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Proven
 

effectiveness
 

of Paclitaxel
 

to prevent
 

restenosis

Paclitaxel
 blocks

 transition
 between

 metaphase
 

and 
anaphase

 
and 

induces
 

cell
 death

Paclitaxel
 

targets
 

microtubules



Approach: Paccocath

Scheller

 

and Speck et al. Circulation 2004; 110: 810 -
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Coronary arteries of pigs





DES Issues

1) Stent Fractures in the SFA
 2) Polymer: Adverse Effects

 3) Delayed Healing



Zilver®
 

PTX™

•
 

Paclitaxel only
–

 
No polymer or binder

–
 

3 µg/mm2
 

dose density

•
 

Zilver®, self-expanding nitinol stent



DEB Concept



Failure:

Some DCBs
 

Work,  others Do NOT

10

TLR at 2 years

Indication Study Formulation DCB POBA TAXUS

Coronary ISR
Paccocath

 

ISR I & II1,2

Paclitaxel

 

+ 
Iopromide

4% 37%
PEPCAD II3* 6% 15%

SFA
THUNDER4 15% 52%
FemPac5 13% 50%

TLR at 9 months

Indication Study Study Flaw DCB TAXUS CYPHER
Small Vessel CAD Piccoleto6* Paclitaxel

 

Alone 32% 10%

DeNovo

 

CAD PEPCAD III7
DCB w/Pre-crimped 

stent vs

 

DES 11% 5%
6Cortese 2009 PCR Presentation: Paclitaxel‐eluting balloon versus paclitaxel‐eluting stent in small coronary vessel disease; 

 
*TLR at 6 months for Piccoleto. 7Hamm 2009 AHA resentation:  Paclitaxel‐eluting PTCA‐Balloon in Combination with the 

 
Coroflex

 

Blue Stent vs

 

the Sirolimus

 

Coated Cypher

 

Stent in the Treatment of Advanced Coronary Artery Disease

1Scheller 2006 NEJM 355(20):2113‐24. 2Scheller 2008 Clin

 

Res Cardiol

 

97(10):773‐81. 3Unverdorben 2009 CIRC 119(23):2986‐94; *TLR at 1 years 

 
for PEPCAD II; follow‐up ongoing but only 12 month data reported. 4Tepe 2008 NEJM 358(7):689‐99.  5Werk 2008 CIRC 118:1358‐65. 

Success:



Market strategy
 

report

Paclitaxel
 

+ Shellac



Competition: patents



Competition: patents



Competition: patents



DEB appearance



Shellac: non-milky
 

appearance

Compared
 

to 
competitive

 
products

 Shellac
 

gives balloon a 
shiny appearance



Coating
 

surface: non-crystallin

Submicron
 

layer-by-layer
 

coated
 

phase
 

separated
 paclitaxel-shellac

 
films

 
with cracks



Coating
 

surface: non-crystallin

Low risk
 

of micro-embolism



Production
 

technology

•
 

Micropipetting
 

technology

•
 

Micropipetting
 

ensures homogeneous and 
controllable method of coating 

• Coating layer by layer

• No-thickening by layer coating
• Only 6 µm layer thickness



Production
 

technology

Advantages of the micropipetting
 

technology

• dose control
• Homogeneous coating over length and diameter
• Reproducibility of appearance, dosage, homogeneity
• Balanced adherence and drug transport properties

Requirement Dose control Reproducibility Homogeneity Effect

Spray coating Poor Good Very

 

good Mid

Dip

 

coating Very

 

poor Poor Poor Very

 

low

Micropipetting Very

 

good Very

 

good Very

 

good High



Production
 

technology

• Micropipetting
 

allows
 

coating
 

solution      
to go into pockets under folds



Shellac
 

is
 

not
 

a polymer

coated
 

balloon in contact
 

with 
blood

inflation



Nanoscopic
 

Paclitaxel

Nanoscopically
 

structured
 

materials
 

show
 

self-
 organization

 
of single

 
shape

 
persistent

 
molecules

 into
 

well-defined
 

supramolecular
 

structures
SFB 625, JGU Mainz



Shellac

•
 

Paclitaxel
 

balloon surface: 3 
µg/mm²

•
 

Coating method is a 1:1 
mixture of Paclitaxel

 
(Ph.Eur. 

