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Evolution of Coronary Stent Innovation  

• Late stent failures  

• in-stent restenosis (ISR)  

• Late stent thrombosis (LST)   

BMS DP-DES BP-DES BRS ?? 

• With risk of impaired vascular healing  
• chronic local inflammatory reaction & 

restriction of vascular vasomotion 



In stent restenosis 

• Higher degree of vessel injury with stent increased the extent of NIH 

• Dominant cause of restenosis after stent implantation. 

• Inflammatory response to vessel wall injury  

• fibroblast growth and smooth muscle cell hyperplasia.  

• Mechanistically contributing factors to ISR 

• Acute or subacute prolapse of the disrupted plaque 

• Elastic recoil of the vessel wall 

• Constrictive remodeling  

• Neointimal hyperplasia (due to ECM deposition and SMC hyperplasia)  

• De novo in-stent atherosclerosis (neoatherosclerosis) 

• Angiographic restenosis 

• re-narrowing of > 50% of the vessel diameter as determined by coronary angiography 

• Clinical restenosis 

• restenosis accompanied by requirement for re-treatment (Sx or sign of ischaemia) 

 



From DP-ZES vs BP-BES (SORT OUT VI) trial… 

Lancet 2015;385:1527 

• Clinical restenosis 



Stent thrombosis 

• Characterized by angiographic or postmortem evidence of recently formed thrombus in 

a previously stented segment 

• Mix of thrombotic and inflammatory components including platelet-rich thrombus, 

fibrin fragments, and leukocytes of both neutrophil and eosinophil lineage. 

Eur Heart J. 2016;37:1538 



Incidence of ST 

J Am Coll Cardiol Intv 2013;6:1267 

• 18,334 patients undergoing PCI from 1998 to 2011 at 2 centers in Germany 

• Treatment with BMS, G1-DES, and G2-DES 

Landmark Analysis of ST 

1.5% 

2.2% 

1.0% 



Risk factors of stent failure 

ISR ST Stent fracture 

Neoatherosclerosis as a common pathway in stent failure !! 



IVUS findings in stent thrombosis 
- RI & malapposition 

JACC Cardiovasc Interv. 2012;5:12 



OCT findings in stent thrombosis 
- Strut coverage & malapposition 

JACC Cardiovasc Interv. 2012;5:12 



Key mechanisms of DES failure 

 Stent underexpansion 

Malapposition 

 Incomplete lesion/stent coverage 

  In-stent neoatherosclerosis 



Stent Thrombosis of 1st G. DES : 
Hypersensitivity reaction to polymer 

Extensive inflammation with a focal giant cell reaction around stent 
strut (*) and surrounding polymer 

giant cells (arrowheads) 
around a polymer remnant that has separated 
from stent strut and numerous eosinophils 
within arterial wall. Virmani et at. Circulation 2004 

…. concerns about the potential for late stent thrombosis with DES related to 
hypersensitivity reaction to polymer and delayed vessel healing …. 



Evolution of Coronary Stent Innovation  

• Late stent failures  

• in-stent restenosis (ISR)  

• Late stent thrombosis (LST)   

BMS DP-DES BP-DES BRS ?? 

• With risk of impaired vascular healing  
• chronic local inflammatory reaction & 

restriction of vascular vasomotion 



HATTRICK-OCT Trial 

 Early neointimal coverage (OCT) and vasodilator response (invasive thermodilution-derived CFR at 3M)  

 BP-SES vs. DP-ZES in 44 ACS pts. 

 Primary endpoints :  

     % uncovered struts & CFR 

Circ J 2015; 79: 360 



BP- vs DP-DES for late loss 

 Meta-analysis including 20 studies w/ 20,005 pts (median clinical fup of 1 year) 

 

Catheter Cardiovasc Interv. 2014;83:E193 



BP- vs DP-DES for late loss 

 In-stent late lumen loss 

Catheter Cardiovasc Interv. 2014;83:E193 

 In-segment late lumen loss 



BP- vs DP-DES for harder endpoints 

 Weighted Mean Differences & Odds Ratios for Various Endpoints 

Catheter Cardiovasc Interv. 2014;83:E193 



BP-DES vs 2nd G. DP-DES 

 Meta-analysis including 16 RCTs w/ 19,886 pts (mean duration 26 months). 

