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The	
  ideal	
  delivery	
  device:	
  
	
  
would	
  deliver	
  and	
  retain	
  adequate	
  amounts	
  of	
  drug	
  to	
  the	
  vessel	
  wall	
  
	
  	
  
for	
  sufficient	
  periods	
  of	
  %me	
  to	
  ensure	
  a	
  therapeu%c	
  effect,	
  	
  
	
  
without	
  injury	
  or	
  compromising	
  blood	
  flow	
  and	
  the	
  delivery	
  device.	
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Where	
  are	
  we	
  now	
  ?	
  	
  

	
  
I	
  use	
  DCB	
  when	
  I	
  feel	
  that	
  
stent	
  is	
  not	
  the	
  best	
  choice.	
  
DCB	
  is	
  on	
  the	
  shelves	
  of	
  my	
  
cath	
  lab	
  as	
  a	
  adjuncFve	
  and	
  
complementary	
  tool,	
  not	
  to	
  

replace	
  stents.	
  
	
  

enthusiasFc	
  adopter	
  	
  

strategy	
  of	
  	
  op%mized	
  angioplasty,	
  
with	
  intension	
  to	
  finish	
  procedure	
  
with	
  DCB,	
  	
  with	
  only	
  	
  provisional	
  

stent	
  implanta%on	
  

skepFc	
  	
  

November	
  16,	
  2006.	
  	
  



Current	
  trends	
  in	
  coronary	
  interven%ons:	
  an	
  overview	
  from	
  the	
  EAPCI	
  registries	
  EuroInterven%on	
  2017;13:Z8-­‐Z10	
  	
  

Belgium	
  	
  
PCI	
  total,	
  n	
  26985	
  
	
  
Total	
  PCI	
  with	
  DCB,	
  n	
  186	
  

populaFon	
  (x1000)	
   PCI	
  total,	
  n	
  	
   Total	
  PCI	
  with	
  DCB,n	
  	
  

Belgium	
   11299	
   26985	
   186	
  -­‐	
  	
  0,69	
  %	
  	
  	
  

Denmark	
   5669	
   10386	
   363	
  -­‐	
  	
  3,5	
  %	
  	
  

Egypt	
   86814	
   104000	
   n.a.	
  

France	
   64395	
   128000	
   n.a.	
  

Israel	
   8463	
   21690	
   n.a.	
  

Italy	
   59797	
   146420	
   n.a.	
  

Kazakhstan	
   17557	
   14217	
   12	
  

Macedonia	
   2071	
   3637	
   n.a.	
  

Poland	
   38611	
   124876	
   3307	
  -­‐	
  	
  2,65	
  %	
  	
  

Serbia	
   7095	
   12941	
   174	
  -­‐	
  	
  1,34	
  %	
  

Spain	
   46449	
   67671	
  	
   2357	
  -­‐	
  	
  	
  	
  3,48	
  %	
  	
  	
  

Sweden	
   9382	
   20744	
   1296	
  –	
  6,25	
  %	
  

Switzerland	
   	
  8327	
   24158	
   n.a.	
  

Turkey	
   78741	
   105000	
   n.a.	
  

United	
  Kingdom	
   64715	
   97376	
   n.a.	
  (	
  PCI	
  without	
  
stent	
  –	
  8,2%)	
  



Currently	
  available	
  coronary	
  paclitaxel	
  DCB	
  	
  

None	
  of	
  the	
  devices	
  is	
  currently	
  approved	
  by	
  the	
  FDA	
  for	
  clinical	
  use.	
  

Manufacturer	
   Balloon	
   Excipient	
   Balloon	
  type	
   Dosage	
  	
  
(	
  µg/mm²)	
  

CE	
  mark	
  

B.Braun	
   SeQuent	
  Please	
   iopromide	
   SC	
   3.0	
   2009	
  

Boston	
  scien%fic	
   Agent™	
   ATBC	
   SC	
   2.2	
   2014	
  

Medtronic	
  	
   IN.PACT™	
  Falcon	
   urea	
   SC	
   3.0	
   2009	
  

EuroCor	
   DIOR	
  II	
   Schellac	
   SC	
   3.0	
   2009	
  

CR	
  bard	
  	
   Lutonix	
  DCB	
  
(	
  Moxy)	
  

