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Background The aim of this study was to compare the safety and efficacy of biodegradable-polymer (BP) drug-eluting stents (DES),
bare metal stents (BMS), and durable-polymer DES in patients undergoing coronary revascularization, we performed
a systematic review and network meta-analysis using a Bayesian framework.

Methods Study stents included BMS, paclitaxel-eluting (PES), sirolimus-eluting (SES), endeavor zotarolimus-eluting (ZES-E),

and results cobalt—chromium everolimus-eluting (CoCr-EES), platinium—chromium everolimus-eluting (PtCr-EES), resolute zotar-
olimus-eluting (ZES-R), and BP biolimus-eluting stents (BP-BES). After a systematic electronic search, 113 trials with
90 584 patients were selected. The principal endpoint was definite or probable stent thrombosis (ST) defined according
to the Academic Research Consortium within 1 year.

Results Biodegradable polymer-biolimus-eluting stents [OR, 0.56; 95% credible interval (Crl), 0.33—0.90], SES (OR, 0.53; 95%
Crl,0.38-0.73), CoCr-EES (OR, 0.34; 95% Crl,0.23—-0.52), and PtCr-EES (OR, 0.31; 95% Crl, 0.10—0.90) were all super-
ior to BMS in terms of definite or probable ST within 1 year. Cobalt—chromium everolimus-eluting stents demonstrated
the lowest risk of ST of all stents at all times after stent implantation. Biodegradable polymer-biolimus-eluting stents was
associated with a higher risk of definite or probable ST than CoCr-EES (OR, 1.72; 95% Crl, 1.04—2.98). All DES reduced
the need for repeat revascularization, and all but PES reduced the risk of myocardial infarction compared with BMS.

Conclusions All DESs but PES and ZES-E were superior to BMS in terms of ST within 1 year. Cobalt—chromium everolimus-eluting
stents was safer than any DES even including BP-BES. Our results suggest that not only the biodegradability of polymer,
but the optimal combination of stentalloy, design, strut thickness, polymer, and drug all combined determine the safety of
DES.
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Introduction

Drug-eluting stents (DESs) compared with bare metal stents (BMS)
have reduced the need for repeat revascularization,' > and have
largely replaced BMS in the treatment of coronary artery disease.
However, concerns have been raised regarding the potential for
late stent thrombosis (ST) with DES related to delayed healing of
vessel wall.** Studies have suggested that a reaction to the durable
polymer (DP) containing the drug may trigger continued inflamma-
tion and late ST.°~® Therefore, developments in newer generation
of DES have been focused on biocompatible polymer, biodegradable-
polymer (BP) DESs, and polymer-free DESs.

Recent meta-analyses have shown improved safety as well as effi-
cacy of newer-generation DESs.” ™" However, the major limitations
of the previous meta-analyses were that the proportion of patients
with newer-generation DES were relatively small and thus compari-
sons had restricted statistical power. Furthermore, BP-DESs were
not included in the analyses. Although BP-DESs have yet to receive
approval in the USA, they are widely used across the world including
Asia and Europe. In this study, we compared clinical outcomes of
various types of coronary stents to assess their safety and efficacy.
Specifically, we analysed (i) whether DES increases or decreases
the risk of ST compared with BMSs, (ii) whether different DP-DESs
are vulnerable to ST in the long-term clinical follow-up, (iii) the
safety and efficacy of newer-generation DP-DESs and BP-DESs com-
pared against each other and against BMS. A systematic literature
review of randomized controlled trials (RCTs) comparing coronary
stents was performed, and the data from the review were the basis
of a multiple-treatments network meta-analysis using a Bayesian
framework."?

Methods

Eligibility criteria

We included RCTs comparing two or more coronary stents in patients
undergoing percutaneous coronary intervention. Study stents were
restricted to those approved by regulatory bodies of both Korea (Minis-
try of Food and Drug Safety) and Europe (CE mark) and included the fol-
lowing stent types: (i) BMS, (ii) paclitaxel-eluting stents (PESs, Boston
Scientific), (iii) sirolimus-eluting stent (SES, Cordis), (iv) endeavor
zotarolimus-eluting stents (ZES-E, Medtronic), (v) cobalt—chromium
everolimus-eluting stents (CoCr-EES, Abbott Vascularand Boston Scien-
tific), (vi) platinum—chromium everolimus-eluting stents (PtCr-EES,
Boston Scientific), (vii) resolute zotarolimus-eluting stents (ZES-R, Med-
tronic), (viii) BP biolimus A9-eluting stents (BP-BES, Biosensors and
Terumo), and (ix) BP everolimus-eluting stents (BP-EES, Boston Scientif-
ic). After the initial analysis, the protocol was amended to exclude BP-EES
fromthe study, because the sample size and the event numbersin the only
study that tested BP-EESs were very small."® We excluded studies (i)
comparing two stents with different stent design within the same cat-
egory described above,'* (ii) in which specific type of DESs was not pre-
defined and the choice among available DES was left to the investigators’
discretion (for example, BMSs vs. any DESs),">"® and (iii) published in a
language other than English."”” No restrictions were imposed on study
period, sample size, or publication status as well as patient or lesion cri-
teria. Thus, studies with exclusive enrollment of patients with acute myo-
cardial infarction (MI) or with bypass grafts were also included in the
meta-analysis.

Data sources and searches

We performed an electronic search of the PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL), and relevant websites
(www.crtonline.org, www.clinicaltrialresults.com, www.tctmd.com,
www.cardiosource.com, and www.pcronline.com) were also searched
from the inception of each database to March 2013 (search terms
described in Supplementary material online, Table S7). The electronic
search strategy was complemented by manual review of reference lists
of included articles. References of recent reviews, editorials, and
meta-analyses were also examined. Two individual investigators (S.H.K.
and W.H.L.) performed screening of titles and abstracts, identified dupli-
cates, reviewed full articles, and determined their eligibility. Disagree-
ment between reviewers was resolved by discussions. The most
updated data for each study were searched manually, and chosen for ab-
straction. Data extraction was done by one reviewer (S.H.K.), and subse-
quently cross-checked by a second reviewer (W.H.L.).