J Am Coll Cardiol Intv 2017;10:462 



BP-DES vs 2nd G. DP-DES 

 Cardiac death 

J Am Coll Cardiol Intv 2017;10:462 

 TVR 



BP-DES vs 2nd G. DP-DES 

 ST 

J Am Coll Cardiol Intv 2017;10:462 

 MI 



BP-DES vs 2nd G. DP-DES  
- beyond 1 year 

 Landmark analysis for cardiac outcomes 

 

J Am Coll Cardiol Intv 2017;10:462 

 VLST 



BP-DES vs 2nd G. DP-DES  
- subgroup analysis 

J Am Coll Cardiol Intv 2017;10:462 



J Am Coll Cardiol 2014;63:299 

BMS vs DP-DES vs BP-BES for clinical outcomes 

 Network meta-analysis using 89 trials w/ 85,490 pts (BMS, DP-DES, &  BP-BES) 

 Principal endpoint : definite or probable ST within 1 year. 

 



J Am Coll Cardiol 2014;63:299 

BMS vs DP-DES vs BP-BES for late (> 1 year) 
outcomes 



BMJ. 2013 Nov 8;347:f6625 

BMS vs DP-DES vs BP-BES 
- mixed treatment comparison meta-analysis 

 126 randomized trials & 258,544 pt years of fup 

 Long term efficacy (TVR, TLR) & safety (death, MI, ST)  

 Landmark analysis  



BMJ. 2013 Nov 8;347:f6625 

BMS vs DP-DES vs BP-BES 
- Landmark analysis beyond 1 year 



Porcine coronary model 

3M histomorphometric analysis 

 

6M histomorphometric analysis 

 

EuroIntervention. 2014;10:717 

Biodegrada

ble polymer 

 

Durable 

polymer 

 



OCT substudy of NEXT trial 

 91 pts (55 EES-treated lesions in 48 patients and 51 BES-treated lesions in 43 patients)  

 8–12 months follow-up OCT imaging 

Circ J 2014; 78: 2408 



Ultimaster 

− 

• 

• 

 
• 

• 



Various clinical programs covered by Ultimaster® 

Barbato E et al. EuroIntervention. 2015;11:541–8; Saito S et al. Eur Heart J 2014;35:2021–31; Stojkovic S et al. Fundam Clin Pharmacol 2015;29:95–105; Barbato E. 

Presented at EuroPCR 2015, abstract OP047; Stankovic G. Presented at EuroPCR 2015; Smits P. Presented at EuroPCR 2015; Data on file at Terumo Corporation  



CENTURY II series 

CENTURY II 
NSTEMI subgroup/ 

MASTER 

CENTURY II 
Long lesion subgroup 

CENTURY II 
Diabetes subgroup 

CENTURY II 
Bifurcation subgroup 

CENTURY II 
Multivessel disease  

subgroup 

CENTURY II 
Small vessel  

subgroup 



A large, prospective, multicentre, intercontinental study has directly studied  

Ultimaster vs Xience 

 

 
Patients requiring 

PCI 
(N=1119)* 

Ultimaster (n=562) 

Xience (n=557) 

R 
1:1 

Clinical follow-up 
0 4 yr 30 d 4 mo 

Reported Ongoing 

5 yr 3 yr 12 mo 2 yr† 9 mo 

Primary endpoint : Freedom from TLF at 9 months 

*1123 enrolled, 1119 in intention-to-treat population; †2-year data reported for key subgroups; TLF, target lesion failure 
 
Saito S et al. Eur Heart J 2014;35:2021–31; Lesiak M. Presented at EuroPCR 2015, abstract OP016; Merkely B. Presented at EuroPCR 2015, abstract OP
135; Iniguez R. Presented at EuroPCR 2015, abstract OP071; Valdés M. Presented at EuroPCR 2015, abstract OP043. 

CENTURY II: Head-to-head study vs Xience 



Primary endpoint was met. Ultimaster showed similar freedom from TLF 
to Xience in first 9 months.  

Favourable outcomes in a randomized study vs Xience 

Ultimaster 551 539 539 538 536 536 533 531 530 527 527 

Xience 550 537 537 536 534 534 534 532 527 525 521 

No. patients  at risk 

Xience  
5.27%  

(95% CI: 3.69 to 7.50%)  

Ultimaster 
4.36% 

(95% CI: 2.94 to 6.43%) 

p=0.9873 
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Eur Heart J 2014;35:2021–31 

CENTURY II: Head-to-head study vs Xience 



TLF rate remained similar for Ultimaster and Xience for up to 2 years 

 

• presented at TCT2015 

Xience  
6.6%  

(95% CI: 4.8 to 9.0%)  

Ultimaster 
6.5% 

(95% CI: 4.8 to 8.9%) 

CENTURY II: Head-to-head study vs Xience 



There are no VLST reported between 12 and 24 months for Ultimaster,  

which further demonstrated good safety profile for this stent. 

