Stent Technology:
Past, Present and Future
Gregg W. Stone, MD

Columbia University Medical Center
NewY ork-Presbyterian Hospital
Cardiovascular Research Foundation

uuuuuuuu



...............

Disclosures

* Principal investigator of DES
pivotal trials for Abbott, Medtronic
and Medinol, uncompensated

e Consultant to Reva



The First PTCA; September 16, 1977,
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The First PTCA; September 16, 1977,
Zurich
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First coronary balloon catheter
(Gruntzig Dilaca DG 20-30, Schneider Medintag)



The First PTCA; September 16, 1977,
Zurich

Acute and Late Re




Acute Closure was the Achilles’ Heel
of PTCA!
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To Treat and Prevent Acute Closure,
Bare Metal Stents were Developed
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Restenosis was the Achilles' Heel
of Bare Metal Stents!

L Restenosis after BMS
' 20-50%
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Drug-eluting Stents: 15t Generation

Drug Polymer Stent

_COATED

Liberté

Sirolimus EVA + PBMA blend BX Velocity
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Sirolimus-eluting stent:

7 year F/U

IH

7 Years

TY

- NewYork-Presbyterian



N/ Target Lesion Revascularization
T@(US at 5 Years TAXUS |, II-SR, IV & V

30% 1 TAXUS (n=1400) 5-Year HR [95% CI]I:
— BMS (n=1397) 0.53 [0.44, 0.65] 21.0%
P<0.001 (n=284)
. |
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S | |
Y
—
= I
10% I e — 12.3%
(n=162)
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Years

Event Rate £ 1.5 SE Stone GW et al. JACC CV Int 2011;4:530-42



Very Late (>1 year)
Drug-eluting Stent Thrombosis
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Myocardial Infarction: Landmark
Analysis TAXUS |, lI-SR, IV & V (n=2,797)

10%
== TAXUS (n=1400)
—~~
2 BMS (n=1397)
C
O
'..L:J 1-5 Year HR [95% CI]:
S 1.67 [1.06, 2.65]
=, P=0.03 .
C 5% | 0-1 Year HR [95% CII: 3.8%
© ) 0.89 [0.62, 1.27]
O P=0.52
3 4.0%
O
>
|
OOA) | ‘ ‘;' ‘
0 1 2 3 4 5
Years

Event Rate + 1.5 SE

Stone GW et al. JACC CV Int 2011;4:530-42



1st Gen Drug-Eluting Stents

The good, the bad, and the ugly!

BMS
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7 yearé

Abn Vasomotion Sirolimus
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DES

/ Delayed Healing!
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Angioscopy
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Drug-eluting Stents: 2"? Generation
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SPIRIT I, lll, IV and COMPARE trials
Pooled database analysis (n=6,789)
MACE (Cardiac Death, Ml, ID-TLR)

— EES (n=4,247) HR: 0.64 [0.54, 0.75]
49
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0 3 6 9 12 15 18 21 24
Time in Months
Number at risk
XIENCE 4247 4086 3942 3820 3291
TAXUS 2542 2363 2269 2193 1944

Kereiakes DJ et al. Eurolntervention 2011:7:74-83



SPIRIT II, 1ll, IV and COMPARE trials
Pooled database analysis (n=6,789)
Ischemic TLR

— ggg z:f‘z"gjg HR: 0.60 [0.48, 0.75]
10 1 =<,
P<0.001
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14 6.6%
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0 -|’ ........................................
0 3 6 9 12 15 18 21 24
Time in Months
Number at risk
XIENCE 4247 4143 4004 3891 3363
TAXUS 2542 2416 2328 2260 2018

Kereiakes DJ et al. Eurolntervention 2011:7:74-83



SPIRIT II, 1ll, IV and COMPARE trials
Pooled database analysis (n=6,789)
Stent thrombosis (ARC definite/probable)

— EES (n=4,247) HR: 0.30 [0.19, 0.47]
PES (n=2,542) p<0.001

2.3%
A=1.6%

~ 0.7%

Stent thrombosis
ARC def or prob (%)

Time in Months

Number at risk
XIENCE 4247 4177 4082 3998 3479
TAXUS 2542 2463 2408 2350 2110

Kereiakes DJ et al. Eurolntervention 2011:7:74-83



2019: Why do we Need Better Stents?