Polysorbate	
  and	
  
sorbitol	
  

SC	
   2.0	
   2011	
  

Biotronic	
   Pantera	
  Lux	
   BTHC	
   SC	
   3,0	
   2010	
  

Aachen	
  resonance	
   Elutax	
  SV	
   -­‐	
   SC	
   2,2	
   2008	
  

iVascular	
  	
   Essen%al	
   -­‐	
   SC	
   3.0	
   2014	
  

Acrostac	
   Genie	
   -­‐	
   SC	
   NA	
   2007	
  

Minvasys	
   Danubio	
   BTHC	
   SC	
   2,5	
   2011	
  

Cardionovum	
   Primus	
   Shellac	
   SC	
   3.0	
   2012	
  

Blue	
  medical	
  devices	
   Protégé	
   unknown	
   NC	
   3,0	
   2012	
  



No	
  class	
  effect	
  exists	
  among	
  the	
  different	
  paclitaxel	
  DCBs	
  

Bondesson,	
  P.	
  et	
  al.	
  Comparison	
  of	
  two	
  drug-­‐elu%ng	
  balloons:	
  a	
  report	
  from	
  the	
  SCAAR	
  registry	
  EuroInterven%on	
  2012;8:444-­‐449	
  



Bernardo	
  Cortese,	
  TCT	
  2019.	
  –	
  	
  
Drug-­‐Coated	
  Balloons	
  for	
  Small	
  Vessels:	
  Latest	
  Trial	
  Evidence	
  

Dior	
  I	
  (first	
  genera%on	
  )	
  	
  	
  	
  -­‐	
  paclitaxel	
  sprayed	
  onto	
  the	
  surface	
  -­‐	
  	
  the	
  drug	
  was	
  lost	
  
during	
  transit	
  and	
  manipula%on	
  



Components	
  influencing	
  DCB	
  performance	
  

Drug	
  morfology	
  
•  more	
  insoluble	
  forms	
  
•  more	
  brinle	
  coa%ng	
  	
  
•  prolonged	
  reten%on	
  of	
  the	
  drug	
  into	
  the	
  vessel	
  wall	
  
•  higher	
  downstream	
  par%cle	
  loss	
  
•  much	
  higher	
  presence	
  of	
  the	
  drug	
  on	
  the	
  surface	
  at	
  24	
  h	
  and	
  7	
  and	
  28	
  days	
  	
  

•  highly	
  soluble	
  forms	
  
•  more	
  homogeneous	
  and	
  reproducible	
  coa%ng	
  	
  
•  shorter	
  drug	
  reten%on	
  profiles	
  following	
  paclitaxel	
  delivery	
  	
  

Excipients	
  -­‐essen%al	
  role	
  	
  -­‐directly	
  impact	
  paclitaxel	
  %ssue	
  pharmacokine%cs	
  	
  
•  iopromide	
  
•  shellac	
  
•  urea	
  
•  ace%yl	
  tributyl	
  citrate	
  
•  polisorbat	
  +	
  sorbitol	
  
•  butyryl-­‐trihexyl	
  citrate	
  (BTHC)	
  
•  poliethylenglycol	
  

Differences	
  in	
  coa%ng	
  integrity,	
  adhesion,	
  
vessel	
  wall	
  transfer	
  and	
  par%culate	
  maner.	
  



Components	
  influencing	
  DCB	
  performance	
  

CoaFng	
  methodology	
  

dip	
  coa%ng	
  
micropipene	
  coa%ng	
  
spray	
  coa%ng	
  	
  

Surface	
  proper%es,	
  physical	
  drug	
  release	
  and	
  %ssue	
  uptake	
  and	
  par%culate	
  maner.	
  

CoaFng	
  geometry	
  

drug-­‐coated	
  wrapped	
  balloon	
  	
  
highly	
  elas%c	
  wrap	
  around	
  the	
  
folded	
  balloon	
  	
  

high	
  concentra%ons	
  
within	
  the	
  balloon	
  folds	
  
and	
  lower	
  
concentra%ons	
  at	
  the	
  
outer	
  balloon	
  



What	
  is	
  ideal	
  DCB	
  ?	
  	
