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Background Whether ultrathin-strut stents are particularly beneficial for lesions requiring implantation of more than 1
stent is unknown.

Methods in o posthoc lesion-level analysis of 2 randomized trials comparing ultrathin-strut biodegradable polymer
Sirolimus-eluting stents (BP-SES) vs thin-strut durable polymer Everolimus-eluting stents (DP-EES), lesions were stratified into
multistent lesions (MSL) vs single-stent lesions (SSL). The primary endpoint was target lesion failure (TLF), a composite of
lesion-related unclear/cardiac death, myocardial infarction (M), or revascularization, at 24 months.

Results Among 5328 lesions in 3397 patients, 1492 (28%) were MSL (722 with BP-SES, 770 with DP-EES). At 2
years, TLF occurred in 63 lesions (8.9%) treated with BP-SES and 60 lesions (7.9%) treated with DP-EES in the MSL-group
(subdistibution hazard ratio [SHR], 1.13; 95% Cl, 0.77-1.64; P = .53), and in 121 (6.4%) and 136 (7.4%) lesions treated
with BP-SES and DP-EES respectively (SHR, 0.86; 95% Cl, 0.62-1.18; P = .35) in the SSL-group (P for interaction = .241).
While the rates of lesion-related Ml or revascularization were significantly lower in SSL treated with BP-SES as compared to
DP-EES (3.5% vs 5.2%; SHR, 0.67; 95% Cl 0.46-0.97; P = .036), no significant difference was observed in MSL (7.1% vs
5.4%; SHR, 1.31; 95% Cl 0.85-2.03; P = .216) with significant interaction between groups (P for interaction = .014).

Conclusions Rates of TLF are similar between ultrathin-strut BP-SES and thin-strut DP-EES in MSL and SSL. The use of
ultrathin-strut BP-SES vs thin-strut DP-EES did not prove to be particularly beneficial for the treatment of multistent lesions.

Trial registration Posthoc analysis from the BIOSCIENCE (NCTO1443104) and BIOSTEMI (NCT02579031) trials.
(Am Heart ) 2023;263:73-84.)

Technical refinements of newer generation drug-
eluting stents (DES) with improved trackability and de-
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liverability, intracoronary imaging, and advances in inter-
ventional techniques resulted in the expansion of per-
cutaneous coronary intervention (PCD) to more complex
coronary artery disease.'?

Long lesions requiring the implantation of multiple
stents remain a challenge in contemporary PCI. Multi-
stent lesions (MSL) have been associated with an in-
creased risk of stent thrombosis (ST) and in-stent resteno-
sis in several studies,*” while these adverse effects seem
to be attenuated in studies with the predominant use of
thin-strut DES.”"®

Thinner stent struts are associated with reduced stent-
induced arterial injury, fewer areas of low shear stress,’
and decreased thombogenicity,'° all of which are patho-
physiological mechanisms involved in the occurrence of
target lesion failure (TLF).

Evidence from randomized clinical trials is conflicting,
with some trials suggesting the superiority of ultrathin-
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strut DES compared to thin-strut DES with regard to
TLE'!-1? Along this line, a potential benefit of ultrathin-
strut DES may be particularly pronounced in lesions
treated with more than 1 stent. We therefore performed
a post-hoc lesion-level analysis of ultrathin-strut BP-SES
vs thin-strut DP-EES among patients enrolled in the BIO-
SCIENCE'® and BIOSTEMI trials, respectively.'* The aim
of the present study was to assess potential differences
in the effectiveness of ultrathin-strut BP-SES vs thin-strut
DP-EES in MSL and single-stent lesions (SSL), respectively.

Methods

Study population and data source

Patients enrolled in either the BIOSCIENCE
(NCT01443104)"% or BIOSTEMI trials (NCT02579031)
were considered for this post-hoc analysis.'?

Both trials were investigator-initiated, single-blind mul-
ticentre studies. The BIOSCIENCE trial randomized 2,119
patients with stable or acute coronary syndromes to un-
dergo PCI with BP-SES or DP-EES of at least 1 lesion with
more than 50% diameter de-novo stenosis or restenosis.
In the BIOSTEMI trial, 1,300 patients with ST-segment el-
evation myocardial infarction (STEMI) were randomly al-
located to treatment with BP-SES vs DP-EES. Both studies
allowed staged PCI of lesions not treated during index
intervention within 3 months with the use of the same
stent type as allocated for the index PCI. Follow-up visits
were performed at 30 days, 1 year, and 2 years by use
of standardized telephone interviews or clinical visits.
The rationale of both trials as well as details of the study
designs have been described previously.!> ' Both trials
were approved by the institutional ethics committees of
all participating sites and complied with the Declaration
of Helsinki. All patients provided written informed con-
sent for participation.

Sources of funding

The BIOSCIENCE and BIOSTEMI trials have been sup-
ported with dedicated grants from Biotronik, Switzer-
land. The authors are solely responsible for the design
and conduct of this study, all study analyses, the drafting
and editing of the paper and its final contents.

