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Newer-Generation Ultrathin Strut Drug-Eluting
Stents Versus Older Second-Generation Thicker Strut
Drug-Eluting Stents for Coronary Artery Disease

Meta-Analysis of Randomized Trials

BACKGROUND: Contemporary second-generation drug-eluting Sripal Bangalore, MD,
stents (DES) have superior efficacy and safety in comparison with MHA
early-generation stents in patients undergoing percutaneous coronary Bora Toklu, MD, MPH
intervention, in part, related to their thinner struts. Whether newer- Neil Patel, MD
generation ultrathin DES further improve clinical outcomes in comparison Frederick Feit, MD
with older second-generation thicker strut DES is unknown. Gregg W. Stone, MD

METHODS: We searched PubMed, Embase, and Cochrane Central
Register of Controlled Trials for randomized clinical trials that compared
newer-generation ultrathin strut DES (defined as strut thickness <70
num) versus thicker strut second-generation DES and reported clinical
outcomes. The primary outcome was target lesion failure (composite

of cardiovascular death, target vessel myocardial infarction or ischemia-
driven target lesion revascularization) evaluated at 1-year follow-up.
Tests for subgroup effects based on the ultrathin strut DES type and the
comparator DES type were performed by using meta-regression analysis.

RESULTS: We identified 10 trials that randomly assigned 11658 patients
and evaluated 3 newer-generation ultrathin strut DES: Orsiro stent (60
pm), MiStent (64 pm), and BioMime (65 pm). In comparison with thicker
strut second-generation DES, newer-generation ultrathin strut DES were
associated with a 16% reduction in target lesion failure (relative risk,
0.84; 95% Cl, 0.72-0.99) driven by less myocardial infarction (relative
risk, 0.80; 95% Cl, 0.65-0.99). Ultrathin strut DES were also associated
with qualitatively lower rates of any stent thrombosis (relative risk, 0.72;
95% Cl, 0.51-1.01). Tests for subgroup effects based on the ultrathin
strut DES type (P=0.58) and the comparator DES type (P=0.98) were not
significant, suggesting consistent outcomes across the 3 ultrathin strut
DES and with the different DES comparators.

CONCLUSIONS: In patients undergoing percutaneous coronary
intervention, newer-generation ultrathin strut DES further improve 1-year
clinical outcomes in comparison with contemporary thicker strut second- Key Words: coronary artery disease

geﬂeration DES. m drug-eluting stents @ percutaneous
coronary intervention ® stents

® treatment outcome
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Clinical Perspective
What Is New?

e Data from this meta-analysis of randomized tri-
als indicate that newer-generation ultrathin strut
drug-eluting stents (DES) further improve 1-year
clinical outcomes in comparison with contempo-
rary thicker strut second-generation DES.

e Ultrathin strut DES reduce the risk of target lesion
failure driven by a reduction in myocardial infarc-
tion and also a lower rate of stent thrombosis in
comparison with contemporary thicker strut sec-
ond-generation DES.

What Are the Clinical Implications?

e Newer-generation ultrathin strut DES may improve
clinical outcomes over contemporary thicker sec-
ond-generation DES.

e The outcomes with second-generation DES,
although outstanding, have plateaued and largely
remained steady over the past decade, and further
design changes may be warranted to potentially
improve outcomes.

ontemporary  second-generation  drug-eluting
Cstents (DES) have markedly improved outcomes in

patients undergoing percutaneous coronary inter-
vention by reducing the risk of restenosis, stent throm-
bosis, and myocardial infarction (Ml), and may improve
survival in comparison with bare metal stents and first-
generation DES.™ In comparison with first-generation
DES, contemporary second-generation DES have thin-
ner struts and more biocompatible polymers, which
reduce vascular injury and inflammation, and promote
faster endothelialization, decreasing neointimal prolif-
eration and thrombogenicity.® Whether event-free sur-
vival can be further improved by further enhancements
in stent design is uncertain. In comparison with durable
polymers, drug elution from bioresorbable polymers and
polymer-free systems offers theoretical advantages that,
to date, have not been shown to confer improved clini-
cal outcomes.>” Similarly, outcomes with first-genera-
tion bioabsorbable scaffolds have been disappointing.®
Thus, clinical outcomes with contemporary second-
generation DES, while outstanding, have plateaued and
largely remained steady over the past decade.

Recently, ultrathin strut DES have been introduced with
the potential to further reduce vascular injury and acceler-
ate endothelialization. In the BIOFLOW V trial (Biotronik-
Safety and Clinical Performance of the Drug Eluting Or-
siro Stent in the Treatment of Subjects With Single De
Novo Coronary Artery Lesions), the 60-pm strut thickness
Orsiro sirolimus-eluting stent (SES) reduced target lesion
failure (TLF) in comparison with a widely used 81-um strut
thickness everolimus-eluting stent (EES).° However, this
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trial was designed to demonstrate noninferiority and not
superiority, and used a Bayesian design to combine data
from 2 earlier smaller randomized trials. Thus, whether
newer-generation ultrathin strut DES truly improve clini-
cal outcomes in comparison with contemporary thicker
strut second-generation DES, and if so, whether such re-
sults are confined to the Orsiro stent is uncertain.