/0 To further eliminate early and late stent \
thrombosis and restenosis

* To reduce dependency on long-term DAP

* To improve lifelong prognosis after DES /

N




Principal Causes of Adverse Events
with Current DES

KEarly and late inflammatory and hypersensitivity\

reactions to the drug or polymer

* Polymer irregularities that result in inconsistent drug
delivery or serve as a nidus for thrombus

* Mechanical issues: Strut fracture >> longitudinal
deformation

* Very late issues with a permanent metallic implant
(vessel straightening and loss of cylic strain, loss of

vasomotion and adaptive vascular remodeling,
\neoatherosclerosis) /
O

CARTIDVASCULAR RESEABCIE




Polymer Integrity Issues in FDA
Approved DES

e T T c/o Renu Virmani
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Late Fractures After EES
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3 strut fractures
6 months after
placement of
4 overlapping
Pt-Cr-EES

Strut fractures occur in 2-3% of CoCr-EES and PtCr-EES within 6-9
months, and are associated with restenosis and stent thrombosis
o PO

R . Kuramitsu S et al. Circ CV Interv. 2012;5:663-671 Meicar CENTER
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Neoatherosclerosis may be the common final
denominator in many cases of late DES failure,
and Is not decreasing in prevalence

Autopsy series
SE@MAMLPES = EES
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To Further Improve DES Outcomes

/- Make the stent struts thinne?
* Bioabsorbable polymers

* Eliminate the polymer

* Eliminate the stent
\_ /
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BIOFLOW V RCT (n=1,334)

Orisiro 60 um CoCr bioabsorbable PLLA-based SES vs.
Xience 82 um CoCr durable fluoropolymer-based EES

Primary Endpoint: Target Lesion Failure at 1 Year
(2:1 randomization, powered for noninferiority)

15% - __penee HR [95% CI] =
— 0.71[0.47, 1.02]
(o}
Q P=0.03
< 9% 9.2%
5 6% - 5.9%
= ot
3%
O% u a T T
0 90 180 270 360
Days after Procedure
No. at Risk:
Xience 450 421 411 400 392
Orisro 884 848 828 814 792
0 Sodiouesculr Kandzari DE et al. Lancet 2017;390:1843-52 2 S



Ultra-thin (<70 pym) vs. Thicker Strut 2" Gen DES
10 RCTs, 11,658 pts, 3 ultra-thin strut DES:

Orsiro (60 um), MiStent (64 um) and BioMime (65 um)
1-Year Target Lesion Failure

Ultra-thin 2nd Generation % Weight

Study Events N Events N RR (95% CI) (D+L)
Orsiro H |
BIOFLOW Il 19 298 12 154 . | 0.82 (0.40, 1.69) 4.83
BIOFLOW IV 20 354 9 176 i 1.10 (0.50, 2.43) 4.08
BIOFLOW V 52 884 41 450 i | 0.65 (0.43, 0.97) 15.07
BIORESORT 47 1169 53 1173 0.89 (0.60, 1.32) 16.37
BIOSCIENCE 69 1063 70 1056 l 0.98 (0.70, 1.37) 22.84
ORIENT 6 250 4 122 i i 0.73 (0.21, 2.59) 1.58
PRISON IV 6 165 8 165 i | 0.75 (0.26, 2.16) 2.25
SORT OUT VI 48 1261 58 1264 0.83 (0.57, 1.22) 17.26
D+L Subtotal (I-squared = 0.0%, p=0.881) - 0.85 (0.71, 1.01) 84.29
-V Subtotal : 0.85 (0.71, 1.01)
MiStent ]
DESSOLVE-II 40 FAVK] 45 695 O 0.88 (0.57, 1.35) 13.92
D+L Subtotal (I-squared = NA, p = NA) 3 0.88 (0.57, 1.35) 13.92
-V Subtotal il 0.88 (0.57, 1.35)
BioMime i
Merit-V 5 170 6 86 : i 0.42 (0.13, 1.38) 1.79
D+L Subtotal (I-squared = NA, p = NA) 5 0.42 (0.13, 1.38) 1.79
-V Subtotal H 0.42 (0.13, 1.38)
All Stents i
D+L Subtotal (12 =0.0%, p = 0.88) i 0.84 (0.72, 0.99) 100.00
-V Subtotal i 0.84 (0.72, 0.99)
Driven by less TV-MI with no 0 1 10
differences in CD or ID-TLR Favors Ultra-thin Favors 2" Generation