 

• Saito S presented at TCT2015. 

Ultimaster  

Npt=551   

Xience 

Npt=550   
P-value 

Stent thrombosis, Def+prob 6 (1.1)  6 (1.1)  0.99 

       early, n (%)  3 (0.54)  3 (0.55)   

       late,  n (%)  3 (0.54)  3 (0.54)  

       very late,  n (%)  0 (0.0) 0 (0.0) 

DAPT,  

       12 months, %  66.1  64.9 0.68  

       24 months, %  31.1  29.2  0.50  

Any bleeding, %   

       12 months, %  8.0  10.7  0.12  

       24 months, %  9.8  11.5  0.37  

Any angina  

       12 months, %  5.8  5.3  0.74  

       24 months, %  5.5  7.4  0.23  

CENTURY II: Head-to-head study vs Xience 



Safety & efficacy confirmed in high-risk patients 

Death and MI at 2 years remained low and comparable to Xience:1,2 
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p=0.13 p=0.36 p=0.82 p=0.18 p=0.74 p=0.62 

9 3,4 5 6 7 8 

N=189 N=178 N=533 N=514 N=260 N=346 

• 1. Based on ST rates from CENTURY and CENTURY II trials, Ultimaster IFU and data on file at Terumo Corporation; 2. Saito S et al. Eur Heart J 2014;35:2021–31; 3. Orvin K et 
al. Catheterization cardiovascular interventions. DOI: 10.1002/ccd.26150; 4. Merkely B. Presented at EuroPCR 2015, abstract OP135; 5. Valdés M. Presented at EuroPCR 201
5, abstract OP043; 6. Wöhrle J et al. Presented at EuroPCR 2015, abstract OP066; 7. Iniguez R. Presented at EuroPCR 2015, abstract OP071; 8. Fabbiocchi F et al. Presented a
t EuroPCR 2015, abstract POS155; 9. Lesiak M. Presented at EuroPCR 2015, abstract OP016. 



 

Clinically driven TLR at 2 years remained low and comparable to Xience:1 

Proven clinical efficacy 
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1. Saito S et al. Eur Heart J 2014;35:2021–31; 2. Orvin K et al. Catheterization cardiovascular interventions. DOI: 10.1002/ccd.26150; 3. Merkely B. Presented at Euro
PCR 2015, abstract OP135; 4. Valdés M. Presented at EuroPCR 2015, abstract OP043; 5. Wöhrle J et al. Presented at EuroPCR 2015, abstract OP066; 6. Iniguez R. Pres
ented at EuroPCR 2015, abstract OP071; 7. Fabbiocchi F et al. Presented at EuroPCR 2015, abstract POS155; 8. Lesiak M. Presented at EuroPCR 2015, abstract OP016. 

Safety & efficacy confirmed in high-risk patients 



CENTURY II  
- Bifurcation lesions 

Xience 

11.11% 
[5.68% ; 19.01%] 

Ultimaster 
7.37%  

[3.01%; 14.59%] 

EuroPCR 2017  

Target Lesion Failure at 48 months 



CENTURY II  
- Multivessel disease 

EuroPCR 2017  

TLF Kaplan-Meier curves – 4 years 
Xience 

11.07%  

[7.87% ; 15.45%] 

Ultimaster 

9.82%  
[6.84% ; 13.99%] 

Target Lesion Failure at 48 months 



CENTURY II  
- MVD & DM 
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EuroPCR 2017  

Target Lesion Failure at 48 months 



CENTURY II  
- Small vessel disease 

EuroPCR 2015  

Xience 
7.82% 

 [5.06%; 11.98%]  

Ultimaster® 

7.38%  
[4.83%; 11.21%] 

Target Lesion Failure at 24 months 



CENTURY II  
- NSTEMI subgroup/MASTER 

EuroPCR 2017  

Cardiac death or MI Kaplan-Meier curves – 4 years 

Xience 

9.43%  

[5.19% ; 16.82%] 

