CURRENT TRENDS
IN PCI

Current Use of Coronary
Drug-Coated Balloons

A review of technical considerations and clinical applications and a discussion of what's next

in drug-coated balloon technology.

BY ROBERT M. BERSIN, MD, MPH

n 1977, coronary angioplasty revolutionized the

approach to coronary revascularization. The clini-

cal benefits of a minimally invasive approach to

coronary revascularization were immediately recog-
nized; however, the limitations of balloon angioplasty,
including vessel dissection, elastic recoil, constric-
tive remodeling, and intimal hyperplasia, were also
acknowledged. Coronary stents later successfully
addressed the acute complications of vessel dissec-
tion, as well as the problems of elastic recoil and
constrictive remodeling. Bare-metal stents (BMSs)
did not affect the development of intimal hyperplasia
but led to the creation of a new clinical problem—in-
stent restenosis (ISR), which continues to occur with
a frequency of 20% to 35% in real-world application
of BMSs. This led to the important development
of drug-eluting stents (DESs), with local delivery of
antiproliferative agents to the vessel wall, which have
been successful in reducing the incidence of prolifera-
tive ISR to <5%." However, antiproliferative drugs also
delay endothelialization of the stent, with the conse-
quence of an increased risk of late stent thrombosis,
which currently necessitates longer-term use of dual-
antiplatelet therapy (DAPT) with balloon angioplasty
or application of BMSs.

Around the time that the first coronary DES (Cypher,
Cordis Corporation) was introduced in Europe in
2002, Ulrich Speck, PhD, and Bruno Scheller, MD, set
out to develop a novel method for local antiprolifera-
tive drug delivery that was not stent-based in order
to overcome some the limitations of DESs. This would
also broaden the applications of local antiproliferative
drug delivery to coronary lesions not suited for stent-
ing and for other vascular applications where stenting
had been problematic (eg, infrainguinal lower extrem-
ity vessels). Prof. Speck, who developed the contrast
agent iopromide (Ultravist, Bayer HealthCare) in 1979,

collaborated with Prof. Scheller to use iopromide as a
vehicle to deliver paclitaxel on coronary balloons and
completed a series of animal experiments that proved
that the contrast agent facilitated drug delivery, tissue
uptake, and reduced reactive hyperplasia in a porcine
coronary stent model. They also completed important
dose range experiments that confirmed that a pacli-
taxel dose of = 3 pg/mm? was optimal for inhibition of
neointimal proliferation.

Subsequently, they developed the Paccocath coro-
nary drug-coated balloon (DCB) (Bayer HealthCare/
Medrad), and the first coronary application was in
coronary ISR lesions (PACCOCATH ISR 1) in 2003. The
PACCOCATH ISR | trial demonstrated significantly
better angiographic results with the Paccocath DCB
as compared to uncoated balloons (in-segment late
lumen loss [LLL] of 0.48 mm vs 0.86 mm; P = .002).2
The subsequent trial, PACCOCATH ISR II, validated
these findings in a larger series of patients and
also demonstrated the continued benefit of the
Paccocath DCB at 2 years.> The positive findings of
the PACCOCATH ISR | and Il trials berthed the indus-
try of paclitaxel DCBs with dosing of 2 to 3 pg/mm?
and a number of different excipients for drug reten-
tion and delivery. Currently, there are nine different
coronary DCBs that have CE Mark approval in Europe
(Table 1).4

TECHNICAL CONSIDERATIONS
Lesion Preparation

The principal advantage of a DCB is the ability to
deliver antiproliferative drugs without a stent, which
is advantageous in ISR where multiple stent layers are
not desirable, in cases in which DAPT is not desirable
or cannot be tolerated, and when the need for repeti-
tive treatments is anticipated. The main disadvantage
of DCBs is that because there is no stent scaffold, the
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TABLE 1. DCBs CURRENTLY CE MARK APPROVED AND MARKETED IN EUROPE

Manufacturer Product Name Drug, Dose Excipient
Aachen Resonance GmbH Elutax Paclitaxel, 2.2 pg/mm? Dextrane

B. Braun Interventional SeQuent Please Neo Paclitaxel, 3 pg/mm? lopromide
Systems, Inc.

Biosensors International Biostream Paclitaxel, 3 pg/mm? Shellac
Group, Ltd.

Biotronik Pantera Lux Paclitaxel, 3 pg/mm? Butyryl-tri-hexyl citrate
Boston Scientific Corporation | Agent Paclitaxel, 2 pg/mm? Citrate ester
Cardionovum GmbH Restore DEB Paclitaxel, 3 pg/mm? Safepax
Eurocor GmbH Dior Paclitaxel, 3 pg/mm? Shelloic acid
iVascular Essential Paclitaxel, 3 pg/mm? Organic ester
Medtronic In.Pact Falcon Paclitaxel, 3 pg/mm? Urea

acute results are the same as those of percutaneous
transluminal angioplasty (PTA), with more elastic recoil,
less acute gain, and a higher incidence of dissection than
with a stent platform. For this reason, lesion prepara-
tion becomes critically important to optimize acute gain
before application of a DCB.