PN o Giovascular QP S M

' Research Foundation

Bangalore S and Stone GW, submitted




Ultra-thin (<70 pym) vs. Thicker Strut 2" Gen DES
10 RCTs, 11,658 pts, 3 ultra-thin strut DES:
Orsiro (60 um), MiStent (64 um) and BioMime (65 um)
1-Year Stent Thrombosis (def/prob)

Ultra-thin  2"d Generation % Weight
Study Events N Events N RR (95% CI) (D+L)
Orsiro - |
BIOFLOW I 0] 298 0] 154 } | 0.52 (0.01, 26.04) 0.78
BIOFLOW IV K} 354 0] 176 i | 3.48(0.18, 67.38) 1.37
BIOFLOW V 4 884 K} 450 N 0.68 (0.15, 3.03) 5.36
BIORESORT 5 1169 6 1173 0.84 (0.26, 2.74) 8.53
BIOSCIENCE 29 1063 35 1056 0.82 (0.50, 1.35) 49.59
ORIENT 0] 250 0] 122 i i 0.49 (0.01, 24.59) 0.78
PRISON IV 1 165 2 165 : | 0.50 (0.05, 5.51) 2.08
SORT OUT VIl 11 1261 20 1264 0.55 (0.26, 1.15) 22.19
D+L Subtotal (I-squared = 0.0%, p=0.956) H 0.74 (0.51, 1.07) 90.69
-V Subtotal : 0.74 (0.51, 1.07)
MiStent ]
DESSOLVE-II 5 703 6 695 - 0.82 (0.25, 2.70) 8.53
D+L Subtotal (I-squared = NA, p = NA) ol 0.82 (0.25, 2.70) 8.53
[-V Subtotal | 0.82 (0.25, 2.70)
BioMime /
Merit-V 0 170 0 86 : i 0.51 (0.01, 25.49) 1.79
D+L Subtotal (I-squared = NA, p = NA) Ll 0.51 (0.01, 25.49) 1.79
[-V Subtotal i 0.51 (0.01, 25.49)
All Stents i
D+L Subtotal (12 = 0.0%, p = 0.99) i | 0.74 (0.53, 1.05) 100.00
-V Subtotal bl 0.74 (0.53, 1.05)
1 1 1
A 1 10
Favors Ultra-thin Favors 2"d Generation
O Cadiracclo Bangalore S and Stone GW, submitted W



BIONYX RCT: Osiro vs. Onyx (n=2,488)

Primary endpoint: 1-year TVF (cardiac death, TV-MI or CD-TVR)

Target Vessel Failure (%)

AN
]

N
]

_',—r—r P=0.77

= Resolute Onyx
Orsiro 4.7%

HR [95%Cl] =
0.75 [0.66 — 1.37]

| | | | 1
60 120 180 240 K10[0) 360
Days After Initial Procedure

e\ g.a

rdiovascular
search Foundation

1-year TLF: 3.9% (Orisro) vs. 3.6% (Onyx); P=0.68

von Birgelen C et al. Lancet 2018:0on-line i i



BIONYX RCT: Orsiro vs. Onyx (n=2,488)
Definite or probable stent thrombosis

1.507 __ Resolute Onyx Definite stent thrombosis Probable stent thrombosis
Orsiro Cardiac death Cardiac death
MI
g 1.25 7 Target lesion revascularization
X
s
& 1.00-
0
o
o)
g 0.75 0.7%
| 99
=
-
= 0.50 H
2 HR [95%CI] = 0.11 [0.01 — 0.87]
@ 0.25 P=0.01
0.1%
0.00 18X . . : : : .
0] 60 120 180 240 300 360
Days after Initial Procedure
1-year definite ST: 0.1% vs. 0.6%, HR 0.14 [0.02 — 1.16], P=0.03
e Seliezen s von Birgelen C et al. Lancet 2018;on-line @ :""“;E‘;m



Bioabsorbable Polymer-based DES
Meta-analysis of 89 RCTs, 84,590 pts
Evidence Network

BMS

PtCr-EES
PES

CoCr-EES SES

BP-BES

Re-ZES PC-ZES

o el Palmerini T et al. JACC 2014;63:299-307 e



Bioabsorbable Polymer-based DES
Meta-analysis of 89 RCTs, 84,590 pts

Stent Thrombosis

1-year
BP-BES vs BMS
BP-BES vs PES
BP-BES vs SES
BP-BES vs PC-ZES
BP-BES vs Re-ZES
BP-BES vs CoCr-EES
BP-BES vs PtCR-EES

OR (95%Cl)
0.61 (0.38-0.94)