We therefore sought to evaluate the outcomes with
ultrathin strut DES in comparison with current-genera-
tion DES, and to examine whether there are meaning-
ful differences between the currently available ultrathin
strut DES.

METHODS

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedures. The data are
freely available from the published studies.

Study Selection

We searched PubMed, Embase, and Cochrane Central Register
of Controlled Trials through December 31, 2017 for random-
ized clinical trials that compared newer-generation ultrathin
strut DES versus older second-generation thicker strut DES and
reported clinical outcomes (MeSH search terms in Table I in the
online-only Data Supplement). Ultrathin strut was defined as
<70-pm strut thickness. The strut thickness cutoff was chosen
to have at least a 10 pm lower strut thickness than the thicker
strut second-generation DES (strut thickness of =81 um). We
checked the reference lists of original trials, other meta-anal-
yses, review articles, and editorials to find other potential eli-
gible trials. There was no language restriction for the search.
We also searched the conference proceedings and abstracts
of the following societies: American Heart Association,
American College of Cardiology, Transcatheter Cardiovascular
Therapeutics, Society of Cardiovascular Angiography and
Intervention, European Society of Cardiology, and EuroPCR.
We kept the search current by setting up automated remind-
ers from PubMed for new publications.

Data Abstraction and Quality Assessment
Two authors (B.T. and N.P) independently assessed trial eligi-
bility and extracted data. Disagreements were resolved by con-
sensus and by discussion with a third author (S.B.). The 1-year
follow-up events from each trial were abstracted. The risk of
bias was assessed by using the components recommended
by the Cochrane Collaboration'®: sequence generation of the
allocation; allocation concealment; blinding of participants,
personnel, and outcome assessors; incomplete outcome data;
selective outcome reporting; and other sources of bias. Trials
with high or unclear risk for bias for any one of the above
components were considered at high risk of bias. Otherwise,
they were considered at low risk of bias.

Study Outcomes

The primary outcome was TLF defined as a composite of
cardiovascular death, target vessel MI, or ischemia-driven
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target lesion revascularization (TLR), evaluated at 1-year fol-
low-up. Other outcomes included the individual end points
of cardiovascular death, MI, TLR, and stent thrombosis (any
stent thrombosis defined based on the Academic Research
Consortium definite, probable, or possible definition; and
definite or probable stent thrombosis). The definition of Ml
is outlined in Table Il in the online-only Data Supplement and
involved both procedural and spontaneous Ml for most trials.

Statistical Analyses
Data were abstracted from each trial by using results
reported in an intention-to-treat approach. Meta-analysis
was performed in line with the guidelines from the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement and the recommendations of
the Cochrane Collaboration.™'" Fixed continuity correction
(addition of 0.5 to each cell) was used for trials with zero
events. The meta-analytic summary estimates (relative risk
[RR] with 95% Cls) for the newer-generation ultrathin strut
DES versus second-generation DES for the above outcomes
were calculated by using both the fixed-effect model and
the random-effects model of DerSimonian and Laird.'? This
was done to compare the fixed- and random-effects esti-
mates of the intervention effect as recommended by the
Cochrane Collaboration given that we anticipated some
heterogeneity (»>0). If the estimates are similar, then any
small-study effects have little effect on the intervention
effect estimate. Heterogeneity was assessed using the /2
statistic, with /<25% considered low, ’>25% and <75%
considered moderate, and />>75% considered high.'31
Small-study effects were assessed by a visual estimate of
funnel plot asymmetry and by the regression test of Egger
and Begg.

Meta-regression analyses were performed to evaluate
whether the type of ultrathin strut DES (Orsiro SES versus
MiStent SES versus BioMime SES) or the type of comparator

Ultrathin Strut DES

(Xience EES versus Resolute Integrity zotarolimus-eluting
stent [ZES] versus Nobori biolimus-eluting stent) were an
effect modifier for the treatment effect. This was done to
evaluate whether the results were consistent across the 3
ultrathin strut DES. Similarly, the meta-regression analysis
evaluated whether the type of control stent (which included
a wider range of strut thickness [81-120 um] than the
ultrathin stents [60-65 pm]) was an effect modifier. We
used residual maximum likelihood to estimate the additive
(between-study) component of variance tau? for the meta-
regression analysis. Bootstrap analyses were performed
using a Monte Carlo permutation test for meta-regression
using 10000 random permutations.'> Sensitivity analysis for
the primary TLF end point was also performed after exclud-
ing the SORT OUT VII trial (Scandinavian Organization for
Randomized Trials With Clinical Outcome VII) in which the
control stent was the 120-um-thick stainless steel Nobori
biolimus-eluting stent, in contrast to all other trials in which
the control stents were <90-pum-thick cobalt chromium alloy
platforms (Xience EES and Resolute ZES). This allowed for
the control stents to have a narrow range of strut thick-
ness (81-91 um). All analyses were performed by using stan-
dard statistical software (Stata 14, Stata Corporation) with
P<0.05 used to denote statistical significance.