Study devices

The BP-SES (Orsiro; Biotronik AG, Biilach, Switzerland)
consists of an ultrathin (60 pm for stent diameters of
2.25-3.0 mm, and 80 pm for stent diameters of 3.5-4.0
mm) cobalt-chromium L605 metallic platform covered
with an amorphous, hydrogen-rich, silicon-carbide layer
(proBIO), and an asymmetric biodegradable poly-L-lactic
polymer releasing sirolimus at a dose of 1.4 pg per mm?
stent surface over a period of 12 to 14 weeks. The poly-
mer matrix degrades after >12 months. The DP-EES was
Xience Prime or Xpedition (Abbott Vascular, Abbott Park,
IL) with a thin (81 um) L605 cobalt-chromium carrier
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covered by a durable polymer (poly-n-butyl-methacrylate
and copolymer of vinylidine fluoride and hexafluoro-
propylene) that released Everolimus at a dose of 1.0 ug
per mm? stent surface (80% within 30 days, 100% within
120 days). More recent iterations of the control stent
(Xience Alpine, Xience Sierra) were used towards the
end of inclusion into the BIOSTEMI trial.

Lesion definition

For this lesion-level analysis, all patients treated with
at least 1 study stent either at baseline or during staged
PCI were eligible. Lesions that were not treated with
a study stent (either PCI with non-study-stent, balloon-
angioplasty only, or coronary artery bypass grafting) and
lesions treated with both types of study stents were ex-
cluded. Lesions were stratified into 2 groups according to
whether only a single stent was implanted (single-stent
lesion, SSL) or more than 1 stent was used for the treat-
ment of the respective lesion (multistent lesion, MSL;
eg, overlapping/consecutive stents and/or bifurcations
with stenting of both branches). Cases with more than
1 atheromatous lesion (as prospectively defined by the
operator) in adjacent coronary segments were reviewed
and lesions were merged if they were treated as 1 (eg,
stents overlapped, or postdilation balloon was inflated in
both lesions at the same time).

Endpoint definition and lesion-level adjudication

Endpoint definitions (death, myocardial infarction
[MI], revascularization, and stent thrombosis) have been
described previously'® and are summarized in the sup-
plemental material. All events were independently ad-
judicated by a clinical events adjudication committee,
which was blinded to treatment allocation.

For the purpose of the present study, each adverse
event underwent adjudication at lesion-level by review
of original source documents and coronary angiography
films, if necessary, by 2 cardiologists blinded to stent type
allocation. In case of disagreement between the 2 review-
ers, cases were reviewed by a third cardiologist.

Clinical events were categorized as either “clearly at-
tributable,” “possibly attributable,” or “not attributable”
to a previously treated lesion (Figure 1). An event was la-
beled as “clearly attributable” if it was definitely caused
by a specific lesion (eg, target lesion revascularization
[TLR], target-vessel STEMI, procedural side branch occlu-
sion or vessel dissection, death from stent thrombosis).
Events that could not be clearly attributed to a specific
coronary lesion were categorized as “possibly” related to
all lesions at risk (eg, non-STEMI without angiography or
unclear death were deemed possibly related to all treated
lesions). Events clearly “not attributable” to any lesion
were excluded from the present lesion-level analysis (eg,
noncardiac death, or revascularization of a nontarget le-
sion). Additional definitions as well as a summary of the
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Figure 1
Death Myocardial infarction Revascularization
(n=158) (n=198) (n=396)
u Clearly
attributable
m Possbily

attributable

= u Clearly not

45% attributable

0%
Included in primary analysis: Clearly attributable and possibly attributable events
Included in sensitivity analysis: Clearly attributable events only

Examples
Category Death Myocardial infarction Revascularization
e « Definite stent | « Spontaneous Ml with TLR * Target lesion
. ble thrombosis * Periprocedural Ml revascularization
¢ Peri-interventional death
Possib ¢ Unclear death * NSTEMI w/o re-angio n/a
. . * Cardiac death from heart | « STEMI w/o culprit at angio
failure w/o acute Ml
ea 0 * Non-cardiac death * Ml due to de-novo lesion * Non-target lesion
b ble B Cardiac death from non- | * NSTEMI w/o culprit at angio revascularization
coronary cause * Periprocedural Ml not
related to any target lesion

Lesion-level event adjudication. Every clinical event was classified as either clearly attributable, possibly attributable, or not attributable to
a specific lesion. Diagrams show the proportion of each class of event. Examples are provided below. The primary analysis included all

clearly and possibly aftributable events, for the sensitivity analysis only clearly attributable events were included.

lesion-level adjudication at event-level are provided in the
appendix (Supplementary Table 1).

The primary endpoint was TLF at lesion-level within
2 years, a composite clinical endpoint consisting of tar-
get lesion-related undetermined or cardiac death, MI or
revascularization. Secondary endpoints were the com-
posite of target lesion-related MI or revascularization, and
each individual clinical cardiac endpoint.

Statistical analysis

We conducted an as-treated analysis at lesion-level to
compare clinical outcome rates between ultrathin-strut
BP-SES and thin-strut DP-EES stratified by lesion type
(MSL or SSL). For the pre-specified primary outcome
analysis, all “clearly” and “possibly” attributable events
were included. Additionally, a sensitivity analysis using
only “clearly” attributable events was pre-specified. Since
a periprocedural complication (eg, edge dissection or
side branch occlusion) may represent a reason for the
use of additional stent(s), a sensitivity analysis excluding
periprocedural MIs was performed. Furthermore, a sub-
group analysis of lesions with at least 1 stent with < 3
mm diameter was performed, to account for the differ-

ent strut thickness of the BP-SES with stent diameter < 3
mm as compared to > 3 mm.

