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ARTICLE INFO ABSTRACT

Article history: Background: Thin-strut biodegradable polymer sirolimus-eluting stents (BP-SES) have been shown to reduce tar-
Recewed 2 SEPFEmber 2020 get lesion failure (TLF) at one-year follow-up compared with durable polymer everolimus-eluting stents (DP-
Received in revised form 3 February 2021 EES) among patients with acute coronary syndrome (ACS). The long-term clinical benefits of thin-strut BP-SES

Accepted 5 February 2021 over DP-EES in ACS patients after complete degradation of the polymer coating remain uncertain.

Methods: We performed a post-hoc subgroup analysis of ACS patients included into the BIOSCIENCE randomized

ﬁiﬁ Ocrgi)nar syndrome trial (NCT01443104). The primary endpoint was target lesion failure (TLF), a composite of cardiac death, target-
Biodegra dableypg;ymer vessel myocardial infarction or clinically indicated target lesion revascularization, at 5 years.

Drug-eluting stent Results: Among 2119 patients enrolled between March 2012 and May 2013, 1131 (53%) presented with ACS. The
Clinical outcomes 5-year cumulative incidence of TLF was significantly lower in patients with ACS compared to chronic coronary
syndrome [16.5% vs. 22.9%; rate ratio (RR), 0.69; 95% confidence interval (CI), 0.57-0.85; p < 0.001]. At
5 years, TLF occurred similarly in ACS patients treated with BP-SES and DP-EES (16.9% vs. 16.0%; RR, 1.04; 95%
Cl,0.78-1.41; p = 0.78). The individual components of the primary endpoint did not differ between ACS patients
treated with BP-SES or DP-EES at 5 years. Overall, there was no interaction between clinical presentation and
treatment effect.

Conclusions: In a subgroup analysis of the BIOSCIENCE trial, we found no difference in long-term outcomes be-

tween ACS patients treated with BP-SES or DP-EES at 5 years.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

— 1. Introduction
Abbreviations: ACS, acute coronary syndrome;; BP-SES, biodegradable polymer

sirolimus-eluting stents;; CCS, chronic coronary syndrome;; CI, confidence interval;;

DES, drug-eluting stent;; DP-EES, durable polymer everolimus-eluting stents;; MI, myo- Percutaneous coronary intervention (PCI) is the preferred revascu-
cardial infarction;; PCI, percutaneous coronary intervention;; RR, rate ratio;; STEMI, ST- larization method for patients with acute coronary syndrome (ACS)
segment elevation myocardial infarction;; TLF, target lesion failure;; TLR, target lesion [1,2]. Compared with bare-metal stents [3,4] and early-generation

revascularization. . .
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improve long-term safety and efficacy outcomes throughout 5 years of
follow-up in patients with ACS. Vessel healing at culprit sites after DES
implantation is however substantially delayed in patients with ACS as
compared to those with chronic coronary syndrome (CCS) [7,8] and is
associated with a long-term risk for recurrent stent-related adverse
events [9].

Newest-generation DES combining thinner-strut cobalt chromium
metallic stent platforms with biodegradable polymers have been intro-
duced to mitigate chronic inflammation and arterial injury, promote
rapid endothelization and improve clinical outcomes following PCI
compared with contemporary second-generation durable polymer
DES. These features might be particularly important in the enhanced
thrombotic and inflammatory environment of ACS [10] and translate
into differential clinical outcomes between different DES technologies.
Thin-strut biodegradable polymer sirolimus-eluting stents (BP-SES)
have been shown to reduce target lesion failure (TLF) at one-year
follow-up compared with durable polymer everolimus-eluting stents
(DP-EES) among ACS patients with [11] and without [12] ST-segment
elevation myocardial infarction (STEMI). It remains however uncertain
whether the clinical benefits of BP-SES over DP-EES persist after com-
plete degradation of the polymer coating. We therefore performed a
subgroup analysis of the BIOSCIENCE trial to assess the long-term clini-
cal outcomes with BP-SES compared to DP-EES in ACS patients.

2. Methods
2.1. Study design and study population

We performed a post-hoc subgroup analysis of patients with ACS en-
rolled into the BIOSCIENCE trial, an investigator-initiated, prospective,
multicenter, assessor-blind, randomized, non-inferiority study that
compared BP-SES with DP-EES in all-comer patients undergoing PCI.
Detailed descriptions of the study rationale, design, inclusion and exclu-
sion criteria, methods, and data management have been previously re-
ported [13]. Briefly, CCS or ACS patients with at least one >50%
diameter de novo stenotic or in-stent restenotic lesion in a native coro-
nary artery or a bypass graft suitable for stent implantation were ran-
domly assigned in a 1:1 ratio to treatment with BP-SES or DP-EES. The
study complied with the Declaration of Helsinki and was approved by
the institutional ethics committees at all participating sites. All patients
provided written informed consent for participation. The trial is regis-
tered with ClinicalTrials.gov number, NCT01443104. The final 5-year re-
sults of the BIOSCIENCE trial have been previously reported [14].