In 2011, the German Drug-eluting Balloon Consensus
Group published their recommendations for use of
DCBs in a variety of clinical situations, including ISR,
small vessels, and bifurcation lesions.> The recommenda-
tion was to predilate in all cases with a balloon-to-vessel
ratio of 0.8:1 of the reference vessel diameter to achieve
a residual percent diameter stenosis of < 30% before
application of a DCB. This recommendation has been
applied to most clinical trials of DCBs that have been
subsequently performed. Further support of this recom-
mendation was demonstrated by a retrospective study
of long-term clinical outcomes of 166 patients with ISR
treated with DCBs, in which inadequate predilation
(defined as a = 30% diameter stenosis, < TIMI 3 flow,
or major dissection) was found to be an independent
predictor of subsequent target lesion revascularization
(TLR), which only became apparent after the first year
of treatment.®

Given the importance of adequate vessel preparation
prior to DCB application, attention has also been paid to
the use of focal and/or scoring balloons prior to apply-
ing a DCB. The RESCUT trial’ established the benefit of
cutting-balloon PTA in reducing balloon slippage and
the need for unplanned stenting in ISR lesions. The ISAR
DESIRE IV trial evaluated use of the AngioSculpt scoring
balloon (Spectranetics Corporation) versus a standard
PTA balloon for predilation prior to application of a DCB

in ISR lesions. This trial demonstrated a better percent
diameter stenosis and a lower restenosis rate at 6- to
8-month angiographic follow-up.2 The SQP SVD Japan
trial randomized patients to the Lacrosse NSE scoring
balloon (Goodman Co,, Ltd.) or a standard PTA balloon
prior to applying a DCB in de novo small vessel disease.
This trial demonstrated a lower percent diameter ste-
nosis and need for acute bailout stenting in vessels 2

to 2.1 mm in diameter.? There is also some evidence
that devices that cut or score the intima may facilitate
drug delivery and uptake, which could further enhance
DCB effectiveness. Use of focal and/or scoring balloons
for vessel preparation prior to DCB is increasing, and
research is being conducted on drug-coated versions of
these balloons.

Dissections and Bailout Stenting

Endovascular use of DCBs in non—flow-limiting dis-
sections does not negatively impact the effectiveness
of DCBs in terms of LLL.™® In coronary applications,
most non—flow-limiting dissections heal and do not
negatively affect clinical outcomes if they are left
untreated after application of a DCB."" Bailout stent-
ing of non—flow-limiting dissections after DCB use is
therefore discouraged. However, when bailout stenting
is needed for the treatment of a flow-limiting dissec-
tion after applying a DCB, use of a BMS significantly
increases LLL, restenosis, and the need for subsequent
reinterventions.'>'? As a result, if a flow-limiting dissec-
tion occurs during vessel preparation, then application
of a DES is recommended.’ If a flow-limiting dissection
occurs after use of a DCB, another study suggests the
application of a DES is safe and associated with supe-
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rior outcomes, perhaps as a result of the synergistic
actions of two antiproliferative drugs.™

Anticoagulation and Stent Thrombosis

The German Drug-eluting Balloon Consensus Group
recommends 4 weeks of DAPT for patients undergo-
ing a stand-alone procedure with a DCB and 6 to 12
months of DAPT for patients who receive either a bail-
out BMS or DES.? Clinical trials of coronary DCBs have
largely followed the recommended 4-week course of
DAPT in the DCB arms, and there has been no signal to
suggest a safety concern, which makes the use of a DCB
a good strategy in cases in which prolonged DAPT is
not desirable or contraindicated. Rates of stent throm-
bosis with DCBs has been very low in the ISR trials,
ranging from 0% to 1.4% (average, 0.4%)." By compari-
son, the Resolute DES (Medtronic) has the lowest long-
term stent thrombosis rates: 2.1% at 1 year and 2.5% at
2 years in ISR applications.’

Moreover, the PEPCAD China ISR trial reported high-
er all-cause mortality, all-cause mortality or myocardial
infarction, and cardiovascular death or myocardial
infarction at 2 years with a paclitaxel DES as compared
to a paclitaxel DCB in ISR lesions.” The BELLO trial
reported a lower overall major adverse cardiovascular
event rate with a paclitaxel DCB as compared with a
paclitaxel DES at 3 years in small vessels.’ Based on
these long-term observations, use of DCBs appears
safer than paclitaxel DESs despite having a recom-
mended duration of DAPT that is considerably shorter.
However, more data are needed to determine if DCBs
are safer than second-generation everolimus-eluting
stents (EESs).