General or generalized linear models accounting for le-
sions nested within patients were used to compare le-
sion characteristics (separate for MSL and separate for
SSL), interaction P-value testing the modifying effect
of MSL/SSL vs implanted stent BP-SES/DP-EES on these
same lesion characteristics (df = 1). Kaplan-Meier time-
to-event curves are provided to illustrate temporal distri-
bution of events. Statistical analyses were conducted us-
ing competing risk regression, ie, events attributed to the
specific lesion are competing with death not attributed
to the specific lesion; note that these had to be derived
separately for “clearly” (ie, less deaths attributed to the
specific lesion) and “possibly” attributed to the specific
lesion (ie, leading to more deaths attributed to the spe-
cific lesion). The cumulative incidences with 95% con-
fidence intervals account for competing risk using the
Aalen-Johansson estimator; and the subdistribution of the
hazard ratios (abbreviated as Subhazard or SHR) with
95% confidence intervals are reported as well, compar-
ing implanted stent types in either MSL or SSL (again the
interaction P-value from the full-factorial model incorpo-



76 Haner et al

rating all lesions). Analyses were conducted using Stata
17 and P-values <.05 were considered significant.

Results
Study population and lesion characteristics

A total of 5,671 lesions were treated either at baseline
or as a staged intervention in 3,419 patients enrolled in
the 2 trials. After exclusion of lesions treated with no
study stent (eg, nonstudy stent, balloon-angioplasty only,
or CABG) or with both types of study stents, 5,328 le-
sions (2,678 with BP-SES and 2,650 with DP-EES) in 3,397
patients remained for the purpose of the present anal-
ysis (Supplementary Figure I). Baseline and procedu-
ral characteristics of the study cohort are provided in
Table 1. The majority of lesions (72%, n = 3,836; 1,956
with BP-SES and 1,880 with DP-EES) was treated with a
single stent, whereas multiple stents were required for
the treatment of 28% of lesions (n = 1,492; 722 with
BP-SES and 770 with DP-EES) as shown in the Central II-
lustration (left side: “Lesion stratification”).

Lesion and procedural characteristics stratified by le-
sion type and stent group are provided in Table II. Total
stent length was longer in MSL compared to SSL (50.0
+ 21.7 mm vs 21.5+£8.0 mm, P < .001) and TIMI flow
at baseline was more commonly <3 (50.5% vs 38.1%, P
< .001). Ticagrelor was the most frequently used P2Y12-
inhibitor (40.0% with no significant difference between
lesion types). Patients with MSL were more commonly
treated with Prasugrel compared to SSL patients (33.2%
vs 28.3%, P < .001), and less commonly with Clopidogrel
(25.8% vs 31.9%, P < .001) with no differences according
to stent type.

Among MSL, there were no differences between stent
groups with regard to the number of stents per lesion
(2.32 £ 0.70 for BP-SES vs 2.32 £ 0.63 for DP-EES, P =
.957), total stent length (49.55 + 20.98 mm vs 50.47
+ 22,43, P = .421), and percentage of bifurcation le-
sions (24.0% vs 22.9%, P = .611). Thrombus aspiration
was more frequently used in the BP-SES group (19.1% vs
13.6%, P = .005) and maximum stent diameter was larger
in patients treated with BP-SES as compared to DP-EES
(3.22 £ 0.48 mm vs 3.14 £ 0.48 mm, P = .002).

Cardiac events

A total of 796 cardiac events occurred within 24
months of follow-up; 378 of which (47%) were clearly
attributable to at least 1 specific lesion. In 330 events
(41%) a relationship with a specific lesion could be ruled
out (not attributable), and in 11% of events, the event
could be or not be related to a study lesion after thorough
review (88 events: 76 cardiac deaths, and 12 MIs). The
latter events were categorized as possibly attributable to
every potentially related lesion. Figure 1 and supplemen-
tary table 1 provide an overview of the results of the
event adjudication at lesion-level.
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Table 1. Baoseline and procedural characteristics.

Overall

N = 3,397
Baseline Characteristics
Age (years) 64.73 £11.72
Female sex 793 (23.3%)
Body mass index (kg/m2) 27.35 + 4.46
Diabetes mellitus 639 (18.8%)

Arterial hypertension
Hypercholesterolemia
Current smoker

1,993 (58.8%)
2,022 (59.8%)
1,148 (34.1%)

Family history of coronary artery disease 867 (25.6%)
Previous myocardial infarction 474 (14.0%)
Previous CABG 220 (6.5%)
Previous PCI 675 (19.9%)
Previous stroke or transient ischemic attack 128 (3.8%)
Peripheral vascular disease 209 (6.2%)
Renal failure (eGFR <60ml/min) 434 (13.4%)
Left ventricular ejection fraction (%) 53.49 +£12.41
Clinical presentation (at baseline event)

Chronic coronary syndrome 982 (28.9%)
NSTE-ACS 719 (21.2%)
STEMI 1,696 (49.9%)
Baseline drugs*

Aspirin 1,384 (42.0%)
Clopidogrel 295 (8.9%)
Prasugrel 82 (2.5%)
Ticagrelor 97 (2.9%)

Any dual anti platelet treatment 407 (12.3%)
Any oral anticoagulant treatment 176 (5.3%)

Statins

ACE-inhibitors or angiotensin receptor
blockers

Beta blockers

1,286 (39.1%)
1,313 (40.0%)

1,129 (34.4%)

Angiographic and procedural characteristics

Mean treated lesions per patient'
Treated lesions per patient (n=3397)'
1

1.66 £ 0.96

1,964 (57.8%)

2 885 (26.1%)
3 357 (10.5%)
=4 191 (5.6%)

Type of intervention per lesion (n=5551)
Stent implantation

5,336 (96.1%)

Balloon dilatation only 171 (3.1%)
CABG 34 (0.6%)
Failed PCI 10 (0.2%)
IABP or mechanical assist device 27 (0.8%)
Vasopressor (continuous prior or during PCI) 38 (1.1%)
Intracoronary imaging (IVUS or OCT) 57 (1.7%)

Categorical variables are expressed as frequencies (n) and percentages (%), con-
tinuous data as mean + standard deviation.
Abbreviations: eGFR, estimated glomerular filtration rate; IABP, intracortic balloon
pump; IVUS, intravascular ultrasound; NSTE-ACS, non-ST-elevation acute coronary
syndrome; OCT, optical coherence tomography; PCl, percutaneous coronary in-
tervention; STEMI, ST-elevation myocardial infarction.