RESULTS

Study Selection and Characteristics of
Included Trials

We identified 10 trials that randomly assigned 11658
patients and which satisfied our inclusion criteria (Fig-
ure 1, Table 1).The trials evaluated 3 ultrathin strut DES:
Orsiro SES (60 pm) (8 trials, 5444 patients), MiStent SES
(64 pm) (1 trial, 703 patients), and BioMime SES (65 pm)
(1 trial, 170 patients). The characteristics of the ultrathin

Records identified through database
search using keyword “stent”, and
limited to RCT, Humans (n=2207)

Duplicate studies (n=151)
Records excluded on the basis of title
and/or abstract (n=1904)

J—

Full-text articles assessed for
eligibility (n=152)

Not evaluating clinical endpoints (n=18)
Excluded stent comparisons (n=69)

Figure 1. Study selection.
RCT indicates randomized clinical trial.

=

65 articlesretrieved for detailed
evaluation

(n=6)

|

Studies using biodegradable scaffold

Studies using polymer-free stent (n=12)
Registry or Meta-analysis (n=37)

Studies included in the final meta-
analysis (n=10)
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Table 1. Baseline Characteristics of Included Trials
Diabetes Stent
Total Mellitus, | Prior MI, Diameter, Quality
Trial Year | Patients | Comparisons Age,y | Men, % % % ACS, % mm Ml Definition | of Trial*
BIOFLOW II'® 2015 452 Orsiro/CoCr EES 63 77 28 27 NR 2.8+0.5 Procedural+ +++
spontaneous Ml
BIOFLOW IVv? 2017 530 Orsiro/CoCr EES 65 74 31 31 29 3.0+0.4 Spontaneous +++
BIOFLOW V?° 2017 1334 | Orsiro/CoCr EES 65 74 33 27 51 2.6£0.5 Procedural+ +++
spontaneous Ml
BIORESORT"” 2016 2342 Orsiro/ZES-R 64 72 18 20 70 2.8+0.6 Procedural+ +++
spontaneous Ml
BIOSCIENCE™™ | 2014 2119 Orsiro/CoCr EES 66 77 20 20 53 3.0+£0.5 Procedural+ +++
spontaneous Ml
DESSOLVE 1% 2017 1398 MiStent/CoCr 66 72 27 27 59 3.0£0.4 Procedural+ +++
EES spontaneous Ml
meriT-V?! 2017 256 BioMime/CoCr 64 64 23 20 31 3.1£0.4 Procedural+ +++
EES spontaneous Ml
ORIENT?? 2017 372 Orsiro/ZES-R 65 71 26 NR 46 2.8 Procedural+ ++x
spontaneous Ml
PRISON V23 2017 330 Orsiro/CoCr EES 63 79 20 30 17 3.2+0.4 Spontaneous Ml +++
SORT OUT VII** | 2016 2525 Orsiro/Nobori 65 75 19 18 53 3.2+£0.6 Spontaneous MI +++

ACS indicates acute coronary syndrome; BIOFLOW, Biotronik-Safety and Clinical Performance of the Drug Eluting Orsiro Stent in the Treatment of Subjects With
Single De Novo Coronary Artery Lesions; CoCr EES, cobalt-chromium alloy everolimus eluting stent; MI, myocardial infarction; NR, not reported; ORIENT, The Orsiro
Hybrid sirolimus-eluting stent and Resolute Integrity zotarolimus-eluting stent in all-comers with coronary artery disease; and ZES-R, Zotarolimus eluting stent-Resolute.

*Represents risk of bias based on: sequence generation of allocation; allocation concealment and blinding. + indicates low bias risk; —, high-bias risk; and =,

unclear bias risk.

strut DES are outlined in Table 2. The comparators were
Xience EES (81 pym) (7 trials, 2782 patients), Resolute
Integrity ZES (91 um) (2 trials, 1295 patients), and the
Nobori biolimus-eluting stent (120 pym) (1 trial, 1264
patients). The device and baseline characteristics and
bias risk assessments are outlined in Table 1. The strut
thickness of the 3 ultrathin strut DES ranged from 60 to
65 pm, in comparison with the 3 thicker strut control
second-generation DES that ranged from 81 to 120 um.

Target Lesion Failure

In comparison with the older second-generation thicker
strut DES, newer-generation ultrathin strut DES were
associated with a 16% reduction in TLF (RR, 0.84;

Table 2. Characteristics of Stents Used in Included Trials

95% Cl, 0.72-0.99) (Figure 2A). Test for subgroup ef-
fects based on the ultrathin strut DES type (P=0.58) or
based on the comparator DES type (P=0.98) were not
significant, suggesting no effect modifications of these
variables. Moreover, there was no heterogeneity in the
overall analysis nor across the subgroups (”=0), and
the test for small-study effects was not significant (no
funnel plot asymmetry; Egger P=0.32; Begg P=0.15).
Sensitivity analysis was conducted after excluding the
SORT OUT VIl trial, demonstrating consistent results
(RR, 0.84; 95% Cl, 0.71-1.00; P=0.057).