2.2. Study procedures

The experimental BP-SES (Orsiro, Biotronik AG, Biilach, Switzerland)
is a cobalt-chromium alloy stent platform with a strut thickness of
60 um for stent diameters <3.0 mm and 80 pm for stent diameters
>3.0 mm, coated with an amorphous silicon carbide surface layer and
covered by a poly-L-lactic acid polymer with asymmetrical maximal
thickness of 7.5 um on the abluminal and 3.5 um on the luminal stent
surfaces [15]. The biodegradable polymer matrix releases sirolimus at
a concentration of 1.4 ug/mm? of stent surface over a period of
12-14 weeks and degrades completely within approximatively 12--
24 months [15]. The comparator DP-EES (Xience Prime/Xpedition, Ab-
bott Vascular, Abbott Park, IL, USA) is a thin-strut (81 pm)
cobalt-chromium alloy stent platform coated with a 7.6 pm permanent
vinylidene-fluoride hexafluoropropylene co-polymer, which releases
with everolimus at a dose of 1.00 ug/mm2 of stent surface within
4 months.

A web-based system was used for randomization, which was strati-
fied according to study center and presence or absence of STEMI. PCI
was performed according to local guidelines at the time of enrolment.
Unfractionated heparin (5000 IU or 70-100 IU/kg of body weight) or
bivalirudin were administered during the procedure and the use of

glycoprotein IIb/Illa inhibitors was allowed at the discretion of the oper-
ator. Dual antiplatelet therapy combining acetylsalicylic acid (>250 mg)
with clopidogrel (loading dose, 600 mg; maintenance dose, 75 mg QD),
prasugrel (loading dose, 60 mg; maintenance dose, 10 mg QD), or
ticagrelor (loading dose, 180 mg; maintenance dose, 90 mg BID) was
started before, or at the time of, PCI and prescribed for a recommended
duration of 12 months.

2.3. Study definitions and endpoints

ACS was defined according to clinical manifestation,
electrocardiography and cardiac biomarkers and included unstable an-
gina, non-ST-segment elevation myocardial infarction (NSTEMI) and
STEMIL. The primary endpoint was target lesion failure (TLF), a compos-
ite of cardiac death, target-vessel myocardial infarction (MI), or clini-
cally indicated target lesion revascularization (TLR), within 5 years. A
clinical events committee blinded to treatment assignment indepen-
dently adjudicated all adverse events. The definitions of all primary
and secondary endpoints are detailed in the Supplementary Appendix.

24. Statistical analyses

Clinical outcomes were compared according to clinical presentation
(ACS versus CCS) and stent type (BP-SES versus DP-EES). All analyses
were performed according to the intention-to-treat principle. The re-
sults are presented as percentages for categorical variables and analyzed
using the chi-square test or the Fisher's exact test, as appropriate. Con-
tinuous normally distributed variables are expressed as means + stan-
dard deviations and compared using the two-tailed Student's t-test. We
used the Mantel-Cox method to calculate rate ratios (RR) with 95% con-
fidence intervals (CI) and p values were calculated with the log-rank
test. We used time to first event for each outcome, and report numbers
of patients and Kaplan-Meier estimates of cumulative incidence. We
used approximate Mantel-Haenszel y? tests for effect modification to
identify interactions between patient subgroups in the effect size. A p-
value of 0.05 was considered as statistically significant. SPSS software
(version 24.0.0, SPSS Inc., Chicago, Illinois, USA) was used for all statistical
analyses.

3. Results

Between March 1, 2012 and May 31, 2013, 2119 patients (3139 le-
sions) were enrolled in the BIOSCIENCE trial, of which 1063 (577 ACS
and 486 CCS) patients were randomly allocated to treatment with BP-
SES and 1056 (554 ACS and 502 CCS) patients were randomly allocated
to treatment with DP-EES (Fig. 1). At 5 years, follow-up data were avail-
able for 2008 (94.8%) patients (Fig. 1). Baseline clinical characteristics
stratified by presence or absence of ACS are summarized in Table 1.
The mean age was 64.6 £ 12.3 and 64.8 & 12.3 years among ACS pa-
tients treated with BP-SES and DP-EES, respectively. In the ACS sub-
group, diabetes mellitus was present in 114 (19.8%) patients treated
with BP-SES and in 103 (18.6%) patients treated with DP-EES. Among
ACS patients, 287 (49.7%) patients treated with BP-SES and 284
(51.3%) patients treated with DP-EES presented with NSTEMI, whereas
212 (36.7%) patients receiving BP-SES and 196 (35.4%) patients
receiving DP-EES presented with STEMI. At 5-year follow-up, 83
(14.6%) patients treated with BP-SES and 86 (15.8%) patients treated
with DP-EES were on dual antiplatelet therapy in the ACS subgroup.
Baseline angiographic and procedural characteristics are summarized
in Supplementary Table 1. There were no significant differences in target
lesion characteristics among ACS patients treated with BP-SES and DP-
EES. In the ACS subgroup, thrombus aspiration was performed similarly
in 145 (17.3%) patients treated with BP-SES and in 124 (15.7%) patients
receiving DP-EES.