* available from 3,298 patients,

ftreated during index procedure and staged procedures,

Multistent lesions vs single-stent lesions

Clinical outcomes of MSL vs SSL are shown in Table III.
At 2 years, TLF at lesion-level occurred in 8.4% of MSL
and in 6.9% of SSL (P = .071). Rates of MI (3.7% vs 2.2%,
P = .005) and revascularization (4.6% vs 3.4%, P = .042)



Table II. Angiographic and procedural lesion characteristics.

Multistent lesions

Single-stent lesions

P valve (MSL

vs SSL).

All MSL BP-SES DP-EES P value All SSL BP-SES DP-EES P valve

n=1,492 n=722 n=770 n =3,836 n=1.956 n= 1,880
Angiographic and procedural characteristics
Target-vessel localisation .045 .928 <.001
Left main arfery 27 (1.8%) 14 (1.9%) 13 (1.7%) 50 (1.3%) 27 (1.4%) 23 (1.2%)
LAD 653 (43.8%) 300 (41.6%) 353 (45.8%) 1527 (39.8%) 766 (39.2%) 761 (40.5%)
LCX 250 (16.8%) 113 (15.7%) 137 (17.8%) 926 (24.1%) 477 (24.4%) 449 (23.9%)
RCA 537 (36.0%) 286 (39.6%) 251 (32.6%) 1265 (33.0%) 652 (33.3%) 613 (32.6%)
Bypass graft 25 (1.7%) 9 (1.2%) 16 (2.1%) 68 (1.8%) 34 (1.7%) 34 (1.8%)
Baseline TIMI flow .483 .666 <.001
Oorl 539 (36.4%) 267 (37.3%) 272 (35.6%) 983 (25.9%) 491 (25.4%) 492 (26.5%)
2 207 (14.0%) 92 (12.8%) 115 (15.1%) 460 (12.1%) 231 (11.9%) 229 (12.3%)
3 733 (49.5%) 357 (49.9%) 376 (49.2%) 2347 (61.9%) 1212 (62.7%) 1135 (61.2%)
TIMI flow post PCI 732 611 <.001
Oor 1 8 (0.5%) 5(0.7%) 3(0.4%) 4 (0.1%) 1(0.1%) 3(0.2%)
2 31 (2.1%) 15 (2.1%) 16 (2.1%) 38 (1.0%) 19 (1.0%) 19 (1.0%)
3 1447 (97.4%) 699 (97.2%) 748 (97.5% 3784 (98.9%) 1929 (99.0%) 1855 (98.8%)
Restenotic lesion 43 (2.9%) 21 (2.9%) 22 (2.9%) .953 147 (3.8%) 87 (4.4%) 60 (3.2%) .052 .087
Total occlusion 492 (33.0%) 242 (33.5%) 250 (32.5%) .680 879 (23.0%) 409 (21.9%) 450 (24.0%) 147 <.001
Thrombus aspiration 243 (16.3%) 138 (19.1%) 105 (13.6%) .005 508 (13.2%) 249 (12.7%) 259 (13.8%) .348 .005
Number of stents per 2.32+0.66 2.32+0.70 2.32+0.63 957 1.00+0.00 1.00+0.00 1.00+0.00 n/a <.001
lesion
Total stent length (mm) 50.03+21.74 49.55+20.98  50.47+22.43 421 21.51+8.03 20.97+7.28 22.07+8.71 <.001 <.001
Maximum stent diameter 3.18+0.48 3.224+0.48 3.14+0.48 .002 3.03+0.50 3.03+0.50 3.02+0.50 631 <.001
(mm)
Maximum pressure (atm) 14.72+3.30 14.59+3.33 14.85+3.26 .143 13.36+3.31 13.26+3.37 14.85+3.26 .073 <.001
Direct stenting 268 (18.0%) 115 (16.0%) 153 (19.9%) .054 1243 (32.4%) 644 (32.9%) 599 (31.9%) .503 <.001
Long lesion (> 20 mm) 1462 (98%) 716 (99.2%) 746 (96.9%) .003 1823 (47.5%) 927 (47 .4%) 896 (47.7%) .874 <.001
Bifurcation treatment 349 (23.4%) 173 (24.0%) 176 (22.9%) 611 417 (10.9%) 208 (10.6%) 209 (11.1%) .636 <.001

Categorical variables are expressed as frequencies (n) and percentages (%), continuous data as mean =+ standard deviation. Bold values are used for the groups stratified by lesion type (MSL and SSL, including p value comparing

MSL and SSL)

Abbreviations: BP-SES, ultrathin-strut biodegradable polymer Sirolimus-eluting stent; DP-EES, thin-strut durable polymer Everolimus-eluting stent; LAD, left anterior descending; LCX, left circumflex artery; MSL, multistent lesion; PCI,
percutaneous coronary intervention; RCA, right coronary artery; SSL, single-stent lesion.
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Table lll. Adjudicated clinical outcomes on lesion-level.