0.65 (0.39-1.05)
0.99 (0.64-1.52)
0.61 (0.34-1.10)
1.02 (0.44-2.32)
1.54 (0.95-2.56)
1.75 (0.58-5.28)

Long-term

HR (95%Cl)
0.60 (0.40-0.89)

0.52 (0.31-0.81)
0.72 (0.47-1.07)
0.81 (0.48-1.33)
0.83 (0.34-1.81)
1.25 (0.74-2.00)
1.41 (0.56-4.00)

I T
0.01 0.1

Favors stent 1 Favors stent 2

T
10

1
100 0.1

Favors stent 1

10

Favors stent 2

" Cardiovascular
' Research Foundation

Palmerini T et al. JACC 2014;63:299-307
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Bioabsorbable Polymer-based DES
Meta-analysis of 89 RCTs, 84,590 pts
Stent Thrombosis

1-year OR (95%Cl) Long-term HR (95%Cl)

BP-BES vs BMS i 0.61 (0.38-0.94) i 0.60 (0.40-0.89)
BP-BES vs PES | 0.65 (0.39-1.05) § 0.52 (0.31-0.81)
BP-BES vs SES ; 0.99 (0.64-1.52) § 0.72 (0.47-1.07)
BP-BES vs PC-ZES 0.61 (0.34-1.10) 0.81 (0.48-1.33)
BP-BES vs Re-ZES 1.02 (0.44-2.32) 0.83 (0.34-1.81)
BP-BES vs CoCr-EES 1.54 (0.95-2.56 .25 (0.74-2.00)
BP-BES vs PtCR-EES 1.75 (0.58-5.28) 1.41 (0.56-4.00)

1 1 1 1 1 1 1

0.01 0.1 1 10 100 0.1 1 10

Favors stent 1 Favors stent 2 Favors stent 1 Favors stent 2

P\ sdiovascular Gy Covess Dervensrry

@ Fesearch Foundation Palmerini T et al. JACC 2014;63:299-307 4 NeweriePresbyterian




Bioabsorbable Polymer-based DES
Meta-analysis of 89 RCTs, 84,590 pts
Target Vessel Revascularization

1-year

BP-BES vs BMS Q

BP-BES vs PES

BP-BES vs SES
BP-BES vs PC-ZES

BP-BES vs Re-ZES
BP-BES vs CoCr-EES
BP-BES vs PtCR-EES

OR (95%ClI)

0.70 (0.50-1.01)
1.05 (0.76-1.47)
0.57 (0.37-0.88)
0.97(0.53-1.76)
1.05 (0.75-1.49)
1.08 (0.52-2.22)

Long-term

0.32 (0.22-0.46) O

(0

HR (95%ClI)
0.42 (0.31-0.56)

0.74 (0.55-0.99)
1.00 (0.76-1.32)
0.67 (0.47-0.95)
0.99 (0.60-1.63)
1.06 (0.80-1.43)
1.21 (0.67-2.22)

I
0.1

— -

Favors stent 1 Favors stent 2

10 0.1

Favors stent 1

10

Favors stent 2

" _ardiovascular

g el Palmerini T et al. JACC 2014;63:299-307




Bioabsorbable Polymer-based DES
Meta-analysis of 89 RCTs, 84,590 pts
Target Vessel Revascularization

1-year
BP-BES vs BMS
BP-BES vs PES

BP-BES vs SES
BP-BES vs PC-ZES

BP-BES vs Re-ZES
BP-BES vs CoCr-EES
BP-BES vs PtCR-EES

OR (95%ClI)
0.32 (0.22-0.46)

0.70 (0.50-1.01)
1.05 (0.76-1.47)
0.57 (0.37-0.88)
0.97(0.53-1.76)
1.05 (0.75-1.49)
1.08 (0.52-2.22)

Long-term

HR (95%ClI)
0.42 (0.31-0.56)

0.74 (0.55-0.99)
1.00 (0.76-1.32)
0.67 (0.47-0.95)
0.99 (0.60-1.63)
1.06 (0.80-1.43)
1.21 (0.67-2.22)

I
0.1 1

Favors stent 1

Favors stent 2

10 0.1

1

Favors stent 1

10

Favors stent 2

" Cardiovascular
' Research Foundation

Palmerini T et al. JACC 2014;63:299-307
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SYNERGY Stent