The 5-year cumulative incidence of TLF (16.5% vs. 22.9%; RR, 0.69;
95% (I, 0.57-0.85; p < 0.001) was significantly lower among patients
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| 2129 patients were randomized |

Excluded:
10 provided preliminary consent, but refused

definite consent
3 randomly allocated to BP SES

| 2119 patients included

| 7 randomly allocated to DP EES

I

I

1063 were allocated to BP-SES (1594 lesions)
1045 received at least one BP-SES stent (1570 lesions)

1042 received only BP-SES stent (1566 lesions)
1 received BP-SES (1 lesion) and DP-EES (1 lesion)
2 received BP-SES and non-study DES (2 lesions)

11 received only other stent (16 lesions)
9 received DP-EES stent (13 lesions)
2 received BMS (3 lesions)

6 had PCl, but received no stent (6 lesions)

1 had CABG (2 lesions)

| l

|

1056 were allocated to DP-EES (1545 lesions)

1046 received at least one DP-EES stent (1533 lesions)
1044 received only DP-EES stent (1530 lesions)
1 received DP-EES stent (1 lesion) and with BP-SES stent (1 lesion)
1 received DP-EES stent with BMS (1 lesion)

7 received only other stent (9 lesions)
6 received BP-SES stent (8 lesions)
1 received BMS (1 lesion)

2 had PClI, but received no stent (2 lesions)

1 had CABG (1 lesion)

! l

577 ACS BP-SES | | 486 CCS BP-SES

554 ACS DP-EES || 502 CCS DP-EES

29 lost to follow up before 5 years
13 refused follow-up

15 lost to follow up before 5 years
12 refused follow-up

14 lost to follow up before 5 years
10 refused follow-up

13 lost to follow up before 5 years
5 refused follow-up

535 follow up information for clinical 459 follow up information for clinical

530 follow up information for clinical 484 follow up information for clinical

primary endpoint available up to 5 years
464 followed up and alive
71 followed up and died

primary endpoint available up to 5 years
391 followed up and alive
68 followed up and died

primary endpoint available up to 5 years
478 followed up and alive
52 followed up and died

primary endpoint available up to 5 years
431 followed up and alive
53 followed up and died

577 analyzed for primary clinical endpoint
42 censored at time-point of refusal or loss
to follow-up

486 analyzed for primary clinical endpoint
27 censored at time-point of refusal or loss
to follow-up

554 analyzed for primary clinical endpoint
24 censored at time-point of refusal or loss
to follow-up

502 analyzed for primary clinical endpoint
18 censored at time-point of refusal or loss
to follow-up

Fig. 1. Patient flow chart according to the CONSORT statement.

with ACS as compared to those with CCS. The difference was mainly
driven by lower rates of target-vessel MI (5.5% vs. 8.1%; RR, 0.66; 95%
Cl, 0.47-0.94; p = 0.019) and clinically indicated TLR (8.6% vs. 12.4%;
RR, 0.68; 95% CI, 0.51-0.90; p = 0.006) at 5 years among ACS patients
compared with patients with CCS, whereas the risk of stent thrombosis
was similar between groups (Supplementary Table 2). In a landmark
analysis, the incidence of TLF remained significantly lower in patients
with ACS compared to those with CCS (14.9% vs. 20.3%; RR, 0.72; 95%
Cl, 0.58-0.89; p = 0.002) beyond 30 days of index revascularization
throughout 5 years, a difference driven by a lower risk of clinically indi-
cated TLR (8.4% vs. 11.6%; RR, 0.72; 95% CI, 0.54-0.96; p = 0.024),
whereas rates of MI and stent thrombosis beyond 30 days did not differ
between ACS and CCS groups (Supplementary Table 3).

At 5 years, TLF occurred in 89 patients (cumulative incidence, 16.9%)
treated with BP-SES and in 85 patients (16.0%) treated with DP-EES (RR,
1.04; 95% C1, 0.78-1.41; p = 0.78) in the ACS group, and in 109 patients
(24.1%) treated with BP-SES and 104 patients (21.8%) treated with DP-
EES (RR, 1.11; 95% (I, 0.85-1.45; p = 0.46) in the CCS group (p for inter-
action = 0.77) (Table 2, Fig. 2). The cumulative incidences of cardiac
death (8.0% vs. 7.0%; p = 0.66), target-vessel MI (5.2% vs. 5.8%; p =
0.66) and clinically indicated TLR (8.9% vs. 8.3%; p = 0.63) at 5 years
were similar among ACS patients treated with BP-SES or DP-EES
(Table 2, Fig. 2). The cumulative 5-year incidences of definite (1.4% vs.
1.0%; p = 0.57) and definite or probable (5.7% vs. 6.8%; p = 0.42)
stent thrombosis did not differ between ACS patients treated with BP-
SES or DP-EES (Table 2). In a landmark analysis, the incidence of TLF
and its individual components did not differ between 1 and 5 years in
patients with ACS and CCS treated with BP-SES or DP-EES
(Supplementary Table 4).