CLINICAL APPLICATIONS
In-Stent Restenosis

Coronary ISR was the first obvious application of
DCBs. Given the favorable findings of the Paccocath
DCB as compared to uncoated balloons and coronary
artery ISR, as well as two subsequent positive trials
of DCBs versus uncoated balloons in DES restenosis,
the field rapidly evolved to compare DCBs to DESs
in ISR lesions. Three randomized clinical trials have
compared DCBs to DESs in BMS restenosis lesions
(PEPCAD II ISR, RIBS V,% and Pleva et al?'), and three
randomized trials have compared DCBs to repeat
DES in DES restenosis (RIBS IV,?? ISAR-DESIRE 3,2
and PEPCAD China ISR?). In the randomized trials
comparing DCBs to DES in BMS restenosis, PEPCAD
Il ISR demonstrated equivalent outcomes at 1 and 3
years, and the most recently published trial by Pleva
et al demonstrated lower LLL and equivalent clinical
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outcomes as compared to an EES. Only the RIBS V
trial demonstrated better outcomes with a DES. Of
the three randomized trials comparing DCBs to DESs
in DES restenosis, ISAR-DESIRE 3 showed equivalent
clinical outcomes up to 3 years, and PEPCAD China
ISR showed superior clinical outcomes with DCBs at
2 years. Only RIBS IV showed better outcomes with
repeat DES. The RIBS IV and V trials were criticized for
accepting up to a 50% stenosis prior to application of
the DCB and for having a disproportionately high TLR
rate in patients with restenosis in the DCB arm (ratio
of TLR to restenosis, 74% in DCB arm vs 47% in the
EES arm), suggesting differing thresholds for reinter-
vention, depending on whether there were one or two
layers of stent already present.?

Several meta-analyses of coronary ISR clinical tri-
als have been performed, with the most recent and
inclusive performed by Siontis et al.2® All treatment
strategies for coronary ISR lesions were reviewed, and
the authors concluded that “two strategies should
be considered for treatment of any type of coronary
ISR: PCI [percutaneous coronary intervention] with
EES because of the best angiographic and clinical
outcomes, and DCB because of its ability to provide
favorable results without adding a new stent layer.”
This analysis was performed prior to the publication of
the study by Pleva et al in BMS restenosis that showed
less LLL and equivalent 1-year clinical outcomes with
scoring balloons to predilate, followed by the SeQuent
Please DCB (B. Braun Interventional Systems, Inc.)
as compared to the Promus Element stent (Boston
Scientific Corporation). Nonetheless, evidence suggests
equivalent clinical outcomes with DCBs as compared
to repeat DES use, especially when optimal lesion prep-
aration is performed prior to DCB application. DCBs
now have a level IA indication for treating coronary ISR
in Europe.”

De Novo Lesions

Vessel diameter and lesion length remain the two
most powerful predictors of restenosis after PCI. Small
vessels have posed challenges to treatment with stents,
which makes the concept of using DCBs in this setting
attractive if the acute problems of elastic recoil and dis-
section with PTA can be managed with better vessel
preparation. The BELLO trial randomized patients with
vessels < 2.8 mm in diameter and < 25 mm in length
by visual estimates to either a paclitaxel DCB or a
paclitaxel DES.28 Treatment of small vessel disease with
a paclitaxel DCB was associated with less angiographic
LLL and similar rates of restenosis and revascularization
as compared with a paclitaxel DES at 6 months,?® and
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TABLE 2. SIROLIMUS DCBs

Company Product Drug Concentration Delivery Agent

Abbott Vascular NA Zotarolimus 6-7 pg/mm? lopromide matrix

Caliber Therapeutics, | Virtue DCB* Sirolimus nanoparticles | 3 mg Porous balloon

Inc.

Concept Medical Inc. | Magic Touch DCB* Sirolimus nanoparticles | 1.3 ug/mm,? Phospholipid excipient
Xtreme Touch DCB 3 pg/mm?

MA. Med Alliance SA | Selution DCB* Sirolimus nanoparticles | 1 pg/mm? CAT

Sahajanand Medical NA Sirolimus 0.7 pg/mm? PLGA/PVP 50/50

Technologies Pvt. Ltd. coating

*The Virtue, Magic Touch, and Selution DCBs are currently in human clinical trials.