Platinum Chromium

Platform

* 74 um (0.0029 in)
strut thickness

A Visibility

4 Strength

4 Flexibility

4 Conformability

¥ Recoil

Everolimus-Eluting

* 100 pg/cm?
* 3 month release time

-

Bioabsorbable Polymer

Coating

* Abluminal Only

* Ultrathin PLGA — 4 um thick
* 85:15 ratio

* <4 month absorption time

uuuuuuuu
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EVOLVE ll: SYNERGY vs. Promus
Element Plus (n=1684) - TLF at 5 Years

20 - S5 years
HR 1.02 [0.79, 1.31]
16 - 1° Endpoint: P=0.91 14.3%
12 months ITT SYNERGY 14.29%
§ 12 - Pnon.‘nferion’ty=0'0005
~ 4
Li. (+)
=B R PROMUS Element Plus
4 -
0 -I ] I ] I ]
0] 1 2 3 4 5
# at risk Years
- PE+ 838 772 739 723 699 486
— SYNERGY 846 794 758 737 710 488

Kereiakes DJ. ACC 2019

5 NewYork-Presbyterian



Polymer-Free Metallic Stents

* Once the drug is eluted, a BMS is left behind

* Potential advantages

* Potential disadvantages

. More uniform drug delivery
. No adverse polymer reactions

. Potentially more rapid healing and shorter
mandatory duration of DAPT

. Difficult to control drug dose and elution rate

 Some polymers are thromboresistant and may
promote healing

CARTIDVASCULAR RESEABCIE



BioFreedom Drug Coated Stent (DCS)

120 um thick stainless steel stent

Selectively micro-structured surface holds Biolimus A9 is 10x more
[ ' e structures lipophilic than sirolimus'
X 100 _
80 _
60 _
%
40 _
20 |
0 n B
N .

Sirolimus Zotarolimus Everolimus Biolimus

+2.8% (valid for all drugs test) o
Potential Advantages:
» Rapid drug transfer to vessel wall (98% within one month?)
* Avoid possible polymer-related adverse effects
« Safe to shorten DAPT?
.,J,q_m 1. Data on file at Biosensors Intl Rimiie Caeria

A e e i 2. Tada et al. Circ Cardiovasc Interv 2010;3;174-183 - NewYork-Presbyterian



Leaders Free: Primary Efficacy Endpoint
(Clinically-Driven TLR)

CARTIDVASCULAR RESEABCIE

129 @ pCs (n=1221)
BMS (n=1211)
9.8%
QR
o~
’
® .-
H 5.1%
o
O 3-
P <0.001
0_
1 1 1 1 1
0 90 180 270 390
Number at Risk Days
DCS 1221 1167 1130 1098 1053
BMS 1211 1131 1072 1034 084
s A e
Urban P et al. NEJM 2015;373:2038-47 I a5



Leaders Free: Components of the
Safety Endpoint (1-year)

L 8.9 B DCS (n=1221)

29 BMS (n=1211)
a
-
-
% 5-
d

; (20 22
o
0 d
i
Cardiac death ST (def /prob)
p=0.19 p =0.01 p=0.70
9. oo g

PR Urban P et al. NEJM 2015;373:2038-47 jﬂ )



SORT OUT IX RCT: BiOfreedom (120 um SS polymer-
free BES) VS. Orisro (60 um CoCr PLLA-based SES) (n=3, 151 )

¥ Biofreedom (n=1572) ™ Orsiro (n=1579) All-comers
6 - DAPT
: P,=0.12 Stable CAD: 6 mo (A+C)
5_ (NI margin = 2.1%) ACS: 12 mo (A+T/P)
&\C: 40 P<0.0001
o ] 3.5
wid
1)
-
o 3
(©
()
R
F
1 -
0 .
TLF Cardiac death TL-MI TLR ST (def/prob)
< TLF -

Covvsans UsiversiTy

0 Srdiovasculer Jensen LO. TCT 2018 o S



STOPDAPT-2

3,045 pts (few excl, but no OAC) rand to DAPT for 1 mo followed
by C alone vs. A+C x12 mo after Xience at 90 Japanese centers.
38% ACS, mean SS 8, IV imaging in 98%. 1° EP NACE*

== 1-month DAPT
HR 0.64, 95%CIl (0.42-0.98) e 12-month DAPT

P non-inferiority <0.001
P superiority =0.04

Log rank P=0.037

3.7%

)
o
=
]
=
L=
k=
)
2
e
=
S
=
S
o

2%

0%
0 30 60 120 180 240 300
No. at risk Days after index PCI

12-month DAPT 1509 1501 1486 1481 1469 1458 1442
1-month DAPT 1500 1494 1479 1475 1468 1453 1441