  What	
  do	
  we	
  expect	
  from	
  industry?	
  
Balloon:	
  	
  

lesion	
  crossing	
  issue	
  –	
  no	
  bulky	
  device	
  	
  	
  
deliverability	
  –	
  trackability	
  –	
  crossability	
  -­‐	
  pushability	
  

•  uniform	
  coa%ng	
  surface,	
  robuste	
  integrity	
  
•  no	
  fragmenta%on,	
  no	
  fragile	
  coa%ng	
  	
  
•  minimal	
  handling	
  damage	
  –	
  shelf	
  life	
  stability	
  
•  low	
  in	
  transit	
  loss,	
  no	
  wash	
  off	
  
•  par%culate	
  genera%on	
  (size,	
  solubility)	
  
•  no	
  local	
  toxic	
  effects	
  acutely	
  and	
  later	
  	
  
•  faster	
  uptake	
  of	
  drug	
  and	
  longer	
  reten%on	
  in	
  

%ssue	
  
•  increased	
  bio-­‐availability	
  and	
  bio-­‐compa%bility	
  
•  low	
  systemic	
  doze	
  -­‐	
  does	
  not	
  produce	
  	
  
	
  	
  	
  	
  	
  	
  off-­‐target	
  adverse	
  events	
  

Drug	
  carrier:	
  
most	
  cri%cal,	
  key	
  to	
  design	
  of	
  device	
  	
  

	
  	
  

Drug:	
  
limus	
  vs	
  paclitaxel	
  



Baber	
  U,	
  Mehran	
  R,	
  Sharma	
  SK,	
  et	
  al.	
  Impact	
  of	
  the	
  everolimus	
  elu%ng	
  stent	
  on	
  stent	
  thrombosis:	
  a	
  meta-­‐analysis	
  of	
  13	
  
randomized	
  trials.	
  J	
  Am	
  Coll	
  Cardiol	
  2011;58:1569–77	
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  et	
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  A	
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What	
  is	
  ideal	
  DCB	
  ?	
  	
  What	
  do	
  we	
  expect	
  from	
  industy?	
  

Drug:	
  
limus	
  

	
  
(Siro)limus	
  is	
  drug	
  of	
  choice	
  for	
  coronary	
  DES	
  
supported	
  by	
  solid	
  clinical	
  based	
  evidence	
  

	
  



Paclitaxel	
   Sirolimus	
  

Mode	
  of	
  ac%on	
   in	
  	
  mitosis	
  (M)	
  phase	
  –	
  at	
  a	
  
stage	
  at	
  which	
  cells	
  divide	
  –	
  
apopto%c	
  cell	
  death	
  likely	
  to	
  
occur	
  

cytotoxic	
  
	
  

Inhibit	
  cell	
  in	
  the	
  G1	
  phase	
  –	
  
ini%al	
  phase	
  
	
  
	
  

cytostaFc	
  
	
  

inhibi%on	
  of	
  SMC	
  prolifera%on	
   ++	
   ++	
  

inhibi%on	
  of	
  SMC	
  migra%on	
   ++	
   +	
  

inhibi%on	
  of	
  EC	
  prolifera%on	
   ++	
   ++	
  

immunosuppressive	
  proper%es	
   ++	
   (+)/-­‐	
  

therapeu%c	
  range	
   narrow	
  
apoptosis	
  even	
  in	
  therapeu%c	
  
range,	
  necrosis	
  at	
  higher	
  doses	
  

wide	
  

%ssue	
  absorb%on	
   fast	
   slow	
  

%ssue	
  reten%on	
   short	
   long	
  

distribu%on	
  in	
  vascular	
  wall	
   advenFFa	
  
(inferior	
  role	
  in	
  pathophysiology	
  of	
  ISR	
  )	
  

equal	
  

impact	
  on	
  LLL	
   ++	
   +	
  



What	
  is	
  ideal	
  DCB	
  ?	
  	
  What	
  do	
  we	
  expect	
  from	
  industy?	
  