The difference in TLF with the newer-generation
ultrathin strut DES in comparison with the thicker
strut second-generation DES was driven by a lower
risk of MI (RR, 0.80; 95% Cl, 0.65-0.99) (Figure 20),

CoCr EES ZES-R

Nobori

Orsiro MiStent BioMime

Platform material Cobalt chromium | Cobalt chromium

Stainless Steel

Cobalt chromium Cobalt chromium Cobalt chromium

Strut thickness 81 pm 91 pm 120 pm 60 pm 64 pm 65 pm
Passive coating - - - Silicon carbide - -
Polymer coating PBMA, PVDF-HFP | PBMA, PHMA, PVP, | PLLA (biodegradable) | PLLA (biodegradable) | PLGA (biodegradable) PLGA, PLLA
(Fluoro) and PVA (BioLinx) (biodegradable)
Polymer thickness 7.6 um 5.3 um 10 pum abluminal 7.4 pm abluminal; | 15 pm abluminal; 5 pm | 2 pm abluminal; 2 pm
3.5 pm luminal luminal luminal
Drug eluted Everolimus Zotarolimus Biolimus A9 Sirolimus Sirolimus Sirolimus
(Sirolimus)

CoCr EES indicates cobalt-chromium alloy everolimus eluting stent; PBMA, poly n-butyl methacrylate; PHMA, polyhexyl methacrylate; PLGA, polylactide-coglycolic
acid; PLLA, poly-t-lactic acid; PVA, polyvinyl acetate; PVDF-HFP, polyvinylidene fluoride cohexafluoropropylene; PVP, polyvinylpyrrolidinone; and ZES-R, Zotarolimus

eluting stent-Resolute.
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Ultrathin Strut DES

A Thi nd ; %
Ultra-Thin 274 Generation Weight
Study Events N Events N ) RR (95% CI) (D+L)
Orsiro :
BIOFLOW Il 19 298 12 154 0.82 (0.40, 1.69) 4.83
BIOFLOW IV 20 354 9 176 1.10 (0.50, 2.43) 4.08
BIOFLOW V 52 884 41 450 0.65 (0.43, 0.97) 15.07
BIORESORT 47 1169 53 173 0.89 (0.60, 1.32) 16.37
BIOSCIENCE 69 1063 70 1056 0.98 (0.70, 1.37) 22.84
ORIENT 6 250 4 122 0.73 (0.21, 2.59) 1.58
PRISON IV 6 165 8 165 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) Lo 0.85 (0.71, 1.01) 84.29
I-V Subtotal Lo 0.85 (0.71, 1.01)
MiStent |
DESSOLVE-IIl 40 703 45 695 g; 0.88 (0.57, 1.35) 13.92
D+L Subtotal (I-squared = NA, p = NA) 0.88 (0.57, 1.35) 13.92
I-V Subtotal <P 0.88 (0.57, 1.35)
BioMime .
merit-V 5 170 6 86 —_— 0.42 (0.13, 1.38) 1.79
D+L Subtotal (I-squared = NA, p = NA) P ——— 0.42 (0.13, 1.38) 1.79
I-V Subtotal _ 0.42 (0.13, 1.38)
All Stents I
D+L Overall (I-squared = 0.0%, p = 0.884) Lo 0.84 (0.72, 0.99) 100.00
I-V Overall o, 0.84 (0.72, 0.99)
1 1
N 1 10
Favors Ultra-Thin Favors 2" Generation
B . o . %
Ultra-Thin 2nd Generation Weight
Study Events N Events N RR (95% CI) (D+L)
Orsiro !
BIOFLOW I 2 208 1 154 1.03 (0.09, 11.40) 1.97
BIOFLOW IV 1 354 2 176 0.25 (0.02, 2.74) 1.97
BIOFLOW V 1 884 3 450 0.17 (0.02, 1.63) 222
BIORESORT 10 1169 10 1173 1.00 (0.42, 2.41) 14.77
BIOSCIENCE 20 1063 22 1056 0.90 (0.49, 1.65) 30.94
ORIENT 3 250 1 122 1.46 (0.15, 14.07) 2.22
PRISON IV 1 165 2 165 0.50 (0.05, 5.51) 1.97
SORT OUT VII 16 1261 18 1264 0.89 (0.45, 1.75) 25.02
D+L Subtotal (l-squared = 0.0%, p = 0.826) 0.85 (0.59, 1.24) 81.07
I-V Subtotal 0.85 (0.59, 1.24)
MiStent |
DESSOLVE-IIl 14 703 1 695 1.26 (0.57, 2.77) 18.19
D+L Subtotal (I-squared = NA, p = NA) 1.26 (0.57, 2.77) 18.19
I-V Subtotal §> 1.26 (0.57, 2.77)
BioMime ;
merit-V 0 170 0 86 ‘—__;=__ 0.51 (0.01, 25.49) 0.74
DéL Sublotal (-squared = NA, p = NA g 0.51(0.01,25.49)  0.74
I-V Subtotal (s p=NA) —— 0.51(0.01, 25.49)
All Stents i
D+L Overal[ (I-squared = 0.0%, p = 0.880) 4 0.91 (0.65, 1.27) 100.00
I-V Overall <;> 0.91 (0.65, 1.27)
T [
A 1 10
Favors Ultra-Thin Favors 2" Generation

Figure 2. Newer-generation ultrathin strut DES versus older second-generation thicker strut DES.