*CV death, MI, ST, stroke, or TIMI major/minor bleeding o
Kimura T. ACC 2019 - NewYork-Presbyterian




STOPDAPT-2

3,045 pts (few excl, but no OAC) rand to DAPT for 1 mo followed
by C alone vs. A+C x12 mo after Xience at 90 Japanese centers.
38% ACS, mean SS 8, IV imaging in 98%. 2° EP TIMI Bleeding

=== 1-month DAPT
HR 0.26, 95%CI (0.11-0.64) we= 12-month DAPT

P superiority =0.004

Log rank P=0.002

Q
9
c
Q
©
o
E
Q
IE
L
1o
=
E
= |
O

2% 1.5%

i 0.4%
0%

0 30 60 120 180 240 300 360
Days after index PCI

No. at risk
12-month DAPT 1509 1504 1491 1487 1480 1471 1462 1180

1-month DAPT 1500 1495 1483 1481 1477 1467 1457 1166
__..)' m CoLusmia UNIVERSITY
oL ) Kimura T. ACC 2019 e
4 5 NewYork-Presbyterian




STOPDAPT-2

3,045 pts (few excl, but no OAC) rand to DAPT for 1 mo followed
by C alone vs. A+C x12 mo after Xience at 90 Japanese centers.
38% ACS, mean SS 8, IV imaging in 98%. 2° EP MACE*

=== 1-month DAPT
HR 0.79, 95%CI (0.49-1.29) ——= 12-month DAPT

P non-inferiority =0.005
P superiority =0.34

Log rank P=0.34

2.5%

@
o
c
7]
=
1=
=
o
2
-t
©
>
E
3
o

2.0%

0%
0 30 60 120 180 240 300

No. at risk Days after index PCI

12-month DAPT 1509 1504 1490 1488 1479 1473 1458
1-month DAPT 1500 1495 1480 1476 1471 1458 1446

( SOLUMBIA IVERSITY
:-)l '.“,u?t:" *CV death, MI, ST Or Stroke @ ;-n.'lil:llr_nl. l.-:tl:.‘:l'u
. Kimura T. ACC 2019 - NewXork-Presbyterian



Short-DAPT Programs in HBR Pts with
Contemporary Polymer-based DES

Study Device

EVOLVE Short DAPT
NCT02605447 Synergy

POEM

NCTO03112707 Synergy

XIENCE 90

NCT03218787 Xience

STOP-DAPT2 D Xience

NCT02619760

MASTER-DAPT

NCT03023020 Ultimaster

SENIOR D

NCT02099617 Synergy

Onyx ONE TCT

NCT03344653 2019 Onyx Resolute

DAPT Duration

3 months

1 month

3 months

1 month

1 month

1 month (SIHD)
6 months (ACS)

1 month

N

Design

Registry

Registry

Registry

Randomized
(1 vs 12 mo DAPT)

Randomized
(1 vs 12 mo DAPT)

Randomized
(Synergy vs. BMS)

Randomized
(Onyx vs. BioFreedom)

m CoLusmia UNIVERSITY
M  Mepicar CENTER

5 NewYork-Presbyterian




Rationale for Bioresorbable Scaffolds
Metallic DES result In...

ﬁOngoing risk of very late events (Iifelong)\
* Suboptimal outcome in special situations:

. STEMI and NSTEMI (high stent thrombosis rates)
. Bifurcations (jailed side branches)
. Diffuse disease (full metal jacket)

. Treatment of in-stent restenosis (layer on layer)

\Permanent implant not desirable for many p/




15-year Follow-up After BMS (1990-1993)

"l‘ E'FL'JII:I ESCL.HI.:;.'!II_I'

N=405

100
80
~2%/yr event rate Cardiac
60 - after year 1 >4 death/
TV-MI/
50.6% TR
Cardiac
J-"J— death/
TV-MI
25.5%
0 | UL | | | | |
0 45 10 15 20

Years after Stent Implantation

Yamaji K et al. Circ CV Int 2010



17 RCTs, 21,830 patients
TLF Between 0-1 and 1-5 Years by

Stent Type (Landmark Analysis)