AHribute	
   Limus	
   Paclitaxel	
  
Nature	
  of	
  drug	
   Less	
  lipophilic	
   Higly	
  lipophilic	
  

Ease	
  of	
  coa%ng	
   Very	
  hard	
   Easy	
  

Tissue	
  absorb%on	
  and	
  
elu%on	
  

More	
  difficult	
   easier	
  



What	
  is	
  ideal	
  DCB	
  ?	
  	
  What	
  do	
  we	
  expect	
  from	
  industy?	
  

	
  
Preclinical	
  work:	
  	
  
•  data	
  from	
  in	
  vivo	
  and	
  in	
  vitro	
  tes%ng	
  
•  dose	
  finding	
  studies	
  	
  
•  PK	
  and	
  histology	
  studies	
  
•  effect	
  of	
  surface	
  texture	
  and	
  balloon	
  folding	
  on	
  drug	
  bioavailability	
  
•  drug	
  lost/retained	
  during	
  balloon	
  transit	
  and	
  infla%on	
  
•  drug	
  reten%on	
  in	
  artery	
  wall	
  
•  excipient	
  dose	
  studies	
  
•  local	
  %ssue	
  dose/response	
  to	
  establish	
  the	
  lowest	
  effec%ve	
  dose	
  

Comprehensive	
  animal	
  and	
  human	
  data	
  are	
  warranted.	
  

Clinical	
  studies:	
  	
  
•  ini%al	
  assessment	
  of	
  device	
  handling	
  &	
  performance,	
  proof	
  of	
  concept,	
  and	
  safety	
  
•  acceptable	
  results	
  to	
  jus%fy	
  a	
  larger	
  pivotal	
  trial	
  (RCT	
  recommended	
  )	
  
•  worldwide	
  clinical	
  experience	
  :	
  suppor%ve	
  data	
  of	
  DCB	
  safety	
  and	
  effec%veness	
  



	
  
Excipient	
  	
  	
  -­‐	
  lipid-­‐based	
  component	
  with	
  a	
  hydrophilic	
  head	
  and	
  two	
  lipophilic	
  tails	
  -­‐	
  
membrane	
  that	
  encapsulates	
  the	
  par%cle	
  and	
  ensures	
  needed	
  lipophilicity	
  

Carrier	
  fully	
  encapsulates	
  the	
  drug	
  par%cles	
  
Nano-­‐par%cles	
  are	
  0.35	
  µm	
  –	
  allows	
  drug	
  entry	
  
to	
  in%ma	
  and	
  up	
  to	
  adven%%a	
  

Magic	
  Touch	
  Sirolimus-­‐EluFng	
  Balloon	
  







Med	
  Alliance	
  
SELUTION™	
  Sirolimus	
  DCB	
  

Micro-reservoirs made out of biodegradable polymer intermixed 
with Sirolimus: 

¡  Controlled and sustained drug release mechanism 
¡  Maintains therapeutic effect in tissue over long 

period of time 

Novel Cell Adherent Technology – CAT™: 
¡  CAT™ transfer membrane houses and protects micro-reservoirs 

during balloon insertion, lesion crossing and expansion 
¡  CAT™ transfer membrane with embedded micro-reservoirs releases 

from balloon delivery system and adheres to vessel lumen with short 
balloon inflations 

 



Primary endpoint:   S-DCB superiority for % diameter restenosis vs P-DCB at 9 months 
 
Secondary endpoints:  LLL at 9 months 

  Primary angiographic EP for each of the 3 groups 
  Device success (in cath lab) 
  Procedure success (at discharge) 
  Freedom from TVF at 360 and 720 days 
  Components of TVF at 360 and 720 days 
  Freedom from angina at 360 and 720 days 
  QOL & Cost-effectiveness at 360 days 
  IVUS determined minimal DSA at 9 months (optional)    

DAPT: 30 days in both arms (if no stent in main branch for S group) 
 

  

SELUTION	
  DSR	
  	
  

             1 mo             3 mo          9 mo              1 yr          2 yrs  
            

Prospective, open label, multi-center RCT with angiographic endpoints 
Patients with CAD with ISR or Bifurcation with side-branch lesion or distal lesions in small vessels 

