to limitations. First, because
the IN.PACT Global study was a single-arm study, any
incremental comparison could only be made based on
evidence from other endovascular treatment studies in
CLTI patients. While the performed systematic literature
search provided a rigorous approach to evidence identifi-
cation, it yielded only five studies that could be used for
reference, contributing a total of 192 patients that provided
TLR data, with no further sub-assessment of drug-eluting
vs. plain technology outcome possible. However, the lim-
itations of available comparator data were addressed by
performing extensive sensitivity analyses, which showed
that cost-effectiveness findings were robust, even for the
extreme instance where conventional therapy was assumed
to be associated with a lower TLR rate than the DCB
strategy. Because of the inclusion criteria of the IN.PACT
Global study, the CLTI subcohort encompasses a higher
proportion of Rutherford 4 patients compared to the iden-
tified controls. While this introduces an inherent limitation,
this concern was addressed by exploring extensive sensi-
tivity analyses, specifically around the amputation rate.
Second, based on the uncontrolled trial data and reliance on
reimbursement cost and literature-based utility estimates as
opposed to data collected along-the-trial, the study does not
meet the stricter criteria of a formal cost-effectiveness
evaluation. However, the study’s objective was to evaluate
cost-effectiveness from a payer perspective, reflecting
current real-world cost implications to healthcare payers
based on amounts they need to spend with one vs. the other
interventional strategy. Third, the analysis did not assume a
potential mortality difference between the DCB and status
quo strategies. It could be argued that elevated risk for
amputation in the status quo group might also be associated
with increased mortality in that group. The mortality data
reported in the comparator studies might support this
conjecture, as shown in the mortality data tabulated in the
supplementary materials [23, 24]. However, any such dif-
ference cannot be proven. Finally, the results of the current
study are based on the IN.PACT Global clinical study,
which used a urea excipient DCB. The findings therefore
do not translate to other DCB devices, unless their clinical
outcomes are comparable.

In conclusion, urea excipient drug-coated balloon ther-
apy for treating CLTI from femoropopliteal artery disease
is associated with improved patient outcomes at overall
cost savings to payers in the Dutch and German healthcare
systems, rendering it a cost-effective and likely dominant
treatment strategy.
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