A, Target lesion failure (TLF). B, Cardiovascular death. (Continued)

with similar risks of cardiovascular death (RR, 0.91;
95% Cl, 0.65-1.27) (Figure 2B) and ischemia-driven
TLR (RR, 0.97; 95% Cl, 0.77-1.22) (Figure 2D). Tests
for subgroup effects for the 1-year rates of Ml, car-
diovascular death, and ischemia-driven TLR based on
the ultrathin strut DES type (P=0.96, 0.26, and 0.56,
respectively) and comparator DES type (P=0.70, 0.88,
and 0.17, respectively) were not significant. Moreover,
there was no or low heterogeneity (=0%-16.6%)
in the overall analysis and across the subgroups, and

2220 November 13,2018

the test for small-study effects was not significant
(no funnel plot asymmetry; Egger P=0.60, 0.13, and
0.58, respectively).

Stent Thrombosis

Newer-generation ultrathin strut DES were associ-
ated with qualitatively lower rates of any (definite,
probable, or possible) stent thrombosis (RR, 0.72;
95% Cl, 0.51-1.01) (Figure 3A) and definite or prob-
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C -Thi nd i %
Ultra-Thin 2n Generation Weight
Study Events N  Events N RR (95% CI) (D+L)
Orsiro !
BIOFLOW I 9 298 4 154 l 1.16 (0.36, 3.78) 3.42
BIOFLOW IV 17 354 7 176 1.21 (0.50, 2.91) 6.07
BIOFLOW V 41 884 37 450 0.56 (0.36, 0.88) 2242
BIORESORT 29 1169 31 1173 0.94 (0.57, 1.56) 17.59
BIOSCIENCE 41 1063 45 1056 0.91 (0.59, 1.38) 24.53
ORIENT 0 250 1 122 0.16 (0.01, 3.99) 0.47
PRISON IV 1 165 1 165 1.00 (0.06, 15.99) 0.62
SORT OUT VII 20 1261 30 1264 0.67 (0.38, 1.18) 14.26
D+L Subtotal (l-squared = 0.0%, p = 0.581) 0.79 (0.63, 0.98) 89.38
|-V Subtotal 0.79 (0.63, 0.98)
MiStent ;
DESSOLVE-III 703 695 1.12 (0.56, 2.24) 9.63
D+L Subtotal (I-squared NA, p = NA) 1.12 (0.56, 2.24) 9.63
I-V Subtotal <> 1.12 (0.56, 2.24)
BioMime
merit-V 1 170 4 86 —e 0.13 (0.01, 1.13) 1.00
D+L Subtotal (l-squared = NA, p = NA P 0.13 (0.01, 1.13) 1.00
|-V Subtotal (g P ) '<‘:_._._-—'_"? 0.13 (0.01, 1.13)
All Stents !
D+L Overall (l-squared = 3.3%, p = 0.410) e 0.80 (0.64, 1.00) 100.00
I-V Overall Q 0.80 (0.65, 0.99)
I : I
A 1 10
Favors Ultra-Thin Favors 2" Generation
D . . . %
Ultra-Thin 27 Generation Weight
Study Events N Events N RR (95% CI) (D+L)
Orsiro
BIOFLOW I 1 298 8 154 0.71(0.29,1.77) 7.45
BIOFLOW IV 5 354 0 176 5 47 (0.30,98.90) 0.83
BIOFLOW V 17 884 10 450 0.87 (0.40,1.89) 9.71
BIORESORT 18 1169 17 1173 1.06 (0.55,2.08) 12.71
BIOSCIENCE 41 1063 32 1056 1.27 (0.80,2.02) 21.48
ORIENT 3 250 3 122 0.49(0.10,2.42) 2.63
PRISON IV 16 165 6 165 2.67(1.04,6.81) 7.07
SORT OUT VII 25 1261 37 1264 0.68(0.41,1.12) 18.95
D+L Subtotal (I-squared = 32.1%, p =0.172) 1.02(0.73,1.43) 80.83
|-V Subtotal 1.01(0.78, 1.30)
MiStent
DESSOLVE-III 23 703 28 695 0.81(0.47,1.41) 16.83
D+L Subtotal (I-squared = NA, p = NA) 0.81(0.47,1.41) 16.83
1-V Subtotal 0.81(0.47,1.41
BioMime
merit-V 4 170 2 86 1.01 {0.19, 5.52; 2.35
+| Subtot: |-squared = NA. = NA 1.01 0.19, 5.52 2.35
PUSiiisal (-sa p=NA) 1.01 (0.19, 5.52)
All Stents
D+L Overall (l-squared = 16.6%, p = 0.290) 0.98 (0.75, 1.27)  100.00
I-V Overall 0.97 (0.77, 1.22)
I | I
A 1 10
Favors Ultra-Thin Favors 2"¢ Generation