4. Discussion

In a post-hoc subgroup analysis of the BIOSCIENCE trial, we found a
consistent treatment effect between BP-SES and DP-EES with respect to
the composite endpoint of TLF at 5 years of follow-up among ACS and
CCS patients. In patients with ACS, BP-SES did not confer additional
long-term clinical benefits compared to DP-EES at 5 years. To our
knowledge, the present study is the first to assess the long-term effects
of thin-strut biodegradable polymer DES in patients with ACS versus
CCS and represents the first head-to-head randomized comparison of
BP-SES versus DP-EES in ACS patients throughout 5 years.

Consistent with recent evidence [16], the present analysis demon-
strates that, despite most recent improvements in DES technology in-
cluding thinner-strut stent platforms and biodegradable polymers,
stent-related adverse outcomes continue to accrue up to 5 years after
PCI with no evidence of plateauing. In our study, the 5-year TLF rates fol-
lowing PCI with newer-generation DES were however higher than
those observed in a patient-level meta-analysis including > 13,000 pa-
tients treated with second-generation DES [16]. Several factors other
than the DES type may impact on event rates reported across different
trials. Differences in TLF rates need therefore to be interpreted taking
into account patient and lesion complexity, medical therapy, functional
assessment for myocardial ischemia, endpoint definitions, event
reporting, data monitoring and event adjudication, all of which could
have contributed to an overestimation of the 5-year incidence of TLF
in our study.

We observed a lower event rates at 5 years of follow-up after treat-
ment with newer-generation DES in patients with ACS as compared to
those with CCS. The difference was primarily caused by higher rates of
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Table 1
Baseline clinical characteristics.

Acute coronary syndrome

Chronic coronary syndrome

All stents BP-SES DP-EES All stents BP-SES DP-EES
Patients - no. n= 1131 n = 577 n = 554 n = 988 n = 486 n = 502
Age - years (SD) 64.7 + 123 64.6 &+ 12.3 64.8 4+ 12.3 67.6 + 10.3 67.9 4+ 104 67.2 + 10.1
Male gender - no. (%) 877 (77.5%) 449 (77.8%) 428 (77.3%) 755 (76.4%) 369 (75.9%) 386 (76.9%)
Body mass index - kg/m? 276 + 4.7 276 + 4.7 275 + 4.7 278 + 4.3 279 + 43 276 + 4.4

Diabetes mellitus - no. (%)
Orally treated

217 (19.2%)
152 (13.4%)

114 (19.8%)
82 (14.2%)

Insulin-treated 78 (6.9%) 41 (7.1%)
Hypertension - no. (%) 693 (61.4%) 356 (61.8%)
Hypercholesterolemia - no. (%) 676 (59.8%) 351 (60.9%)
Current smoker - no. (%) 388 (34.4%) 203 (35.2%)
Family history of CAD - no. (%) 277 (24.6%) 139 (24.2%)
Previous MI - no. (%) 154 (13.6%) 88 (15.3%)
Previous PCI - no. (%) 197 (17.4%) 117 (20.3%)
Previous CABG - no. (%) 69 (6.1%) 39 (6.8%)
Atrial fibrillation - no. (%) 55 (4.9%) 27 (4.7%)
Previous stroke or TIA - no. (%) 39 (3.4%) 14 (2.4%)
Peripheral vascular disease - no. (%) 62 (5.5%) 29 (5.0%)
Renal failure (GFR < 60 ml/min) - no. (%) 127 (12.0%)? 68 (12.5%)°
Left ventricular ejection fraction - % 53.2 4+ 12.0% 52.8 + 11.8"
Clinical presentation - no. (%)

Unstable angina 152 (13.4%) 78 (13.5%)

NSTEMI 571 (50.5%) 287 (49.7%)
STEMI 408 (36.1%) 212 (36.7%)
Stable angina - -
Silent ischemia - -

Baseline medication - no. (%)

Aspirin 442 (39.8%)™ 226 (39.8%)
Clopidogrel 116 (10.4%)™ 62 (10.9%)
Prasugrel 24 (2.2%)™ 10 (1.8%)
Ticagrelor 55 (5.0%)™ 22 (3.9%)
Any dual antiplatelet therapy 169 (15.2%)™ 83 (14.6%)
Vitamin K oral anticoagulant 43 (3.9%)™ 23 (4.0%)
Non-vitamin K oral anticoagulant 1(0.1%)™ 0 (0.0%)
Any anticoagulant therapy 44 (4.0%)™ 23 (4.0%)
Statins 398 (35.9%)™ 208 (36.7%)
ACE inhibitors or ARB 224 (20.2%)™ 116 (20.5%)
Betablockers 346 (31.2%)™ 183 (32.3%)

