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Opinion statement

Drug-coated balloons (DCBs) provide a novel method to locally deliver paclitaxel into the
arterial wall without the need of a chronically implanted delivery system. Following the
first positive pilot studies, two large pivotal trials have confirmed superiority of DCBs over
plain old balloon angioplasty (POBA) in the treatment of TASC II A and B femoro-popliteal
lesions. Even for more complex femoro-popliteal lesions such as long lesions and in-stent
restenosis, single-center studies and small randomized studies have shown promising mid-
term technical and clinical results. This review article summarizes the current knowledge
about DCBs in femoro-popliteal interventions, supplements published guidelines with
evidence-based recommendations, and discusses still unresolved needs.

Introduction

Despite an initial technical success rate of more than
95 % for percutaneous transluminal angioplasty to

recanalize the femoro-popliteal artery using dedicated
crossing and re-entry devices [1, 2], recanalization



procedures are limited by restenosis rates of 20 to 65 %
of the treated segments after 6 to 12 months [3, 4].
Recently published and presented studies investigating
drug-coated balloons (DCBs) have shown a substantial
improvement of durability of endovascular treatment
[5–10, 11••]. However, DCBs basically have the same
limitations as plain old balloon angioplasty (POBA),
specifically acute recoil including undilatable calcified
lesions and severe dissections requiring provisional bare
metal stenting [7, 12•, 13, 14•].

Moreover, current drug coatings are still imperfect
with regard to drug persistence on top of the balloon
catheter during DCB insertion into and through the
sheath and target lesion as well as during balloon ex-
pansion. As a result, (1) the endovascular specialist is
potentially exposed to the antiproliferative drug, cur-
rently exclusively paclitaxel, which potentially can be
inhaled in an uncertain dose, and (2) there is a down-
stream drug distribution into tissue distal to the lesion
location with uncertain consequences (e.g., effects on
wounds in critical limb ischemia (CLI) [15••]). Current-
ly, only 10 to 20 % of the active drug is transferred into
the vessel wall [16, 17].

Appropriate drug coating of a balloon catheter sur-
face is not trivial. On the one hand, due to its lipophilic
nature, paclitaxel does not penetrate into the vessel wall
sufficiently without a co-drug, a so called spacer or
excipient. On the other hand, (1) both drugs have to

be fixed effectively on top of the balloon surface in order
to avoid significant drug loss prior to balloon expansion,
and (2) sufficient drug release into the vessel wall during
balloon expansion has to be guaranteed. In both terms,
current DCB coatings are still imperfect. Whereas crys-
talline coatings result in a higher vessel wall persistence
and, as a result, in a more effective suppression of neo-
intima hyperproliferation, amorphous coatings are
more stable on the surface of the balloon catheter with
a significant lower loss of drug during balloon insertion
into and through the sheath (Table 1).

Currently, researchers are investigating hundreds
of potential exipients in order to optimize drug
transfer into the vessel wall as well as drug persis-
tence in the vessel wall in order to optimize the
biological efficacy of DCBs and to potentially re-
duce the dose of the antiproliferative drug. Tests
with alternative antiproliferative drugs besides pac-
litaxel such as limus substances (e.g., sirolimus and
everolimus) did not yet result in a sufficient bio-
logical efficacy due to insufficient drug persistence
in the vessel wall.

Nevertheless, two large pivotal randomized con-
trolled trials (RCTs)—LEVANT 2 and INPACT SFA
[11••]—have recently confirmed the initial positive
results of pilot studies investigating different drug
coatings in the treatment of femoro-popliteal artery
lesions [5–10].

Treatment
DCBs for de novo and restenotic femoro-popliteal artery disease (TASC II A and B lesions)

Several first-in-man randomized trials and registries using first-generationDCBs
in de novo and restenotic femoro-popliteal lesions excluding in-stent restenosis
(ISR) have shown favorable technical outcomes in terms of late lumen loss
(LLL), restenosis rate, and freedom from target lesion revascularization (TLR) as
compared to POBA (Table 2) [5–10].