Figure 2 Continued. C, Myocardial infarction (MI). D, Ischemia-driven target lesion revascularization (TLR). Trials are stratified by the type of ultrathin strut DES.
Data are for 1-year outcomes. DES indicates drug-eluting stents; D+L, Dersimonian and Laird random-effects model; I-V, inverse variance fixed-effect model; and

RR, relative risk.

able stent thrombosis (RR, 0.74; 95% Cl, 0.53-1.05)
(Figure 3B) in comparison with the thicker strut sec-
ond-generation DES. The point estimate for definite
stent thrombosis also favored ultrathin strut DES (Fig-
ure 3C). Tests for subgroup effects for any, definite/
probable, and definite stent thrombosis based on the
ultrathin strut DES type (P=0.92, 0.91, and 0.58, re-
spectively) and comparator DES type (P=0.39, 0.11,
and 0.20, respectively) were not significant. More-
over, there was no heterogeneity (#=0%) in the

Circulation. 2018;138:2216—2226. DOI: 10.1161/CIRCULATIONAHA.118.034456

overall analysis or across the subgroups, and the test
for small-study effects was not significant (no fun-
nel plot asymmetry; Egger P=0.83, 0.95, and 1.00,
respectively).

DISCUSSION

In the present systematic meta-analysis of data from
10 randomized clinical trials with >11500 patients,
the risk of TLF was reduced with the newer-genera-
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A . nd . %
Ultra-Thin 2" Generation Weight
Study Events N Events N RR (95% CI) (D+L)
Orsiro
BIOFLOW I 0 298 0 154 0.01, 26.04) 0.73
BIOFLOW IV 3 354 0 176 0.18, 67.38) 1.28
BIOFLOW V 4 884 5 450 0.11, 1.52) 6.49
BIORESORT 5 1169 6 1173 0.26, 2.74) 7.97
BIOSCIENCE 29 1063 35 1056 0.50, 1.35) 46.33
ORIENT 0 250 0 122 0.01, 24.59) 0.73
PRISON IV 1 165 2 165 0.05, 5.51) 1.95
SORTOUTVII 14 1261 24 1264 0.30, 1.13) 25.83
D+L Subtotal (l-squared =0.0%, p = 0.912) 0.50, 1.01) 91.30
I-V Subtotal 0.50, 1.01)
MiStent
DESSOLVE-Il 5 703 6 695 0.25, 2.70) 7.97
D+L Subtotal (I-squared = NA, p = NA) 0.25, 2.70) 7.97
I-V Subtotal 0.25, 2.70)
BioMime
merit-V 0 170 0 86 0.01, 25.49) 0.73
D+L Subtotal (l-squared = NA, p = NA) 0 01, 25.49) 0.73
I-V Subtotal 0.01, 25.49)
All Stents
D+L Overall (l-squared =0.0%, p = 0.973) 0.51, 1.01) 100.00
I-V Overall 0.51, 1.01)
T
1 10
Favors Ultra-Thin Favors 2" Generation
B Ultra-Thin 2nd Generation %
Weight
Study Events N Events N RR (95% CI) (D+L)
Orsiro '
BIOFLOW II 0 298 0 154 X 0.52 (0.01, 26.04) 0.78
BIOFLOW IV 3 354 0 176 ——T*—— 3.48(0.18,67.38) 1.37
BIOFLOW V 4 884 3 450 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 0.49(0.01, 24.59) 0.78
PRISON IV 1 165 2 165 0.50 (0.05, 5.51) 2.08
SORT OUT Vi 11 1261 20 1264 0.55(0.26, 1.15) 22.19
D+L Subtotal (I-squared = 0.0%, p = 0.956) v 0.74 (0.51,1.07)  90.69
I-V Subtotal 0 0.74 (0.51, 1.07)
MiStent :
DESSOLVE-Il 5 703 6 695 —— 0.82 (0.25,2.70) 8.53
D+L Subtotal (l-squared = NA, p = NA) = 0.82(0.25, 2.70) 8.53
IV Subtotal = 0.82 (0.25, 2.70)
BioMime
merit-V 0 170 0 86 — 0.51(0.01, 25.49) 0.78
D+L Subtotal (l-squared = NA, p = NA) g 0.51 (0.01, 25.49) 0.78
|-V Subtotal I —— 0.51 (0.01, 25.49)
All Stents ,
D+L Overall (l-squared = 0.0%, p = 0.989) < 0.74 (0.53, 1.05)  100.00
|-V Overall Q 0.74 (0.53, 1.05)
T ‘ T
A 1 10
Favors Ultra-Thin Favors 2m Generation

Figure 3. Newer-generation ultrathin strut DES versus older second-generation thicker strut DES.
A, Any stent thrombosis (definite, probable, or possible). B, Definite or probable stent thrombosis. (Continued)

tion ultrathin strut DES in comparison with the older
second-generation thicker strut DES, with lower rates
of Ml and qualitatively lower rates of stent thrombo-
sis. There were no significant differences in cardiovas-
cular death or ischemia-driven TLR between the stent
types. Although the majority of the trials assessed
the ultrathin strut Orsiro SES versus Xience EES, tests
for subgroup effects showed no effect modulation
based on either the type of ultrathin strut DES or the
comparator DES used.