30 - Bare Metal Stent
- First Generation DES
Second Generation DES
< 2071
S 17.8%
W ~2%l/yr event rate
I__I after year 1
10 - 9.5%
8.1% 7.5%
7.4%
4.6%
=
0-I 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54 60
Time in Months
No. at risk
Bare Metal Stent 1,830 1,636 1,468 1,425 1,401 1,365 1,340 1,314 1,272 1,223 480
First Generation DES 4591 4296 4,124 4,022 3,929 3,828 3477 3,172 2,860 2,465 1,474
Second Generation DES 9955 9,606 9,334 9,149 8,962 8,799 8,160 5,125 4,559 3,852 2,366

0 Soiovascular Madhaven M et al. Submitted W e
' Research Foundation i 4 NewYork-Presbyterian



Why do we Need a New Approach for
Coronary Artery Disease?
Very late adverse events after metallic stents

In-stent restenosis (at 15 years)

'

Stent thrombosis (at 17 years)

.‘F - ———
| /

',‘3 Cardiovascular Yamaji K et al. Circ CV Int 2010 i



ABSORB Absorb BVS

PLLA Backbone
« Semi-crystalline

» Circumferential sinusoidal rings
connected by linear links

 Strut thickness 150 um

~+ Platinum markers in each end
ring

Everolimus/PDLLA (1:1) matrix
coating

Fully e 7 um

Bioresorbable « Conformal coating

» Controlled drug release similar to
Xience CoCr-EES

__g_ Corvmsia UNIVERSITY
CARDIWASCULAR RESEARCID Mepical CENTER

llllllllll

A Possinn for famsrarion 5 NewYork-Presbyterian
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ABSORB Full Bioresorption
of Absorb Within ~3 Years
orcine Histology

- — m—

BN Cordgiovascular H uman O CT Macoous Carrres
' Research Foundation



18s0re - Metallic DES vs. Absorb BVS

Representative Human images at 5 Years

o A 5-; "x 5 e =

g e | ’S
prat R,
A .
- -"'ﬁx 4""'{'
-y . _r " ’
Metallic DES' Absorb-Treated Artery?
P\ Codiovascular 1Atherosclerosis 2014;237:23e29 Gy Corvsma Usrvansiry

W Research Foundation 2 Images courtesy of S Windecker, ABSORB CohortB 5 Yrs ~ NewYork-Presbyterian



Treatment with BVS

Substantial lumen enlargement due to plaque
regression and adaptive remodeling

ﬁ 2 mm B 2 2 m C o 1 z me

Lumen area=4.51mm? Lumen area=5.09mm?

ABSORB

Lumen area=5.31mm?

L et
o o

6
months .

Lumen area=5.51mm?

uuuuuuuu




LAD

Never go away!
1;-:--:

-

Jailed Side Branches
with Metallic Stents

Longitudinal view FH-II'lmugh i
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Unjailing Side Branches with
Absorb BVS

Post-
procedure 1 Year 3 Years 5 Years

Longitudinal

Eumpaﬂm&nts 3,
area I‘reefrﬂm ' fs:

Single
cut plane

L~ Cardiovascular Onuma Y et al. Circ Cardiovasc Interv 2017:on-line \© O e il
@ Research Foundation g , J



Unjailing Side Branches with
Absorb BVS

Post-
procedure 1 Year 3 Years 5 Years

Longitudinal

Single
cut plane

"\ Cardiovascular Onuma Y et al. Circ Cardiovasc Interv 2017;0n-line



Unjailing Side Branches with

Absorb BVS

Post-
procedure 1 Year 3 Years 5 Years

Longitudinal

Single
cut plane

"\ Cardiovascular Onuma Y et al. Circ Cardiovasc Interv 2017;0n-line



Unjailing Side Branches with
Absorb BVS

Post-
procedure 1 Year 3 Years 5 Years

Longitudinal

Single
cut plane

"\ Cardiovascular Onuma Y et al. Circ Cardiovasc Interv 2017;0n-line



sesore - ABSORB: 3-year Outcomes

Meta-analysis of 4 BVS vs. EES RCTs (n=3,389 pts)

3-Year TLF

30% —
— BVS
= CoCr-EES
2 25%
(i}
5 20% —
;:T_: HR [95% CI] = 1.40 [1.11, 1.78]
c  15% p=0.001
©
(7)) 11.2%
2 0%
T 8.1%
2
5% —|
]
|_
0% — | | | | | |
) 6 12 18 24 30 36
S Time Post Procedure (Months)
Absorb BVS 2161 1997 1904 1814
Xience Co-Cr EES 1223 1103 1058 1040
" Cardiovascular Gl Sovmem Dervassiey

' Research Foundation

Ali Z et al. Circulation 2018;137:464-79

~ NewYork-Presbyterian



sesore - ABSORB: 3-year Outcomes

Meta-analysis of 4 BVS vs. EES RCTs (n=3,389 pts)

3-Year Device Thrombosis

30% —
— BVS

— CoCr-EES

2 25%

e

g 20% —|

o]

g 15% —

.