A meta-analysis relying on data available from some of these trials had TLR
as primary endpoint, whereas secondary endpoints were angiographic binary
restenosis, LLL, and all-cause mortality. A total of 381 patients were included
(DCBs, n=186, vs. POBA, n=195) with a median follow-up of 10.3 months.
DCB angioplasty reduced TLR rate (12.2 vs. 27.7 %; pG0.00001), angiographic
restenosis rate (18.7 vs. 45.5 %; pG0.0001), and 6-month LLL (−0.05 to
0.50 mm vs. 0.61–1.7 mm; mean difference −0.75 mm; pG0.00001). No
mortality difference was observed between DCBs and POBA [18].

In a recent subgroup analysis of the THUNDER trial, dissections did not
negatively impact the benefit of DCB angioplasty if left alone without stent
placement. At the 6-month follow-up, patients with dissection of any grade
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after treatment with DCBs had significantly lower LLL than patients with
dissection after POBA. In particular, patients with severe dissections (grade C–
E) seemed to benefit from DCB treatment. Up to the 2-year follow-up TLR was
performed in 56 % of patients in the control group compared to 10 % of
patients in theDCB group (p=0.002) [19]. Patients of the THUNDER study were
followed for 5 years. Over this study period, the cumulative number of patients
with TLR was distinctly lower in the DCB group (21 vs. 56 %, p=0.0005)
excluding a clinically significant late catch-up phenomenon after DCB angio-
plasty [20].

Currently, two large-scale international US IDE trials are still ongoing in
their long-term follow-up phase up to 5 years; however, 1-year data had been
published [11••] or presented during 2014 (LEVANT 2, K. Rosenfield, TCT
2014). Both studies enrolled patients with de novo femoro-popliteal TASC II A
and B lesions with a 2:1 randomization between DCB and POBA, the IN.PACT
SFA II trial enrolled a total of 331 patients, and the LEVANT 2 trial—the largest
DCB trial to date—enrolled a total of 543 patients. Both RCTs are supple-
mented by large-scale single-arm registries enrolling respectively 1500 (INPACT
global) and 650 patients (LEVANT registry).

The pooled randomized multicenter IN.PACT SFA I and II trials [11••]
revealed that clinically driven TLR rates were significantly lower with the DCBs
as compared to those achieved with angioplasty (2.4 vs. 20.6 %, pG0.001).
Similarly, the primary patency rate achieved with IN.PACT Admiral balloons
was 82.2 %, while the primary patency achieved with POBA was 52.5 %
(pG0.001). Primary patency at 360 days calculated by Kaplan-Meier survival
estimates was 89.8 % for the DCB group and 66.8 % for the POBA group.

In the LEVANT 2 trial which incorporated a Bblinded follow-up^ in contrast
to previous trials, the primary patency at 1 year was 65.2 % for the DCB which
was superior to that for POBA (52.6 %, p=0.015). Freedom from clinically
driven TLR in the DCB group was 87.7 % compared to 83.2 % in the control
group (p=0.208). It is uncertain why the difference in clinically driven TLR rate
was smaller as compared to the patency rate; one potential explanation is that
not each 50 % restenosis is resulting in clinically significant symptoms.

In both studies, no device-specific side effects were reported, and no major
amputation occurred. Thus, there was no safety concern regarding wash off of a
part of the antiproliferative drug into the distal vasculature. However, are both
of the studies comparable? In brief, both studies enrolled only claudicants with
femoro-popliteal lesions; lesions in the LEVANT 2 trial were slightly less chal-
lenging as compared to the IN.PACT SFA trial. Unlike to prior femoro-popliteal

Table 1. Differences in coating properties between crystalline and amorphous DCB coatings (according to J.
Granada, TCT Washington 2012)

Crystalline Amorphous
Particles released +++ ++
Uniform coating ++ +++
Drug transfer to vessel +++ ++
Drug retention versus time +++ +
Biological effectiveness +++ ++
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premarket approval studies, bailout stenting was not counted as a failure in
both trials. Table 3 compares the main lesion criteria and outcomes.