103 (18.6%)
70 (12.6%)

269 (27.2%)
193 (19.5%)

143 (29.4%)
97 (20.0%)

126 (25.1%)
96 (19.1%)

37 (6.7%) 83 (8.4%) 49 (10.1%) 34 (6.8%)
337 (60.9%) 741 (75.0%) 372 (76.5%) 369 (73.5%)
325 (58.7%) 752 (76.1%) 361 (74.3%) 391 (77.9%)
185 (33.5%) 221 (22.4%) 106 (21.9%) 115 (22.9%)
138 (24.9%) 310 (31.5%) 153 (31.6%) 157 (31.4%)
66 (11.9%) 273 (27.6%) 135 (27.8%) 138 (27.5%)

0 (14.4%) 420 (42.5%) 208 (42.8%) 212 (42.2%)

0 (5.4%) 142 (14.4%) 4 (15.2%) 68 (13.5%)

8 (5.1%) 108 (10.9%) 6 (11.5%) 2 (10.4%)

5 (4.5%) 57 (5.8%) 25 (5.1%) 32 (6.4%)

3 (6.0%) 114 (11.5%) 6 (13.6%) 8 (9.6%)
59 (11.4%)¢ 155 (16.4%)¢ 83 (17.8%)° 72 (15.1%)°
53.6 + 12.2' 58.7 + 12.1! 589 + 11.7% 584 + 12.5'

4 (13.4%) - - -

284 (51.3%) - - -
196 (35.4%) - - -
- 761 (77.1%) 371 (76.5%) 390 (77.7%)

- 226 (22.9%) 114 (23.5%) 112 (22.3%)

216 (39.8%)° 796 (81.2%) 385 (80.0%) 411 (82.4%)

54 (9.9%)" 172 (17.6%) 67 (13.9%) 105 (21.0%)

14 (2.6%)° 56 (5.7%) 3 (6.9%) 23 (4.6%)
3(6.1%)° 34 (3.5%) 16 (3.3%) 18 (3.6%)
86 (15.8%)" 227 (23.2%) 3 (20.4%) 129 (25.9%)

20 (3.7%)° 93 (9.5%) 50 (10.4%) 43 (8.6%)

1(0.2%)° 5 (0.5%) 3 (0.6%) 2 (0.4%)

21 (3.9%)" 98 (10.0%) 53 (11.0%) 45 (9.0%)

190 (35.0%)°
108 (19.9%)°
163 (30.0%)°

727 (74.3%)
324 (33.1%)
623 (63.6%)

354 (73.6%)
155 (32.2%)
313 (65.1%)

373 (74.9%)
169 (33.9%)
310 (62.2%)

Data expressed as n (%) or mean + standard deviation. ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BP-SES, biodegradable polymer sirolimus-eluting stents;
CABG, coronary artery bypass grafting; DP-EES, durable polymer everolimus-eluting stents; GFR, glomerular filtration rate; MI, myocardial infarction; NSTEMI, non-ST-segment elevation
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic attack.

3 n=1059.
b n =542
¢ n=>517.
4 n=0944,
© n = 466.
f'n=478.
& n=884.
M n =451,
' n =433
i n=2813.
K n = 401.
''n=412.
™ op=1111.

periprocedural target-vessel MI and ischemia-driven TLR in patients
with CCS, which was sustained during the entire time of follow-up.
These findings are consistent with previous studies indicating a higher
risk of ischemic outcomes among patients with CCS as compared to
ACS patients during short- and long-term follow-up [17,18]. Several
reasons may account for this observation. First, even though the
BIOSCIENCE trial was designed to include an all-comers patient popula-
tion, only stable subjects may have been consented for participation due
to the absence of consent-by-proxy directives, hence introducing a se-
lection bias. Second, ascertainment of periprocedural MI can be chal-
lenging in patients presenting with ACS at baseline due to the
elevated preprocedural cardiac biomarkers [19] and may introduce a
risk of underreporting in the ACS cohort. For this reason, we performed
alandmark analysis demonstrating no significant differences in Ml rates