=

® 10%— HR [95% CI] = 3.79 [1.72, 8.36]

3]

> p=0.0002

8 5% |

2.3%
S | | | | | 0.6%
0 6 12 18 24 30 36
_ Time Post Procedure (Months)

Number at risk
Absorb BVS 2161 2092 2042 1981
Xience Co-Cr EES 1223 1195 1169 1144

" Cardiovascular
' Research Foundation

Ali Z et al. Circulation 2018;137:464-79

Gt? Covusana Usivenrs: Y
il Mrprcar Cexnten

~ NewYork-Presbyterian



ABSORB ABSORB: 4-year Outcomes

Meta-analysis of 4 BVS vs. EES RCTs (n=3,389 pts)

4-Year TLF (Landmark)

N RN
oo o N

Target Lesion Failure (%)
(@))

— Absorb (n=2,161)
Xience (n=1,223)

11

7.

.6%

9%

HR [95% CI] =
1.14 [0.71, 1.84]

4 HR [95% CI] = P=0.58
| 1.41[1.12, 1.79] o
P=0.004 2.8%
21 /_,-/ 2.4%
0- "
0] 6 12 18 24 30 36 42 48
Number at risk: Tlme (MOﬂthS)
Absorb 2,161 2,032 1,987 1,935 1,887 1,833 1,970 1,866 1,123
Xience 1,223 1,169 1,144 1,115 1,096 1,064 1,116 1,072 626
N Grdiovascular Gl ST MIVERTE

' Research Foundation

Stone GW. TCT 2018

~ NewYork-Presbyterian



sesore - ABSORB: 4-year Outcomes

Meta-analysis of 4 BVS vs. EES RCTs (n=3,389 pts)
4-Year Device Thrombosis (Landmark)

~ 3| — Absorb (n=2,161) YR [95% CI] =
N - _
o Xience (n=1,223)  3.85 [1.75, 8.50]
5 % P<0.001 2.4%
_‘8 Qo 9.
o L
i g HR [95% CI] =
Jol= 0.72 [0.10, 5.21]
chH 1 P=0.74
° 3 0.6%
o= | 0.2%
‘| 0-I | . | | | | | | | = sl | I0.10/0
0 §) 12 18 24 30 36 42 48
Number at risk: Time (Months)
Absorb 2,161 2,109 2,081 2,049 2,024 1,988 1970 1,892 1,149
Xience 1,223 1,203 1,191 1,169 1,157 1,131 1,116 1,082 634

0 Srdiovasculer Stone GW. TCT 2018



How to Improve BRS Outcomes
Prior to Their Complete Bioresorption

Improv_e the Improve the Device
Technique
nged Thinner Improved
DAPT struts mechanical

properties



Strut Thickness ({um)

I_uPonm

Bioresorbable Scaffolds: Rapidly thinning
2"d Generation BRS

1st Generation BRS

— .
] R
A =1 all
YA 3 N
— o '
Al =3 &
228
: 170
150 | 150 | 150 | 150 125 | 125 | 120
100 | <99 80
| 120
Biotronik Abbott
REVA | \cr1ar ﬁé’:;’rté Amaranth | ELIXIR |pREAMS to| REVA | Manli DEE"éﬁ'the Meril | Absorb ':‘Amarfnjh
ReZolve BVS Fortitude | DESolve Magmaris | Fantom Mirage Cx MeRes100 BVS agnitude
gen 2
PolyCarb | PDLLA PLLA PLLA PLLA Mg, PLLA [PolyCarb| PLLA PLLA PLLA PLLA PLLA
SES None EES SES MES SES SES SES NES EES EES SES

D

" Cardiovascular
v

Research Foundation

SES = sirolimus-eluting scaffold, EES = everoliumus-eluting scaffold
MES=myolimus-eluting scaffold, NES = novolimus-eluting scaffold

Covvsama UsiversiTy
Mreprcar Center

~ NewYork-Presbyterian




Conclusmns The Evolutlon of PCI

It has been an exéltlné rlde with may twists
and turns — but the best is yet to come!