Multistent  Single-stent Multistent  Multistent Single-stent Single-stent interaction
lesion lesion lesion lesion lesion lesion P-value
SHR (95% CI) P-value BP-SES DP-EES SHR (95% CI) P-value BP-SES DP-EES SHR (95% CI) P-value
n=1492 n=3836 n=722 n =770 n=1956 n=1880
Primary analysis*
Target lesion failure 123 (8.4%) 257 (6.9%)  1.24 (0.981.55) 0.071 63 (8.9%) 60 (7.9%) 1.13 (0.77-1.64) 0.530 121 (6.4%) 136 (7.4%)  0.86 (0.62-1.18) 0.349 0.241
Death attributed to lesion 36 (2.4%) 104 (2.8%) 0.88 (0.58-1.34) 0.557 15 (2.1%) 21 (2.8%) 0.76 (0.36-1.61) 0.475 59 (3.1%) 45 (2.4%) 1.27 (0.73-2.20) 0.393 0.233
Myocardial infarction or TLR 91 (6.2%) 161 (43%)  1.46(1.11-1.91) 0.006 50 (7.1%) 41 (5.4%) 1.31 (0.85-2.03) 0216 66 (3.5%) 95 (5.2%) 0.67 (0.46-0.97) 0.036 0.014
Myocardial infarction 54 (3.7%) 83 (2.2%) 1.67 (1.17-2.40) 0.005 30 (4.2%) 24 (3.1%) 1.34 (0.77-2.34) 0.297 34 (1.8%) 49 (2.7%) 0.67 (0.38-1.17) 0.161 0.057
TLR 67 (4.6%) 125 (3.4%) 1.37 (1.01-1.87) 0.042 39 (5.5%) 28 (3.7%) 1.50 (0.91-2.49) 0.112 52 (2.8%) 73 (4.0%) 0.69 (0.46-1.02) 0.065 0.013
Definite Stent Thrombosis 14 (0.9%) 31 (0.8%) 1.15 (0.65-2.05) 0625  8(1.1%) 6 (0.8%) 1.43 (0.50-4.11) 0.508 15 (0.8%) 16 (0.9%) 0.91 (0.40-2.03) 0.813 0.441
Secondary analysis
Target lesion failure 93 (6.3%) 162 (43%)  1.48 (1.13-1.94) 0.004 50 (7.1%) 43 (5.6%) 1.25 (0.82-1.91) 0301 69 (3.6%) 93 (5.1%) 0.71 (0.48-1.06) 0.093 0.042
Death attributed to lesion 6 (0.4%) 13 (0.3%) 1.18 (0.40-3.51) 0.763 2 (0.3%) 4 (0.5%) 0.53 (0.10-2.91) 0.469 11 (0.6%) 2 (0.1%) 5.31(0.93-30.28)  0.060 0.018
Myocardial infarction or TLR 89 (6.1%) 151 (4.1%)  1.52(1.16-2.00) 0.003 49 (6.9%) 40 (5.3%) 1.32 (0.85-2.04) 0211 60 (3.2%) 91 (5.0%) 0.63 (0.43-0.93) 0.020 0.008
Myocardial infarction 52 (3.5%) 72 (1.9%) 1.86 (1.28-2.69) 0.001 29 (4.1%) 23 (3.0%) 1.35 (0.77-2.37) 0.287 27 (1.4%) 45 (2.4%) 0.58 (0.32-1.06) 0.075 0.025
TLR 67 (4.6%) 125 (3.4%) 1.37 (1.01-1.87) 0.042 39 (5.5%) 28 (3.7%) 1.50 (0.91-2.49) 0.112 52 (2.8%) 73 (4.0%) 0.69 (0.46-1.02) 0.065 0.013
Definite Stent Thrombosis 14 (0.9%) 31 (0.8%) 1.15 (0.65-2.05) 0625  8(1.1%) 6 (0.8%) 1.43 (0.50-4.11) 0.508 15 (0.8%) 16 (0.9%) 0.91 (0.40-2.03) 0.813 0.441

Competing risk regression with death-not-attributable to the specific lesion at risk; SHR: subhazard ratios with 95% confidence intervals. Nr of events atiributed to the lesion (% from cumulative incidence accounting for competing
risk). Note that some events were attributed to several lesions within that patient, particular if they were possibly related to death.
Abbreviations: BP-SES, ultrathin-strut biodegradable polymer Sirolimus-eluting stent; DP-EES, thin-strut durable polymer Everolimus-eluting stent; TLR, target lesion revascularization.

*including events clearly or possibly attributed to specific lesion.

 composite of death, myocardial infarction, TLR attributed to lesion.
!including events clearly attributed to specific lesion.
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were significantly higher in MSL as compared to SSL. In
the sensitivity analysis considering only events clearly at-
tributable to 1 or more specific lesions, TLF was signifi-
cantly more frequent in MSL as compared to SSL (6.3% vs
4.3%, P = .004).

Ultrathin-strut BP-SES vs Thin-strut DP-EES

In the primary analysis including all clearly or possi-
bly attributable events, rates of TLF were comparable be-
tween BP-SES and DP-EES in MSL and SSL, respectively.
In MSL, there was no significant difference in individual
components of TLF according to stent type. SSL treated
with BP-SES tended to have lower rates of MI or TLR
compared to SSL treated with DP-EES (3.5% vs 5.2%, SHR
0.67, 95% CI 0.46-0.97, P = .036). The effect of BP-SES
was limited to SSL but not MSL with significant interac-
tion according to number of stents per lesion and stent
type (P for interaction 0.014) (Table 111, Central Illustra-
tion [right side “Event rates at 2 years”] and Figure 2).