Whether blinding did affect the indication for a redo procedure with regard
to driving the TLR rate in the control group is still amatter of debate. On the first
glance, differences inDCB performance regarding primary patency and freedom
from clinically driven TLR seem to be attributed to the different coating tech-
nologies even if recent post hoc analyses seem to link inferior DCB outcomes in
the LEVANT 2 study to undersizing of the DCB. Already, preclinical animal
studies have shown that not each coating technique is equally effective. How-
ever, only a direct comparison of both DCB technologies could finally answer
this question.

The major message of the both peripheral interventional landmark trials is
that a DCB-based treatment approach for TASC II A and B femoro-popliteal
lesions achieves superior technical and clinical 1-year outcomes compared to
POBA, which is still considered the primary approach to treat easy de novo
femoro-popliteal lesions in the international guidelines. DCBs are not yet
classified in international guidelines because relevant data had not yet been
published when literature research was performed for currenly available
guidelines [21•].

According to usual international definitions, the use of DCB in femoro-
popliteal TASC IIA and B de novo and restenotic lesions would qualify as a level
of recommendation class I and a level of evidence class A. However, when
comparing different drug-based technologies such as drug eluting stent (DES),
longer-term follow-up will be needed. The recent presentation by Dr. Michael
Dake (VIVA 2014, Las Vegas) of the 5-year drug eluting stent results demon-
strated significant stability of patency and that DCBs will need tomeet a similar
benchmark. Also, of note, not every DCB is alike; each single DCB deserves its
own clinical efficacy and safety studies.

DCB for long femoro-popliteal artery disease (TASC II C and D lesions)
Two single-center registries evaluating the performance of IN.PACT Admiral
DCBs in the treatment of long femoro-popliteal lesions were either published
[22] or presented (Schmidt LINC 2014, Leipzig). In the Leipzig registry, 260
patients treated with femoro-popliteal lesions and a mean lesion length of
24 cm were followed for 1 year. Provisional stent rate was 23.3 % and 1-year
duplex-based primary patency rate for the entire cohort was 77.6 % (SFA only
82.4 % and ISR 85.2 %). The Bad Krozingen study enrolled 228 patients with
femoro-popliteal lesions longer than 10 cm (mean lesion length of 19 cm).

Table 3. Key lesion characteristics and 1-year outcomes of the IN.PACT SFA and Levant 2 studies

IN.PACT SFA Levant 2
Mean lesion length 89 mm 63 mm
Total occlusions 25.8 % 21 %
1-year primary patency control group 52.45 % 52.6 %
1-year primary patency DCB group 82.2 % 65.2 %
1-year freedom from TLR 79.4 % 83.2 %

DCB drug-coated balloon, TLR target lesion revascularization

Curr Treat Options Cardio Med (2015) 17: 18 Page 5 of 11 18



Patients were treated with either DCB or Zilver PTX DES (Cook Medical,
Bloomington, IN, USA), and outcomes were compared with use of a propensity
score based statistical analysis. Provisional stent rate in the DCB cohort was
18.3%. At 1 year, there was no significant difference between IN.PACTDCB and
Zilver PTXDES in terms of primary patency (76.1 vs. 69.9%) and freedom from
TLR [22].

According to the international definitions, the use of DCB in femoro-
popliteal TASC II C and D lesions would qualify as a level of recommenda-
tion class III and a level of evidence class C. Larger-scale international RCTs will
be needed.

DCBs for in-stent restenotic femoro-popliteal artery disease
In-stent restenosis (ISR) has been reported to occur in up to 40 % of femoro-
popliteal lesions treated with BMS within 1 year [23, 24]. Moreover, the risk of
ISR increases with increasing lesion length. The treatment of ISR in the femoro-
popliteal artery is one of the major remaining challenges of endovascular
therapy because treatment modalities such as POBA and cutting balloon an-
gioplasty have failed to provide durable results [25]. A single-center prospective
registry, including 39 patients, reported a 1- and 2-year primary patency rate of
92.1 % [26] and 70.3 % [27] following DCB angioplasty of ISR, respectively.