between ACS and CCS patients beyond the periprocedural period
throughout 5 years of follow-up. Finally, ACS and CCS patients differ
with regards to baseline clinical and procedural characteristics, thus in-
dicating a greater atherosclerotic burden and more advanced CAD in pa-
tients with CCS as compared to those with ACS. In comparison to
patients with ACS, CCS patients were older and had a greater cardiovas-
cular risk profile, as suggested by a higher prevalence of diabetes, hyper-
tension, hypercholesterolemia, peripheral artery disease, chronic renal
failure, and prior cardiovascular disease or coronary revascularization
procedures. In addition, the higher prevalence of complex lesions,
such as multivessel disease, chronic total occlusions, venous bypass
graft disease and in-stent restenosis, in the CCS group indicates that
complex coronary interventions were more frequently performed in
CCS than in ACS patients. These differences may potentially explain
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Table 2
Clinical outcomes in patients with acute versus chronic coronary syndrome at 5 years.
Acute coronary syndrome Chronic coronary syndrome p-Value for
R X interaction
BP-SES DP-EES  Rate ratio p-Value BP-SES DP-EES  Rate ratio p-Value
Patients - no. n =577 n =554 (95% D) n =486 n = 502 (95% D)
Target lesion failure® 89(16.9) 85(16.0) 1.04 0.779 109 104 1.11 0460 0.774
(0.78-1.41) (24.1) (21.8) (0.85-1.45)
All-cause death 71(13.3) 52(9.7) 1.36 0.089  68(15.1) 53(109) 1.36 0.092  0.993
(0.95-1.95) (0.95-1.95)
Cardiac death 41(8.0) 37(7.0) 1.10 0664 40(9.1) 39(8.1) 1.09 0.707  0.965
(0.71-1.72) (0.70-1.69)
Myocardial infarction 49(9.9) 58(11.5) 0.83 0334 50(11.1) 60(13.2) 0.87 0472  0.857
(0.57-1.21) (0.60-1.27)
Q-wave myocardial infarction 17 (39) 13(29) 130 0473 15(34) 11(26) 145 0.347 0.842
(0.63-2.68) (0.67-3.16)
Non Q-wave myocardial infarction 36(69) 48(9.2) 0.74 0.169 36(7.9) 49(10.6) 0.76 0.219 0.917
(0.48-1.14) (0.50-1.18)
Target-vessel myocardial infarction 27 (52) 30(58) 0.9 0.657 35(7.6) 39(85) 094 0.793 0.874
(0.53-1.50) (0.59-1.49)
Target-vessel Q-wave myocardial infarction 11(2.1) 8(1.5) 137 0.501 10(2.2) 6(1.3) 1.76 0.269 0.717
(0.55-3.40) (0.64-4.84)
Target-vessel non Q-wave myocardial infarction 17 (3.3) 23(44) 073 0.324 25(54) 33(7.2) 079 0373 0.853
(0.39-1.37) (0.47-1.33)
Cardiac death or any myocardial infarction 81(15.5) 88(16.8) 0.90 0.513 87(19.2) 91(19.3) 1.00 0.993 0.635
(0.67-1.22) (0.75-1.34)
Repeat revascularization (any) 84(16.0) 95(18.3) 0.88 0.408 104 100 1.12 0.405 0.241
(0.66-1.19) (23.2) (21.8) (0.85-1.48)
PCI 81(154) 89(17.2) 091 0.545 96 (21.3) 96(20.9) 1.08 0.606  0.427
(0.67-1.23) (0.81-1.43)
CABG 6(1.2) 12(24) 0.50 0.154 11(26) 10(23) 1.17 0719  0.194
(0.19-1.33) (0.50-2.75)
Target lesion revascularization (any) 49 (9.5) 46(9.0) 1.07 0.742 61(13.8) 60(12.9) 1.08 0.664  0.967
(0.72-1.60) (0.76-1.55)
Clinically indicated target lesion revascularization 46 (8.9) 42 (83) 1.11 0.631 57(12.9) 55(11.8) 1.10 0.612 0.981
(0.73-1.69) (0.76-1.59)
PCI 44(85) 36(7.1) 1.24 0.343 50 (11.3) 51(10.9) 1.04 0.849  0.560
(0.80-1.92) (0.70-1.53)
CABG 4(0.8) 7(1.4) 0.57 0.368 8(1.9) 7 (1.5) 1.22 0.705  0.351
(0.17-1.96) (0.44-3.35)
Target-vessel revascularization (any) 62(11.9) 60(11.7) 1.04 0.837 68 (15.3) 72(15.5) 1.00 0.987 0.889
(0.73-1.48) (0.72-1.40)
PCI 59 (11.3) 54(10.5) 1.10 0616  61(13.7) 68(14.6) 0.95 0.774 0574
(0.76-1.59) (0.67-1.34)
CABG 5(1.0) 8(1.6) 0.63 0406  9(2.1) 8(1.8) 1.20 0713  0.385
(0.20-1.91) (0.46-3.10)
Clinically indicated target-vessel revascularization 60 (11.5) 56 (11.0) 1.08 0.662 65 (14.7) 67 (14.4) 1.03 0.874 0.833
(0.75-1.56) (0.73-1.45)
PCI 58 (11.1) 51(10.0) 1.15 0.463 58(13.0) 64(13.7) 0.96 0.812  0.485
(0.79-1.68) (0.67-1.37)
CABG 4(0.8) 7(1.4) 0.57 0.368 8(1.9) 7(1.5) 1.22 0.705  0.351
(0.17-1.96) (0.44-3.35)
Target vessel failure® 103 101 1.01 0.931 117 118 1.05 0.730  0.864
(19.5) (18.9) (0.77-1.33) (25.8) (24.8) (0.81-1.35)
Death, myocardial infarction or any repeat 154 150 1.02 0.882 171 158 1.15 0.207 0.443
revascularization® (28.3) (28.1) (0.81-1.27) (36.7) (32.8) (0.93-1.43)
Cerebrovascular event (any) 20(39) 26(50) 0.76 0.355 17 (3.8) 12(26) 1.50 0.277 0.154
(0.42-1.36) (0.72-3.15)
Stroke (any)? 15(2.9) 23(45) 064 0182 12(27) 11(24) 115 0733 0274
(0.34-1.23) (0.51-2.62)
Transient ischemic attack 6(1.1) 5(1.0) 1.18 0.779 5(1.2) 1(0.2) 531 0.086 -
(0.36-3.89) (0.63-44.92)
Definite stent thrombosis 7(14) 5(1.0) 1.39 0.573 9 (2.0) 11(24) 0.87 0.749 0.521
(0.44-4.37) (0.36-2.10)
Definite or probable stent thrombosis 30(5.7) 36(6.8) 0.82 0.421 32(7.0) 40(8.7) 0.84 0.457 0.951
(0.51-1.33) (0.52-1.34)