In the sensitivity analysis including only events clearly
attributable to a specific lesion, TLF was numerically
lower in SSL treated with BP-SES vs DP-EES (4.6% vs 5.1%,
SHR 0.71, 95% CI 0.48-1.06, P = .093), while there was
no difference between stent types in MSL (7.1% vs 5.6%,
SHR 1.25, 95% CI 0.82-1.91, P = .301, P for interac-
tion = .042). The difference in SSL according to stent
type was driven by lower rates of MI and TLR in lesions
treated with BP-SES (Table III and supplementary Figure
2).

Results remained consistent after exclusion of peripro-
cedural MI (Supplementary Table 2).

In 80% of the MSL, at least 1 stent with < 3 mm di-
ameter (eg, stent with strut thickness of 60 um in the
ultrathin-strut BP-SES group and 81 um in the thin-strut
DP-EES group) was implanted, whereas this proportion
was lower in SSL (67%). In the subgroup analysis includ-
ing only lesions treated with at least on stent with stent
diameter < 3 mm, similarly to the main analysis, rates of
TLF and its individual components were similar between
stent types among MSL. The significant interaction ac-
cording groups and stent types remained in terms of the
combined endpoint of MI and TLR, although the superi-
ority of the BP-SES in this endpoint was not evident in
SSL (Supplementary Table 3).

Discussion

The main findings of this post-hoc lesion-level anal-
ysis of 3,397 patients enrolled in 2 randomized clin-
ical trials comparing 2 newer-generation DES can be
summarized as follows. (1) There was no significant
difference in TLF at 2 years between MSL and SSL,
likely due to a relatively high proportion of deaths
of unclear cause. Lesion-related MI and revasculariza-
tion, however, occurred significantly more frequently
in MSL. (2) The use of ultrathin-strut BP-SES compared
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to thin-strut DP-EES was associated with lower rates of
lesion-related MI or revascularization in SSL, but not in
MSL.

The introduction of DES reduced the rate of in-stent
restenosis as compared to bare metal stents due to sup-
pression of neointimal hyperplasia. However, in an ani-
mal model, higher drug and polymer concentrations at
the site of stent overlap resulted in delayed healing and
impaired endothelialisation with first-generation DES,!”
and the site of stent overlap was shown to contribute the
highest risk for restenosis in early-generation Paclitaxel-
and Sirolimus-eluting stents.” Higher rates of TLR were
observed up to ten years after PCI in lesions treated with
overlapping stents in early-generation DES.” This effect
was no longer apparent in newer-generation DES in some
studies,>®'® proposing thinner stent struts, more bio-
compatible polymer, and lower dose of antiproliferative
drug as possible contributors to improved clinical long-
term outcomes. Other studies, however, documented im-
pairment in long-term clinical outcomes of overlapping
stents lesions also for newer-generation DES.®” However,
none of these studies specifically investigated the impact
of strut thickness.

Stent-induced arterial injury and adverse shear stress
hemodynamics, factors that are particularly important at
sites of stent overlap, are reduced by smaller strut thick-
ness.” Significant stent-to-stent-interaction or stent over-
lap occur either in long lesions treated with more than 1
stent, bifurcations treated in 2-stent technique, or a com-
bination of both, eg, all lesions treated by the implanta-
tion of multiple stents. In this pooled analysis of 2 ran-
domized controlled trials, we investigated the impact of
the stent type used for the treatment of lesions stratified
by the number of stents implanted (1 vs 2 or more stents
in 1 lesion).

Lesion-level adjudication

One major strength of this study is the lesion-level adju-
dication of clinical events. In the PROSPECT study,'? 50%
of events were found to be related to a nonculprit lesion.
Exclusion of nonlesion-related events is important for an
outcome assessment at lesion-level. Other studies com-
paring outcomes of lesions requiring implantation of 1
vs more than 1 stents usually reported analyses at patient-
level leaving it unclear whether MSL were the reason or
just an indicator for higher event rates.” Similarly, com-
parison of complex vs noncomplex PCI?° would reflect
a patient-level assessment and may not be helpful to in-
vestigate impact of stent-to-stent-interaction.

The post-hoc lesion-level adjudication of all 796 car-
diac events occurring within 24 months was performed
to assess the relation of every event to every treated le-
sion. In the majority of cardiac events (88%) a relation
to 1 or more previously stented coronary lesions could
either be clearly proved or excluded. Overall, approx-
imately 10% of events were not clearly attributable to
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Time-to-event curves. Timesto-event curves for: A, target lesion failure, B, target lesion-related myocardial infarction (M) or target lesion

revascularization (TLR), C, target lesion-related myocardial infarction, and D) target lesion revascularization (TLR) clearly or possibly attributed
to at 2-year follow-up (primary analysis). Red lines, ultrathin-strut biodegradable Sirolimus-eluting stent (BP-SES); blue lines, thin-strut durable
polymer Everolimus-eluting stent (DP-EES); solid lines, multistent lesions (MSL); dashed lines, single-stent lesions (SSL). SHR, subdistribution

hazard ratios with 95% confidence intervals.

a specific lesion, which is in line with previous stud-
ies that performed lesion-level assessment.”! While some
researchers excluded such “indeterminate” events from
their primary analysis?! or completely avoided to include
death as a component of lesion-oriented outcomes (eg,
included device thrombosis, TLR, and target-vessel MI,
only)*?, others attributed these events to all lesions ini-
tially treated.?> Similarly, we not only attributed events
definitely related to a lesion, but also events possibly re-
lated (such as unclear death) to all lesions of the same
patient (eg, to all MSL and SSL of this patient), which
may have caused a dilution of the result in the pri-
mary analysis, especially of the primary endpoint of TLE
To account for this, we prespecified a sensitivity analy-
sis including only events clearly attributable to specific
lesions.