Ultimaster 

6.19%  
[2.83% ; 13.25%] 

Target Lesion Failure at 48 months 



CENTURY II 
- Long lesion 
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EuroPCR 2017  

Long lesion treated with overlapping stents (n=110) 

Clinical outcomes at 48 months 



Safety and efficacy of Ultimaster in STEMI patients  

43 

Patients with  
STEMI 

(N=500) 

Ultimaster (n=375) 

Kaname BMS (n=125) 

R 
3:1 

Clinical follow-up 
0 30 d 6 mo* 12 mo 3 yr 2 yr 

Reported Ongoing 

Angiographic subset  
n=135 

M. VALDES-CHAVARRI. Presented at EuroPCR 2016  

MASTER: 500 STEMI patients, randomised 3:1 vs Kaname BMS 

Generate further evidence for benefits of primary PCI with BP- DES in patients with STEMI 

 

 

Triple primary endpoint at 1 (safety), 6 (efficacy) and 12 months (safety/efficacy) 
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Ultimaster BMS

% 

Primary safety endpoint at 1 month was met. 

Primary safety endpoint:  
Composite of all-cause death, recurrent MI, unplanned infarct-related artery (IRA) revascularization, stroke,  
definite stent thrombosis or major bleeding at 1 month 

P=0.22 P=0.60 P=0.04 P=1.00 P=0.58 P=0.07 P=0.13 

Safety and efficacy of Ultimaster in STEMI patients  

M. VALDES-CHAVARRI. Presented at EuroPCR 2016  
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Ultimaster BMS

P=0.60 P=1.00 P=0.0004 P=0.002 P=0.007 P=0.02 P=0.78 
% 

P=0.10 

TVF : Target Vessel Failure (composite endpoint of cardiac death and MI not clearly attributable to a non-target vessel
,   and clinically driven TVR) 
* Definite or probable ST according to ARC definitions 

Ultimaster showed significant diffference with BMS in TVF at  12 month 

Safety and efficacy of Ultimaster in STEMI patients  

M. VALDES-CHAVARRI. Presented at EuroPCR 2016  

Primary endpoint: TVF at 12 M. 



0d 1 Mo 0d 12 mo 

DISCOVERY 1TO3 
- Assess endothelial coverage at 1, 2 and 3 months by OFDI 

6mo 

3 mo 

 
Baseline            Staged 
Stent(s)            Stent(s)  
 

1 and 3 month OFDI  
stent strut coverage data 

2 month OFDI  
stent strut coverage data 

Clinical Follow-up 

PCI + OFDI 
BL stents 

 OFDI 
BL stents 

OFDI 
BL stents 

Bernard Chevalier. Presented at EuroPCR 2016;  

PCI + OFDI 
Staged stents 

OFDI 

DISCOVERY 1TO3 

Investigate possibility for shorter DAPT by generating relevant clinical scientific data 

60 MVD patients with OFDI, single arm, primary endpoint  TLF @ 12M.  

 



85% strut coverage as early as 1 month 

84.9 ± 13.1 87.6 ± 11.4 95.2 ± 5.2 
% 

P < 0.01 

Stent Length:      19.9 ± 5.6           18.6 ± 6.7 19.9 ± 5.6 

Frequency of covered strut 

Presented at EuroPCR 2016  



MECHANISM-ULTIMASTER trial 

− 

2018 EURO PCR 



 

 

 

 

 

Baseline 1M group 3M group 12M FU 

MECHANISM-UM 

Elective 

n=100 

MECHANISM-UM 

AMI 

n=100 

Index  
Procedure  

OFDI 

Index  
Procedure  

OFDI 

Index  
Procedure  

OFDI 

Index  
Procedure  

OFDI 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

n=50 
OFDI 
Angio 

MECHANISM-ULTIMASTER trial 

2018 EURO PCR 



MECHANISM-ULTIMASTER trial 

2018 EURO PCR 
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 Advantage of BP-DES 

 Superiority of BP-DES to BMS and 1st G. DP-DES 

 Similar efficacy and safety of BP-DES to 2nd G. DP-DES 

 Limited data on the superiority of EES to BP-DES 

 Higher rates of inflammation during active bioresorption of polymer 

 Ultimaster put up a good fight against EES. 

 Biodegradability of polymer & the optimal combination of stent alloy, design, 

strut thickness, polymer, and drug all combined determine the safety of DES. 