2222 November 13,2018

Strut Thickness and Outcomes

First-generation DES were formulated from stainless
steel and required thick struts (strut thicknesses 132
um for Taxus Express and 140 pm for Cypher BX Veloc-
ity) for adequate radial strength and radio-opacity. Sec-
ond-generation DES (such as Xience EES, Promus EES,
and Resolute ZES) use alloys such as cobalt chromium,
platinum chromium, or cobalt nickel that permit thin-
ner struts (80-90 pm) with preserved radial strength
and radio-opacity. Numerous clinical trials, registries,

Circulation. 2018;138:2216-2226. DOI: 10.1161/CIRCULATIONAHA.118.034456
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C - d ) %
Ultra-Thin  2"d Generation Weight

Study Events N Events N RR (95% CI) (D+L)

Orsiro :
BIOFLOW I 0 298 0 154 1 0.52 (0.01,26.04)  1.91
BIOFLOW V 4 884 3 450 0.68 (0.15, 3.03) 13.11
BIORESORT 4 1169 3 173 1 1.34 (0.30, 5.98) 13.1
BIOSCIENCE 9 1063 4 1056 : 2.24 (0.69, 7.26) 21.18
ORIENT 0 250 0 122 1 0.49 (0.01, 24.59)  1.91
PRISON IV 1 165 1 165 —*—‘ 1.00 (0.06, 15.99)  3.82
SORT OUT VI 5 1261 15 1264 —- 0.33(0.12, 0.92) 28.69
D+L Subtotal (l-squared = 6.5%, p = 0.378) <P 0.81 (0.43, 1.53) 83.74
I-V Subtotal <P 0.80 (0.44, 1.45)

MiStent ;
DESSOLVE-III 3 703 5 695 — 0.59 (0.14, 2.48) 14.34
D+L Subtotal (l-squared = NA, p = NA) += 0.59 (0.14, 2.48) 14.34
I-V Subtotal = 0.59 (0.14, 2.48)

BioMime |
merit-V 0 170 0 86 T 0.51(0.01,2549)  1.91
D+L Subtotal (l-squared = NA, p = NA) —_ [ —— 0.51 (0.01,25.49)  1.91
IV Subtotal ——— T——  051(0.01,2549)

All Stents !
D+L Overall (l-squared = 0.0%, p = 0.580) <p 0.76 (0.44, 1.31) 100.00
|-V Overall <p 0.76 (0.44, 1.31)

T ; T
K| 1 10
Favors Ultra-Thin Favors 2" Generation

Figure 3 Continued. C, definite stent thrombosis. Trials are stratified by the type of ultrathin strut DES. Data are for 1-year outcomes. DES indicates drug-eluting
stents; D+L, Dersimonian and Laird random-effects model; I-V, inverse variance fixed effect model; and RR, relative risk.

and meta-analyses have shown improved outcomes
with these second-generation DES in comparison with
first-generation DES or bare metal stents.’>7.2> Thin-
ner struts afford not only greater flexibility and, hence,
greater deliverability, but also reduce stent-induced ar-
terial injury and inflammation and facilitate faster endo-
thelialization.® Moreover, thinner struts cause less tur-
bulence and areas of low shear than otherwise identical
thicker strut stents, with decreased thrombogenicity.®
To attempt to further improve on the outcomes of
durable polymer-based second-generation DES, vari-
ous iterations have been developed, including biore-
sorbable polymer-based DES, polymer-free DES, and
bioresorbable scaffolds. However, the clinical outcomes
with these newer systems have at best been noninferi-
or to their durable polymer counterparts. For example,
a number of randomized trials and meta-analyses have
shown that the bioresorbable polymer-based non-ul-
trathin stents are at best noninferior to second-gener-
ation durable polymer stents, without evidence of su-
periority.>7® As such, clinical outcomes have plateaued
since the widespread adoption of second-generation
DES. More recently, ultrathin strut DES have been in-
troduced. Clinical outcomes from randomized trials
comparing these newer devices with contemporary
second-generation DES are to date available only for 3
ultrathin strut stents: the Orsiro SES (60-pm strut thick-
ness), the MiStent SES (64-pm strut thickness), and the
BioMime SES (65-um strut thickness). The largest of
these studies, the BIOFLOW V trial, reported that Orsiro
SES was superior at reducing TLF in comparison with

Circulation. 2018;138:2216—2226. DOI: 10.1161/CIRCULATIONAHA.118.034456

the Xience EES, driven by differences in target vessel
ML.° Similarly, in the meriT-V trial (BioMime Vs. Xience
Randomised Control Clinical Study), the BioMime ul-
trathin strut DES had a significantly lower risk of MI
(0.6% versus 4.8%; P=0.03) in comparison with the
XIENCE EES. The present analysis of 10 randomized
clinical trials reinforces this result, demonstrating a sig-
nificant reduction in TLF driven by lower rates of Ml
with ultrathin strut DES in comparison with second-
generation DES. The 16% summary estimate relative
risk reduction in TLF, although modest, is consistent
with what might be expected with a reduction in strut
thickness by =10 pm. Although the present data set
does not allow differentiation of the cause of the lower
MI rate with ultrathin DES, it is most likely attributable
to the lower stent thrombosis rate observed, and po-
tentially fewer cases of periprocedural Ml attributable
to less side branch coverage.®2¢