MSL vs SSL

The rate of TLF at 2 years was similar between MSL and
SSL when including all clearly and possibly attributable
events. However, after exclusion of possibly attributable
events in the pre-specified sensitivity analysis, TLF rates
were significantly higher in MSL, leading to the conclu-
sion that the relatively large proportion of deaths, in
which it remained unclear whether or not death was re-
lated to a previously treated lesion, resulted in dilution
of the findings due to competing risk. Along the same
line, lesions treated with more than 1 stent had signifi-
cantly higher rates of lesion-related MI or revasculariza-
tion than lesions treated with a single stent only, both in
the primary and the sensitivity analysis. In a pooled anal-
ysis of the ISAR-TEST 4 and ISAR-TEST 5 trials including
5,605 patients treated with early- or newer-generation
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DES, no difference in all-cause death, but significantly
higher rates of lesion-specific endpoints, such as TLR
(23.7% vs 16.3%; HR 1.54, 95% CI 1.36-1.74; P < .001)
and binary angiographic restenosis (16.0% vs 10.3%; HR
1.65, 95%-CI 1.41-1.92; P < .001), at 10 years follow-up
were found in patients with stent overlap as compared
to patients without,” with no significant interaction be-
tween DES generation and polymer types. These results
challenge the findings of studies indicating that long-term
clinical outcome is similar between lesions with or with-
out overlapping stents treated with new-generation DES,
in which a patient-level approach was used to assess out-
comes.”!®

The need for implantation of more than 1 stent may
be due to higher lesion complexity (bifurcation, long le-
sion), but in some cases also due to a periprocedural
complication in a lesion intended to be treated with a
single stent, such as edge dissection or side branch oc-
clusion triggering the use of an additional stent. This can
in part account for the higher rates of periprocedural MI
in MSLs. Nevertheless, the main study findings remained
unchanged even after exclusion of periprocedural MI.

Ultrathin-strut vs thin-strut drug-eluting stents in MSL
No significant difference in the primary endpoint of
lesion-level adjudicated TLF was observed according to
stent types, neither in SSL nor in MSL. However, use of
ultrathin-strut BP-SES as compared to thin-strut DP-EES
was associated with significantly lower rates of the sec-
ondary combined endpoint of lesion-related MI or revas-
cularization in SSL, a finding that deserves further inves-

tigation (eg, lesion-level analyses in BIOFLOW studies),
but not in MSL. The presence of more non-stent-design
related factors in MSL (eg, stent length, stent diameter,
lesion complexity, patient complexity) could make it dif-
ficult to discover small incremental benefits of iterations
in stent design.

An individual patient data meta-analysis including 5 ran-
domized controlled trials comparing the same ultrathin-
strut BP-SES and thin-strut DP-EES analyzed in the present
study found similar rates of TLF at 5 years. There was
no interaction when stratified into patients with at least
1 lesion of more than 20 mm length and patients with
shorter lesions only.>! In contrast to the present study,
this was a patient-level analysis and did not take into ac-
count the number of stents per lesion.

Two large meta-analyses of randomized controlled tri-
als found a 15% relative reduction in TLF and 25%
in clinically-driven TLR within 1 year and similarly
within 2.5 years for ultrathin-strut DES compared to con-
ventional second-generation DES.?>>?® Unfortunately, no
subgroup-analyses for MSL, bifurcation, or overlapping
stents were performed. The observed reduction in TLF
and TLR is comparable to our findings in the sensitivity
analysis for SSL. In MSL, however, we could not corrobo-
rate superiority of the ultrathin-strut BP-SES to DP-EES.

In a prespecified analysis of the BIORESORT ran-
domized trial, which compared ultrathin-strut BP-SES or
EES with thin-strut durable polymer Zotarolimus-eluting
stents, no difference between stent types was docu-
mented in 1236 patients with bifurcation lesions in terms
of TLF at 3 years. However, only approximately 15% of
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bifurcations were treated with 2-stent technique and a
comparison between stent types was not done in this
subset due to the small patient number.?’

It is intriguing, that in our study the ultrathin-strut stent
was superior in terms of lesion-related MI or revascular-
ization in SSL but not in MSL, since thinner stent struts
were assumed to provide additional benefit especially in
lesions with a stent-to-stent-interface. The ultrathin-strut
design of the BP-SES has a low visibility on fluoroscopy
due to the small amount of radiopaque metallic compo-
nents. This may render it more difficult in lesions requir-
ing multiple stent implantations to place additional stents
with optimal overlap.