5.0) and Shellac (Ph.Eur. 4.8)

•
 

The Coating is CE marked

•
 

Shellac is well established in 
Cosmetics, as food coating 
and Tablet coating. 

•
 

Shellac is recognized as safe 
(GRAS) by the FDA

•
 

Balloon inflation time 
recommended: 30 –

 
45 sec. @ 

nominal balloon pressure

The optical refraction of Shellac gives
balloon a shiny appearance



www.wikipedia.org

•
 

Shellac:  secretion
 product

 
of Kerria

 
lacca

• “natural
 

plastic”

www.wikipedia.org

Shellac



Shellac



• food
 

addition
 

(E904)

•
 

tablet
 

coating
 (resistant

 
to gastric

 
acid)

Shellac

Vorführender
Präsentationsnotizen
Löst keine Allergien aus > Nahrungsmittelcoating und Tablettenbeschichtung
Seit Jahrzenten in der Lebensmittelindustrie im Gebrauch.
35 Jahre ohne Nebenwirkungen



Evaluation of Shellac
 

in case
 

of coating
 for

 
intravascular

 
intruments

 
–

Test of in vitro-compatibility

Kirsten Peters1*

1Arbeitsbereich Zellbiologie (*Nachwuchsgruppe), Universität Rostock



Experimental design

•
 

The absence of endothelialization
 

can lead to 
thrombosis [Van Belle et al., 2007]

•
 

Polymers could be a trigger for an 
inflammatoric

 
reaction

•
 

An inflammatoric
 

reaction is responsible for a 
delayed reendothelialization

 
and could cause 

destruction of neointima



Experimental design

•
 

Shellac coating was performed by spraying a 
commercially available shellac suspension on 
glass and polished titanium alloy discs

•
 

Investigated cell types: Human dermal EC 
(HDMEC)  and humane smooth muscle cell 
(HSMC)

•
 

Exposition with extraction product and direct 
contact

•
 

Investigation of metabolic activity

• Investigation of pro-inflammatoric
 

response



Evaluation of metabolic activity

•
 

Shellac extraction products did not show any 
impairment of EC and SMC viability, 
proliferation as well as metabolic activity.

Metabolic
 

cell
 

activity



Endothelial cell phenotype in contact to shellac

•
 

Human dermal EC 
(HDMEC) in vitro

 
in 

direct
 

contact
 

to 
shellac

 
coating

 (scanning
 

electron
 microscopy)



Interendothelial
 

contacts in vitro

Control

F-
 Aktin

CD31

TNFα
 

(300 U/ml, 24 h)



Interendothelial
 

contacts in vitro

F-
 Aktin

CD31

No sign
 

of 
activation

Human dermal EC (HDMEC) in vitro
 

after
 

24 h cell culture supernatants 
with Shellac extraction products 



Pro-inflammatory activation?

No increase in 
pro-inflammatory 
activation 
(shown by IL-8 
release) 
observed

IL-8-release
• Shellac extraction product (24 h extraction)
•

 
Exposure of confluent Human dermal EC (HDMEC) with extraction 

product (24 h extraction) 
• TNFα

 
as positive control group

Vorführender
Präsentationsnotizen
TNF alpha is a multifunctional proinflammatory cytokine that belongs to the tumor necrosis factor (TNF) superfamily.��tumour necrosis factor  (TNF)



Endothelial
 

surface
 

of porcine
 

coronary
 

arteries
 after

 
Dior balloon

 
dilation

Artery
 

post-paclitaxel-
 eluting

 
stent: small

 
amount

 of drug
 

penetrated
 

into
 

the 
arterial

 
wall, uneven

 
drug

 distribution

Artery
 

post-paclitaxel-eluting
 Dior balloon: 