Just recently, the data of the randomized controlled multicenter FAIR (DCB
vs. PTA for superficial Femoral Artery In-stent Restenosis) trial was presented
(Krankenberg, LINC 2014, Leipzig). This study included 119 patients with ISR
1–20 cm in length and a mean lesion length of 8.2 cm in both study cohorts.
The 6-month restenosis rate, which was the primary endpoint, was in favor for
theDCBs as compared to POBA (15.4 vs. 44.7%, p=0.002). At 1-year, restenosis
rates were 29.5 and 62.5%, respectively (p=0.004), and freedom from clinically
driven TLR at 390 days was 90.8 and 52.6 %, respectively (p=0.0001).

According to the international definitions, the use of DCB in femoro-
popliteal ISR lesions would qualify as a level of recommendation class II and
a level of evidence class B. Larger-scale international RCTs and, as for TASC II A
and B lesions, longer-term follow-up will be needed.

DCBs in failed surgical bypass
To date, there is only one study evaluating the use of DCBs in failing venous and
prosthetic surgical bypass. Kitro et al. reported on 32 patients utilizing a
comparison of historic controls at 7 months. No patency or revascularization
improvement was suggested in this small study for DCBs [28]. This seems
somewhat unexpected since early reports of DCBs in stent-related intimal
hyperplasia appears to be very promising [25–27].

According to the international definitions, the use of DCBs in failed femoro-
popliteal bypass graft lesions would qualify as a level of recommendation class
IV and a level of evidence class C. Larger-scale RCTs are mandatory to evaluate
the role of DCB in this particular indication.

Use of DCBs Following Atherectomy
The combination of debulking followed by drug-coated technology seems an
attractive collaboration between these technologies. The DEFINITIVE LE trial
provided scientific data for procedural success, safety, and importantly 12-
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month outcomes with regards to patency for patient with claudication and CLI
using directional atherectomy (DA [29•]). In this 800-patient registry, lesions
up to 20 cm were treated with DA using the SilverHawk device (Covidien,
Minneapolis, MN, USA) as a planned stand-alone therapy in all anatomic
territories of the lower limb. Bailout stenting was needed in only 3.1 %. In the
claudicant group, primary patency was 78 % overall across all anatomic levels
and was 75 and 90 % in the femoro-popliteal and infrapopliteal loca-
tions, respectively.

Early small single-center reports of the combination of DA and DCB
have shown some promise in this approach for patients with lower limb
arterial disease. In one retrospective analysis, the combination of DA
and DCB (60 patients) was compared with DA with non-DCB angio-
plasty (29 patients). The primary patency was significantly higher in the
DCB group (84.7 %) compared with 43.8 % in the non-DCB group
[30]. Of note, in this analysis, the atherectomy outcome is inferior to
other reports including the prospective independently controlled DEFI
NITIVE LE study [29•]. Also, in heavily calcified lesions, the combina-
tion of DCB provided a 90 % 1-year freedom from clinically driven TLR
in 30 patients studied from a single center [31]. Thus, the combination
of DA with the added technology of DCBs seems to be a logical
treatment to continue with a Bleave nothing behind^ approach for
arterial obstructive disease. Just recently, the DEFINITIVE AR trial was
presented (T. Zeller, VIVA Las Vegas, 2014) being a prospective, multi-
center, pilot feasibility study designed to assess and estimate the effect
of treating vessels with DA prior to a paclitaxel-coated balloon
(DA+DCB) in order to facilitate the development of a pivotal study.
Claudicants with 7–15-cm SFA and/or popliteal lesions were random-
ized 1:1 to either DA+DCB or to DCB alone. Subjects with severely
calcified lesions were assigned to a non-randomized registry arm and
were treated with DA+DCB. A total of 121 subjects were enrolled, 48 in
the DA+DCB arm, 54 in the DCB arm, and 19 in the severely calcified
lesion DA+DCB registry group. Lesion length ranged from 9.7 to
11.9 cm. In the randomized groups, the 1-year duplex patency estimated
by Kaplan-Meier (KM) analysis was 93.4 % for the DA+DCB arm and
89.6 % for the DCB arm. Angiographic patency (≤50 % stenosis and
without TLR) was 82.4 % in the DA+DCB arm and 71.8 % in the DCB
arm. This pilot study suggests that there may be an added benefit for
combination therapy (DA+DCB) in long and calcified lesions which was
not observed in the DCB subgroup alone.