Abbreviations: CAT, cell adherence technology; NA, not available; PLGA, polylactic-co-glycolic acid; PVP, polyvinyl pyrrolidone.

at 3 years, the composite major adverse cardiovascu-
lar event rate was significantly lower in the DCB arm
(14.4% vs 30.4%; P = .0015).18

A network meta-analysis of published PCl out-
comes in small vessels concluded that early-generation
sirolimus-eluting stents (SESs) yielded the most favor-
able angiographic and clinical outcomes for the treat-
ment of stenoses in small coronary arteries.?> Whether
DCBs have equivalent outcomes to SESs or EESs in
small vessels is now the subject of significant research
and is being evaluated in the BASKET-SMALL2 trial
(NCT01574534), which is randomizing 750 patients
with vessels < 3 mm to either the SeQuent Please DCB
or the Xience EES (Abbott Vascular). Other potential
applications of DCBs are in bifurcation lesions, espe-
cially side branch lesions that are normally treated
with PTA, but further research is needed to determine
if there is benefit in this lesion subset.

WHAT’S NEXT?
Scoring and Focal DCBs

Combining a scoring or focal balloon with drug
delivery makes intuitive sense, and the positive effect
of using the AngioSculpt balloon prior to a DCB on
angiographic percent diameter stenosis and restenosis
in the ISAR DESIRE IV trial sparked the development of
drug-coated scoring and focal balloons. The PATENT-C
trial randomized patients with coronary ISR to the
AngioSculpt scoring balloon or to a paclitaxel-coated
AngioSculpt and demonstrated superior angiographic
outcomes in the paclitaxel-coated AngioSculpt group
at 6 months, with LLL of 0.17 + 0.40 mm, resteno-
sis rate of 7%, and a TLR rate of 3% compared with
an LLL of 0.48 £ 0.51 mm, 41% restenosis rate, and
32% TLR rate in the uncoated AngioSculpt group.*

At 2 years, clinically driven TLR was still only 3.3%.3!
The Chocolate focal balloon is also now coated with
paclitaxel (Chocolate Heart, QT Vascular Ltd.). The
first-in-human trial of the Chocolate Heart demon-
strated an average LLL of 0.01 mm and a TLR rate of
5% at 6 months. These early findings were sufficient
for CE Mark approval in Europe, and a US Food and
Drug Administration investigational device exemption
has been approved to begin enrollment in the United
States. These early results are encouraging, and there
is promise that combining scoring and focal balloon
technologies with drug delivery will lead to superior
DCB outcomes in the future. Both the AngioSculpt
and Chocolate DCB devices are also being developed
for peripheral applications.

Sirolimus DCBs

Thus far, paclitaxel has been the only drug used for
local balloon delivery. By virtue of its lipophilicity and
stability, paclitaxel is more readily transferred to the
vessel wall and penetrates vessel tissue layers more
readily, allowing for easier drug delivery. On the other
hand, paclitaxel is less effective in suppressing reac-
tive hyperplasia, is associated with more LLL and more
restenosis than limus drugs, and as a cytotoxic drug,
has a much narrower therapeutic window, which may
be one of the reasons it has been difficult to demon-
strate similar effectiveness to SES and EES in coronary
applications and safety in critical limb ischemia. For
these reasons, there is a growing movement to develop
an effective limus DCB. The challenge has been how to
deliver therapeutic doses of sirolimus to vascular tis-
sues for a sufficient period of time, as tissue absorption
of sirolimus is slow and retention is short. The solution
appears to be to encapsulate sirolimus in extended-
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release nanoparticles that facilitate rapid transfer and
sustained drug release. Of the five different formula-
tions of sirolimus DCBs, three are now in human clini-
cal trials (Table 2).

The SABRE trial evaluated the Virtue sirolimus-elut-
ing balloon (Caliber Therapeutics, Inc.) in 50 patients
with coronary ISR and demonstrated a 6-month
LLL of 0.10 £ 0.31 mm in BMS restenosis lesions and
an LLL of 0.20 + 0.38 mm in DES restenosis lesions,
with corresponding 12-month TLR rates of 0% and
2.8%, respectively.?? The Nanolute Registry evaluated
the MagicTouch DCB (Concept Medical Inc.) in 167
patients with coronary ISR and reported a 12-month
TLR rate of 5.3%.3* This trial did not use angiographic
follow-up for determination of LLL, but based on
the clinical results, a larger-scale all-comers trial of
the MagicTouch (EASTBOURNE Registry) is planned.
Patient enrollment has begun for a first-in-human trial
evaluating the Selution DCB (M.A. Med Alliance SA)
in the superficial femoral artery; a coronary ISR and
a small vessel trial is also planned to begin next year.
Although the results of sirolimus-coated DCBs are
very early, there is great promise that these technolo-
gies will be successful and lead to better DCB out-
comes, as well as potentially expanded applications
to other vascular territories, including below the knee
and cerebrovascular, where paclitaxel DCBs have not
been effective. ®
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