large amount
 

of drug
 

within
 

the 
arterial

 
wall, uniform drug

 distribution



Artery
 

tissue
 

paclitaxel
 

concentration

0

50

100

150

200

250

300

distal reference dilated segment proximal reference

45 min 12 h

µM/L

0

10

20

30

40

50

distal reference middle dilated segment proximal reference

1.5 h 12 h 24 h 48 h 4 days

Dior DEB previous
 

coating

Dior DEB current
 

coating

µM/L



Time-dependent
 

tissue
 

concentrations
 

of paclitaxel
 

from
 

the Dior balloon
 

N=29****
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Gyöngyösi

 
et al



Inflation time-dependent
 

tissue
 

paclitaxel
 

concentration
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Histological
 

results
 

14 days
 

post-Balloon
 

overstretch
 

injury

neointima

media

adventitia

Uncoated
 

balloon Dior balloon



Quantitative histological
 

results
 

N=12 *
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p=0.045

**Gyöngyösi
 

et al



Shellac







DEB –
 

Randomized Clinical Trials

•
 

Peripheral artery disease
–

 
THUNDER (SFA)

 
/ uncoated balloon

–
 

FemPac
 

(SFA)
 

/ uncoated balloon
–

 
Piccolo (ongoing)

 
(BTK)

 
/ uncoated balloon

–
 

CopaCobana
 

(SFA in-Stent)
 

/uncoated balloon
–

 
River (SFA-US)

 
/ uncoated balloon

–
 

Euro-Canal and US-Canal

‘Non-PACCOCATH’
 

–
 

randomized clinical trials for PVD
 

-
 

Advance 18 (POBA vs. DCB): Cook, 100/100 patients randomized
 -

 
Levant I (POBA vs. DCB): Lutonix, 100/100 patients randomized (Levant II planned)

 -
 

In.pact
 

SFA: Invatec
 

–
 

Euro/US Study start QIII/2010
 -

 
In.pact

 
Deep: Invatec

 
BTK vs. POBA

 -
 

EuroCor: 2 studies in SFA
 -

 
further studies with other DCB and other drugs in the near future



FREEWAY STENT STUDY

Principal Investigator:
Prof. Dr. med. Josef Tacke

Institut für diagnostische und interventionelle

 

Radiologie und Neuroradiologie
Klinikum Passau

Innstr. 76
94032 Passau

Germany
josef.tacke@klinikum-passau.de

Stent angioplasty with Paclitaxel-coated balloons versus 
plain stent angioplasty for prevention of restenosis

due to intimal
 

hyperplasia in peripheral arterial occlusive 
disease



Objective and study design

Comparison of Paclitaxel-Coated Balloon (FREEWAY)  with 
POBA in case of postdilation

 
of Nitinol

 
stents in the treatment of 

superficial femoral (SFA) or popliteal
 

arteries (P I segment).

Prospective, randomized, multi-center, two-armed phase-III study 
conducted in Austria and Germany.

200 patients

Design: POBA versus FREEWAY®

Primary endpoint:

Rate of clinically driven target lesion revascularization at 6 months *



Flowchart



FREERIDE STUDY

Principal Investigator:

Prof. Dr. med. Karl-Ludwig Schulte
Vascular

 

Center Berlin /Dept. Internal

 

Medicine
Ev. Hospital Königin Elisabeth Herzberge 

Academic. Teaching Hospital of the

 

Charité

 

Herzbergstraße

 

79, 10365 Berlin, Germany

Prospective, Randomized, Controlled, Multicentre, 
Open Study

Release of Paclitaxel
 

during PTA versus PTA alone for 
the treatment of de-novo occluded, stenotic

 
or, 

reoccluded, restenotic
 

superficial femoral (SFA) or 
popliteal

 
arteries



Objective and study design

Comparison of Paclitaxel-Coated Balloon (FREEWAY)  with 
POBA in the treatment of de-novo occluded, stenotic

 
or, reoccluded, 

restenotic
 

superficial femoral (SFA) or popliteal
 

arteries.

Prospective, randomized, multi-center, two-armed phase-III study 
conducted mainly in Europe.

280 patients

Design: POBA versus FREEWAY 035®

Primary endpoint:

Rate of clinically driven target lesion revascularization (TLR) at 6 months *



Flowchart



Conclusion on DEB Technology for PVD

Two independent trials showed efficacy of 
paclitaxel

 
balloons

BUT
Enthusiasm based on 100 patients (Thunder, FemPac)
We have to learn about limitations (e.g. with stents, 
dose effect, calcification)
Europe: more than 5 different DEBs under 
development + available:
despite the same drug: some will work other will not!
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