According to the international definitions, the combined use of ath-
erectomy and DCB in femoro-popliteal lesions would qualify as a level
of recommendation class II and a level of evidence class B. Further
investigation in larger, prospective, statistically powered randomized
trials is warranted.

Health economic evaluation of DCBs for femoro-popliteal artery disease
Peripheral artery disease is associated with reduced quality of life and
increased mortality and affects more than 7 million patients in the USA
and 1.2 million patients in Germany alone [32, 33]. Its treatment
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represents a growing financial burden to health care systems [34•]. Recent
cost-effectiveness evaluations tried to analyze the impact of increased
patency rates resulting in reduced TLR rates of DCBs and DES on the
mid-term costs up to 2 years [35•, 36, 37].

The most robust study summarized the clinical efficacy of four
endovascular strategies (POBA, DCBs, BMS, and DES) as index proce-
dures [35•]. Budget impacts on the current largest and most mature
market for drug-eluting peripheral therapies (Germany) and the largest
medical device market (USA) were compared. Both drug-eluting strate-
gies, DES and DCBs, are associated with lower TLR probabilities than
POBA. The 24-month probability of TLR for each treatment was
weighted by sample size. Base cases were developed for US Medicare
and the German statutory sickness fund perspectives using 2013 reim-
bursement rates.

The drug-eluting strategies had a lower projected budget impact over
24 months compared to BMS and POBA in both the US Medicare and
German health care systems. The US facility provider perspective sug-
gested that BMS would result in the greatest revenue (i.e., Medicare
reimbursement minus device costs) to the hospital ($11,490), followed
by POBA and DES, with DCBs providing the lowest revenue at $8120.
The German facility-provider analysis showed that the non-drug-eluting
therapies resulted in the highest operational margin for hospitals relative
to the drug-eluting therapies: POBA led to the highest revenue at
€3689, followed by BMS, DES, and DCB (€2533).

Another cost-effectiveness analysis based on a discrete-event simulation
model from a health service perspective in England included eight
endovascular therapies (DES, DCBs, BMS, brachytherapy, stent-grafts,
cryoplasty) versus standard of care and concluded that DCBs may be a cost-
effective alternative to POBA with bailout BMS [37].

In conclusion, DES and DCBs seem to offer clinical advantages over
POBA and BMS. DCBs and DES offer the lowest budget impact and
therefore the greatest economic value to payers. The current analyses
highlight the importance of promoting a shift from low- to high-value
treatments and balancing payers’ savings with providers’ financial
viability.

In summary, DCBs have proven to be effective in broad spectrum of
femoro-popliteal lesions in a claudicant population. Thus, also consider-
ing their cost-effectiveness in this indication (TASC II A and B lesions),
DCBs should become first-line strategy for the treatment of femoro-
popliteal disease. Based on the most recent study outcomes, there seems to
remain no indication for stand-alone POBA. For more complex lesions
such as long or calcified lesions, the combination of DCBs and bare metal
stents, DES, or the combination of DA and DCBs might be indicated. One
considerable benefit of stent less treatment strategies is the short duration
of dual antiplatelet therapy of only 4 weeks whereas it is recommended up
to 3 months for DES and the combination of DCBs and BMS. However,
there is a need for further optimization of the drug coatings in terms of
reducing drug loss during balloon insertion to almost zero percent and to
increase drug penetration and persistence in the vessel wall with the goal
of further optimization of biological drug efficacy despite reducing the
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effective drug dose on the balloon surface. Of note, every new drug
formulation has to be tested in individual clinical trials.
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