Number of first events and cumulative incidence % (life table estimate) are reported. Rate ratios and 95% confidence intervals are estimated using the Mantel-Cox method with two-sided
p-values from log-rank test. All events were censored beyond 1825 days. Continuity correction with p-value from Fisher's exact test in case of zero events. Interaction p-value testing for the
modifying effect of diabetes yes or no on the rate ratio of BP-SES vs. DP-EES, using an approximate Mantel-Haenszel chi-square test (df = 1). BP-SES, biodegradable polymer sirolimus-
eluting stents; CABG, coronary artery bypass grafting; Cl, confidence interval; DP-EES, durable polymer everolimus-eluting stents; PCI, percutaneous coronary intervention.

@ Primary endpoint, defined as the composite of cardiac death, target-vessel Q-wave or non Q-wave myocardial infarction, clinically indicated target lesion revascularization.

b Defined as the composite of cardiac death, any Q-wave or non Q-wave myocardial infarction, and any target-vessel revascularization.

¢ Patient oriented composite endpoint.

4" Includes ischemic stroke, intracerebral hemorrhagic stroke and cerebrovascular event of unclear etiology.



8 JF. Iglesias, D. Heg, M. Roffi et al. / Cardiovascular Revascularization Medicine 34 (2022) 3-10

M 30  Rate Ratio (95% Cl) comparing randomized stents:

ACS RR (95%Cl)=1.04 (0.78-1.41), P=0.779

— CCS RR (95%Cl)=1.11 (0.85-1.45), P=0.460

°\° 25 interaction P=0.774

o

2 204 P

S

c

S

[%]

o

@

=

©

°

T T T T T T
0 1yr 2yr 3yr 4yr 5yr
Years since index procedure
Nr at risk
ACS:DP-EES 554 509 487 469 448 433

ACS:BP-SES 577 523 482 456 434 a1
CCS: DP-EES : 12 97 79 36

C 30 Rate Ratio (95% Cl) comparing randomized stents:
ACS RR (95%C1)=0.89 (0.53-1.50), P=0.657
CCS RR (95%CI)=0.94 (0.59-1.49), P=0.793
25 interaction P=0.674

204

TV Myocardial infarction (%)
g

—
R e
5 * e
o :Cp—"_'"—j_,—'_'"_
T T T T T T
0 1yr 2yr 3yr 4yr 5yr
Years since index procedure
Nr at risk
ACS: DP-EES 554 516 499 485 465 453

ACS:BP-SES 577 534 499 473 456 435

CS: DP-EES 145

B 30  Rate Ratio (95% CI) comparing randomized stents:
ACS RR (95%Cl)=1.10 (0.71-1.72), P=0.664
CCS RR (95%Cl)=1.09 (0.70-1.69), P=0.707

25 interaction P=0.965

20

Cardiac death (%)

T T T T T
0 1yr 2yr 3yr 4yr 5yr
Years since index procedure
Nr at risk
ACS: DP-EES 554 532 515 500 485 476

ACS:BP-SES 577 542 514 492 475 454
CS: DP-EES 2 € 1 451 438 28

D 30 Rate Ratio (95% Cl) comparing randomized stents:
ACS RR (95%Cl)=1.11 (0.73-1.69), P=0.631
CCS RR (95%CI)=1.10 (0.76-1.59), P=0.612
25 interaction P=0.981

N
o
1

TLR clinically driven (%)

T T T T T
0 1yr 2yr 3yr 4yr 5yr
Years since index procedure
Nr at risk
ACS: DP-EES 554 519 497 478 459 443