Of note, there was no difference in TLR between the
stents. This is not surprising because prior trials with
these stents showed similar angiographic late lumen
loss, the driver for TLR.?” For example, late lumen loss
in the PRISON IV trial (Primary Stenting of Occluded Na-
tive Coronary Arteries) was 0.12+0.59 mm for the Or-
siro SES and 0.07+0.46 mm for the XIENCE EES stent
(P=0.52).23 Similarly, in the meriT-V trial, the BioMime SES
and XIENCE EES had nearly identical degrees of in-stent
late lumen loss (0.15+0.27 mm versus 0.15+0.29 mm,
respectively; P=0.87).2' In the DESSOLVE |l trial (Clinical
Investigation of the MiStent Drug Eluting Stent [DES] in
Coronary Artery Disease), MiStent SES was superior to
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fast-release ZES (Endeavor) for 9-month in-stent late lu-
men loss (0.27+0.46 versus 0.58+0.41; P<0.001). Thin-
ner struts may have less radial force than thicker strut
stents. However, the above angiographic outcomes for
the ultrathin strut DES are reassuring. Despite this, ul-
trathin strut DES may not be suitable for lesion subsets
underrepresented in these trials, such as heavily calcified
lesions, ostial lesions, and chronic total occlusions.

The 3 ultrathin strut DES evaluated in the cur-
rent analysis all elute sirolimus from a bioresorbable
polymer. The extent to which differences in drug
type (sirolimus versus other limus) or polymer type or
composition (bioresorbable polymer versus durable
polymer) may have contributed to the superiority of
these stents may be questioned. The Orsiro stent that
was used in 8 of 10 trials included in this analysis has
a bioabsorbable polymer that completely degrades
during a period of 12 to 24 months. Thus, the re-
ported 1-year outcome in the present report is at a
time point before the polymer completely dissolves,
suggesting that it was not the bioresorbable poly-
mer that was responsible for the superior outcomes.
Moreover, prior trials and meta-analyses have not
shown improved clinical outcomes with non-ultrathin
bioabsorbable polymers in comparison with durable
polymers.>” Nor have prior trials shown superiority
of sirolimus-eluting first-generation (Cypher) DES in
comparison with the second-generation DES. Many
non-ultrathin bioresorbable polymer-based DES also
elute sirolimus. Yet, as discussed above, these stents
were not shown to be superior to durable polymer-
based second-generation stents eluting other limus-
analogue agents. As such, the results in the current
analysis are unlikely to be explained by the polymer
composition or by the drug eluted. Of note, no sig-
nificant differences in 1-year outcomes were appar-
ent between the 74-um bioabsorbable polymer-based
everolimus-eluting SYNERGY stent and the 82-um
durable polymer-based everolimus-eluting XIENCE
stent in a large randomized trial.?®¢ Thus, as long as
the polymer is biocompatible and causes low inflam-
mation, its permanence may be less important than
strut thickness in determining safety outcomes, and,
in this regard, >10 pm reduction in strut thickness
from the prior standard may be required to obtain a
clinically relevant improvement.

Study Limitations

We did not have access to individual patient data from
the component studies in the present report. As such,
multivariable analyses and subgroup analyses were not
possible, and we cannot account for small differences
in baseline characteristics between the groups. How-
ever, statistical heterogeneity was low to absent in most
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of the analyses, indicating consistency in effect across
trials. Nonetheless, individual patient data might help
determine, for example, whether the benefit of ultra-
thin strut devices is restricted to or particularly evident
in certain lesion types, such as bifurcations or small
vessels. Although the meta-regression analysis for sub-
group effect did not show a difference based on type of
ultrathin or control stent used, the results were largely
driven by the Orsiro stent versus the Xience comparator
(although the results for Orsiro stent by itself was not
statistically significant). Whether the results extend to
the other ultrathin stents needs to be evaluated in trials
powered for clinical outcomes. The Cls around the RRs
for the TLF and Ml treatment effects were wide, and the
observed differences between devices in stent throm-
bosis did not strictly reach statistical significance. Ad-
ditional randomized trials would provide greater power
to tighten the Cls around the point estimates. Finally,
longer-term follow-up is required to examine whether
larger differences in Ml or stent thrombosis between
the device types will emerge over time, and whether
the safety advantage of ultrathin strut DES translates
into a lower rate of cardiovascular mortality.

Conclusions

In the present systematic meta-analysis of 10 trials in
which 11658 patients were randomly assigned, newer-
generation ultrathin strut DES reduced the 1-year risk
of TLF in comparison with the contemporary thicker
strut, older second-generation DES, driven by less Ml
and stent thrombosis. Newer-generation ultrathin strut
DES thus may represent the next standard in DES tech-
nology. Additional studies and longer-term follow-up
are needed to confirm these findings and to evaluate
the durability of effect.
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