Low visibility of stents may be overcome by the use
of either intracoronary imaging or stent boost function
during fluoroscopy. Use of enhanced stent visualization
was associated with 30% lower rates of the composite
of all-cause mortality, recurrent MI, and TLR at a me-
dian follow-up of 2.4 years as compared to standard
PCI in a propensity-score-matched registry study includ-
ing 2,514 patients with overlapping second-generation
DES.?® Though OCT and IVUS are helpful for choice of
stent size as well as guidance of poststent optimization,’
they do not allow real-time visualization during stent im-
plantation, which is available for enhanced stent visual-
ization. However, intracoronary imaging may be particu-
larly helpful to detect and correct malapposition, a find-
ing which is more frequent in overlapping stents.?’ TLF
in the randomized CASTLE trial, in which 98% of inter-
ventions were intracoronary imaging-guided, were simi-
lar in patients treated with the ultrathin-strut BP-SES and
the thin-strut DP-EES.* Subgroup analysis, unfortunately
did not include MSL.

In the present study application of boost function
during fluoroscopy was not recorded, and use of opti-
cal coherence tomography or intravascular ultrasound
was low (1.7%) and only available at intervention-level
but not at lesion-level. We cannot exclude that a more
frequent use of intracoronary imaging could have re-
duced implantation-technique-related negative prognos-
tic factors (eg, malapposition, underexpansion, incom-
plete lesion coverage)’, especially in MSL, and as a con-
sequence could have made potential benefits of stent-
design-related differences visible in this lesion group.

Limitations

This study has several limitations that need to be taken
into consideration.

First, the present study is a post-hoc exploratory anal-
ysis of the BIOSTEMI and BIOSCIENCE studies, not pre-
specified in either study protocol. In addition, the con-
duct of multiple comparisons may potentially increase
the risk of Type 1 error. Pooling data from 2 trials differ-
ing in terms of inclusion and exclusion criteria may result
in bias from different competing risks of death. On the
other hand, the 2 trials included, were conducted by the
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same study teams and used the same case report forms
and adjudication charter.

Second, since randomization was done at patient level
and not at lesion-level in both studies, differences in base-
line characteristics between groups at lesion-level cannot
be excluded. Although operators were advised per pro-
tocol to use the same stent type for any planned staged
PCIs as allocated to during baseline PCI, this was not
done in all cases. Lesions treated with none (or both
types) of the study stents were excluded from the analy-
sis, whereas all other lesions were analysed as-treated.

Third, since randomization in both studies included
was not stratified by stent diameter, this analysis included
all lesions irrespective of the stent diameters used, al-
though strut thickness only differs in stents with < 3 mm
diameter (61 pm for the BP-SES, 81 pum for the DP-EES).
Accordingly, our main analysis includes 20% of MLS and
33% of SSL which were treated with stents with diameter
> 3 mm, in which strut thickness is similar in both stent
types (80 pm vs 81 pm). While in the sensitivity analysis
including only lesions treated with at least 1 stent with
diameter < 3 mm, the main findings were confirmed in
this smaller stent subgroup, the sample size and event
number of lesions (especially MSL) treated with exclu-
sively large-diameter stents (eg, > 3 mm) was too small
for a conclusive analysis.

Fourth, the 2 DES do not only differ in the strut thick-
ness but also in the type of polymer as well as the antipro-
liferative drug. Since all components of the DES may in-
fluence acute thrombogenicity and vascular healing, fac-
tors other than strut thickness may also contribute to dif-
ferences in TLE The findings of this study should not be
interpreted to be a class effect over a wide range of ultra-
thin strut DES.

Fifth, reasons for the use of more than 1 stent (eg,
planned vs complication-related) were not recorded.
MSL were more frequent in the DP-EES group (29% of
lesions vs 27% of lesions in the BP-SES group). We can-
not exclude that procedural reasons (such as edge dis-
sections) resulted in more frequent implantation of more
than 1 stent in the DP-EES group. However, similar rates
of periprocedural MI in both stent groups among lesions
with MSL (1.4% in DP-ESS vs 1.5% in BP-SES) but higher
rates in SSL (1.1% in DP-EES vs 0.4% in BP-SES) and sim-
ilar total stent length make a procedural-complication-
related bias unlikely. Sixth, information on DAPT dura-
tion was not available at lesion-level. Antithrombotic reg-
imens were decided at patient level with a minimum du-
ration of 12 months. While type of DAPT at discharge
was different between MSL and SSL, no significant differ-
ence was found according to stent types.

Conclusion
In this post-hoc lesion-level analysis of the BIOSCIENCE
and BIOSTEMI trials, TLF was similar between BP-SES and
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DP-EES for MSL and SSL. The use of ultrathin-strut BP-SES
vs thin-strut DP-EES did not prove to be particularly ben-
eficial for the treatment of multistent lesions. However,
the findings of improved outcome of ultrathin-strut BP-
SES as compared to thin-strut DP-EES in terms of lower
rates of lesion-related MI or revascularization in SSL de-
serves further investigation. In MLS, potential benefits
of ultrathin stent struts may be off-set by lower visibil-
ity if precise placement of multiple stents per lesion is
needed. Due to the findings of our study we propose to
have a low threshold to use adjunctive technologies such
as enhanced stent visualization program or intracoronary
imaging when implantation of more than 1 stent in 1 le-
sion is required.

Impact on daily practice

Lesion-related myocardial infarction or target lesion
revascularization occurred significantly less frequently
in single-stent lesions treated with ultrathin-strut drug-
eluting stents (DES) as compared to thin-strut DES. This
superiority of ultrathin-strut DES was not observed for
multistent lesions. Potential benefits of ultrathin stent
struts may be off-set by lower visibility if precise place-
ment of multiple stents per lesion is needed. Therefore,
a low threshold to use adjunctive technologies such as
enhanced stent visualization program or intracoronary
imaging may be helpful to overcome this postulated limi-
tation when implantation of more than 1 stent in 1 lesion
is required.
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