SELUTION™  
DCB 

Paclitaxel 
DCB 

145 Patients 
1:1 randomization 

Large centres in countries where Paclitaxel DCB are approved and 
reimbursed 	
  

Clinical FU 

Angio FU 
Optional IVUS FU 



Verheye	
  S	
  et	
  al.	
  The	
  SABRE	
  Trial	
  (Sirolimus	
  Angioplasty	
  Balloon	
  for	
  Coronary	
  In-­‐Stent	
  Restenosis):	
  
Angiographic	
  Results	
  and	
  1-­‐Year	
  Clinical	
  Outcomes.	
  JACC	
  Cardiovasc	
  Interv.	
  2017	
  Oct	
  23;10(20):2029-­‐2037	
  

The	
  Virtue	
  angioplasty	
  balloon	
  (Caliber	
  Therapeu%cs,	
  New	
  Hope,	
  Pennsylvania)	
  

SABRE	
  trial:	
  single-­‐arm	
  feasibility	
  study,	
  50	
  ISR	
  pa%ent	
  	
  

•  100%	
  procedural	
  success	
  rate	
  

•  primary	
  safety	
  endpoint	
  of	
  30-­‐day	
  target	
  lesion	
  failure,	
  including	
  cardiac	
  death,	
  
	
  	
  	
  	
  	
  target	
  vessel	
  MI	
  and	
  clinically	
  driven	
  target	
  lesion	
  revasculariza%on,	
  occurred	
  in	
  no	
  	
  	
  	
  
pa%ents	
  
•  The	
  primary	
  performance	
  endpoint	
  was	
  6-­‐month	
  in-­‐segment	
  late	
  lumen	
  loss,	
  which	
  was	
  

0.31	
  ±	
  0.52	
  mm	
  	
  
•  At	
  6	
  months,	
  binary	
  restenosis	
  occurred	
  in	
  19.1%	
  of	
  pa%ents,	
  MACE	
  occurred	
  in	
  10.2%	
  

and	
  diameter	
  stenosis	
  was	
  a	
  mean	
  of	
  30.3	
  ±	
  19.9%.	
  

	
  porous	
  balloon,	
  delivers	
  sirolimus	
  in	
  a	
  
nanoencapsulated	
  liquid	
  formula%on	
  



Loss	
  of	
  the	
  selected	
  coa%ng	
  in	
  the	
  
valve,	
  guiding	
  catheter,	
  and	
  blood	
  
was	
  low	
  (2±14%	
  of	
  dose).	
  
	
  
Acute	
  drug	
  transfer	
  to	
  the	
  vessel	
  wall	
  
was	
  14.4±4.6%	
  with	
  the	
  crystalline	
  
coa%ng,	
  whereas	
  the	
  amorphous	
  
coa%ngs	
  were	
  less	
  effec%ve	
  in	
  this	
  
respect.	
  



50	
  paFents	
  
	
  

Novel	
  SCB	
  (SeQuent	
  SCB,	
  4	
  mg/mm2)	
  vs	
  	
  PCB	
  (SeQuent	
  Please	
  Neo,	
  3	
  mg/mm2)	
  	
  
	
  
Awer	
  6months,	
  in-­‐segment	
  LLL	
  was	
  	
  
	
  

0.21	
  ±	
  0.54	
  mm	
  in	
  the	
  PCB	
  group	
  versus	
  0.17	
  ±	
  	
  0,55	
  mm	
  in	
  the	
  SCB	
  group	
  	
  
	
  

(p=NS;	
  per-­‐protocol	
  analysis)	
  
	
  
	
  Clinical	
  events	
  up	
  to	
  12	
  months	
  also	
  did	
  not	
  differ	
  between	
  the	
  groups.	
  



•  DCB	
  technology	
  	
  evolve	
  toward	
  the	
  development	
  
of	
  new	
  delivery	
  methods	
  and	
  new	
  drugs	
  

•  for	
  the	
  broader	
  adop%on	
  of	
  these	
  technologies	
  	
  
DCB	
  must	
  be	
  tested	
  in	
  RCT	
  with	
  sufficient	
  
sta%s%cal	
  power	
  to	
  detect	
  at	
  least	
  noninferiority	
  	
  
against	
  new	
  genera%on	
  DES	
  with	
  hard	
  clinical	
  
endpoints	
  

Conclusions	
  