ACS:BP-SES 577 528 486 461 438 416
CS: DP-EES 502 7 441 12 9

Fig. 2. Time to event curves for the composite endpoint of target lesion failure and individual components of the primary endpoint up to 5 years of follow-up.

the higher rates of repeat revascularization at five years of follow-up ob-
served among patients with CCS as compared to those with ACS.
Newer-generation DES have been shown to improve device- and
patient-oriented clinical outcomes up to 5 years of follow-up compared
to bare-metal stents [3,4] and early-generation polymer-based DES [5,6]
in patients with ACS, a difference mainly driven by lower rates of repeat
revascularization [3-6] and target-vessel MI [4]. The prothrombotic and
proinflammatory milieu of ACS contributes to delayed arterial healing at
ACS culprit sites and translates into the occurrence of late stent-related
adverse events with newer-generation polymer-based DES [7,9], hence
disclosing the need for further refinements in DES technology. Newer-
generation DES with thinner stent struts and biodegradable polymer
coatings have the potential to mitigate stent-induced arterial injury
and chronic permanent polymer-related vascular inflammation, faster
endothelialization and improve long-term clinical outcomes compared
to contemporary polymer-based DES. Beyond the potential effects of
biodegradable polymers in reducing chronic inflammation [20], thinner
stent strut thickness has been shown to mitigate acute stent-induced
thrombogenicity [10] and reduce TLF rates, a difference mainly driven
by a lower risk of MI, compared with newer-generation thicker-strut
DES [21]. In particular, BP-SES were found non-inferior [14] or superior
[22] to DP-EES with respect to TLF at up to 5 years of follow-up among
all-comer patients. Patients with ACS may represent a particular subset
which may theoretically derive greater long-term benefits from treat-
ment with thin-strut biodegradable polymer DES technology. In the
ACS subgroup analysis of the BIOFLOW-V trial [10], BP-SES were associ-
ated with lower TLF rates at one-year follow-up, a difference driven by a
lower risk of periprocedural and spontaneous target-vessel myocardial
MI, compared to DP-EES. The study however excluded highest-risk

patients with STEMI. The absence of between-stent difference in
target-vessel MI rates in our study might be explained by
differential definitions between studies and the particular challenge to
adjudicate periprocedural myocardial reinfarction among cardiac
biomarker-positive ACS patients [19]. Among STEMI patients undergo-
ing primary PCI, BP-SES were recently found superior to DP-EES with re-
spect to TLF, a difference driven by a lower risk of clinically indicated
TLR, at one year of follow-up [9]. In both studies, the clinical advantages
of BP-SES over DP-EES among ACS patients emerged well before resorp-
tion of the biodegradable polymer and it remains uncertain whether the
potential benefits might persist during long-term follow-up as complete
polymer biodegradation after drug elution is expected to render the BP-
SES surface similar to a BMS. To our knowledge, the present analysis
represents the first randomized study comparing longer-term clinical
outcomes between BP-SES and DP-EES among ACS patients with and
without STEMI. Our results indicate similar long-term outcomes with
respect to the primary endpoint of TLF and its individual components
between BP-SES and DP-EES irrespective of the baseline clinical presen-
tation throughout 5 years of follow-up. Event rates observed in our anal-
ysis are consistent with previous studies reporting the long-term
outcomes following PCI with newer-generation DES in patients with
acute MI [3,4,6]. Noteworthy, the rates of definite stent thrombosis at
5 years were low and did not differ between treatment groups despite
the inclusion of an all-comer ACS population with a high proportion of
STEMI patients. Overall, these findings confirm the long-term safety
and efficacy profiles of newest generation thinner-strut highly biocom-
patible DES with either biodegradable or thromboresistant permanent
fluorinated polymer coatings for percutaneous treatment across the en-
tire spectrum of CAD, including in patients with ACS.
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4.1. Limitations

The present analysis must be interpreted in view of several limita-
tions. As per the main trial design, randomization into the BIOSCIENCE
trial was not stratified according to presence or absence of ACS, but to
presence or absence of STEMI. The present post-hoc subgroup analysis
was not powered to assess differences in reported endpoints between
the two treatment arms. The results are therefore hypothesis-
generating and must be cautiously interpreted. In addition to strut
thickness and the biodegradable polymer, BP-SES and DP-EES designs
also differ with respect stent platform geometry, polymer composition,
thickness, distribution and time to complete degradation, and antipro-
liferative drug composition and elution kinetics, all of which may poten-
tially affect long-term clinical outcomes after DES implantation.

5. Conclusion

In a subgroup analysis of the BIOSCIENCE trial, we found a consistent
treatment effect with respect to TLF at 5 years between patients with
ACS or CCS treated with BP-SES or DP-EES. Among ACS patients, there
was no difference in long-term clinical outcomes between BP-SES and
DP-EES throughout 5 years of follow-up.
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