Risk of bias assessment

The quality of eligible RCTs was assessed using the Cochrane Collabora-
tion’s tool for assessing the risk of bias.'® Both manuscript and protocol, if
available online, were reviewed for relevant information on quality. Risk
of bias was assessed by one reviewer (K.P. or D.Y.K.), and cross-checked
by a second reviewer (S.H.K.).

Study outcomes and definitions

The principal safety endpoint was definite or probable ST defined accord-
ing to the Academic Research Consortium (ARC) within 1 year."” If a
study reported the incidence of ST in a way other than the ARC consen-
sus (such as protocol-defined ST), the results were not included in the
analysis. Other safety endpoints included definite ST, all-cause death,
cardiac death, and M. Efficacy endpoints were target lesion revasculariza-
tion (TLR) and target vessel revascularization (TVR). Outcomes within 1
year as well as long-term outcomes (>1 year) were evaluated. For each
clinical outcome, the most inclusive definitions were abstracted if pos-
sible, e.g. all-cause Ml rather than target vessel-related MI, all TLR
rather than ischaemia-driven or clinically driven TLR.

Data synthesis and analysis

A Bayesian random effects model for multiple treatment comparisons
was constructed to compare clinical outcomes of different stent types.
We used Bayesian extension of the hierarchical random-effects model
proposed by Lumley for networks of multi-arm trials.”® Odds ratios
(ORs) with 95% credible intervals (Crls) are presented as summary sta-
tistics. Non-informative prior distributions were selected so as to allow
the data to dominate the final results. Data were analysed with
WinBUGS v.1.4.3 (MRC Biostatistics Unit, Cambridge, UK) and R pro-
gramming. We ran Markov chain Monte Carlo samplers in WinBUGS,
running three chains with different starting values. A burn-in phase of
20000 iterations was followed by 50 000 updates, where the number
of burn-in iterations was chosen according to the Brooks—Gelman—
Rubin method for convergence checks.?' Pairwise ORs were estimated
from the median of the posterior distribution with Crls taken from the
2.5 and 97.5% percentiles. Results for which the Crls of the ORs did
not include 1 were considered significant. Sensitivity analysis was done
excluding (i) studies with any potential risk of bias evaluated with the
Cochrane Collaboration’s tool, (i) studies with exclusive enrollment of
diabetic patients, (iii) studies with exclusive enrollment of ST-segment
elevation myocardial infarction, and (iv) studies with mandatory angio-
graphic follow-up.
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Results

Study selection

Figure 1 shows the flow diagram of this study depicted according the
statement of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). Among 1649 potentially relevant
items, 113 trials comprising 90 584 patients were finally selected
for this meta-analysis. The network plot shows a polygonal
network configuration with mixed connections (Figure 2). There
were almost fully closed loops, while PtCr-EES and ZES-R had only
limited comparisons.

Systematic review and study
characteristics

Supplementary material online, Table 52 briefly describes key features
of the included trials. Six trials had a three-arm design, while one study
had two-phase enrollment. Ten trials exclusively enrolled patients
with diabetes, 21 with ST-segment elevation MI, 5 with chronic total
occlusion, 3 with unprotected left main coronary artery disease, 3
with in-stent restenosis, and 2 with bypass graft. Estimated median
duration of follow-up was 19.1 months ranging from 3 months to 5
years. Supplementary material online, Table S3 further describes the
patient and protocol characteristics of the included trials.

Medline Embase
Articles found Articles found
(N=739) (N=635)

CENTRAL Online
Articles found Articles found
(N=623) (N=593)

v

| Articles after duplication removed (N=1,650) ‘

Articles excluded (N=1,421)
- Irrelevant subjects, patients, or outcomes (N=951)
- Editorials, comments (N=76)
- Review or meta-analysis (N=54)
- Observational studies (N=73)
- Stents other than study stents compared (N=111)
- Substudy of RCT (N=114)
- Pooled analysis of RCTs (N=26)
- Design paper only (N=11)
- Other language (N=1)
- Comparison within the same category (N=4)

Full article obtained (N=229)

- Duplicated (N=3)

Articles excluded (N=31)

- Specific type of DES not defined (N=5)

- Irrelevant outcomes — no clinical events reported (N=9)
P - Observational studies (N=2)

- Stents other than study stents compared (N=1)

- Substudy of RCT (N=9)
- Pooled analysis of RCTs (N=1)

- Retracted due to violation of ethical policy (N=1)

< Articles included after manual search (N=13)

| Articles included (N=211) ‘

Trials initially included (N=114)

—b| Excluded after inclusion criteria amendment (N=1) ‘
y

| Trials finally included (N=113) ]

Figure | Flow diagram of systematic review. The study flow diagram was depicted following the PRISMA (preferred reporting items for systematic
reviews and meta-analyses) statement. RCT, randomized controlled trial; DES, drug-eluting stent.
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Figure2 Networkplotofincludedtrials. Eachstentis represented by anode. The size of the node is proportional to the sample size randomized to
each stent, while the thickness of the line connecting the nodes is to the total randomized sample size in each pairwise treatment comparison. BMS,
bare metal stents; PES, paclitaxel-eluting stents; SES, sirolimus-eluting stents; ZES-E, endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chro-
mium everolimus-eluting stents; PtCr-EES, platinum—chromium everolimus-eluting stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES,

biodegradable-polymer-biolimus-eluting stents.

Risk of bias within studies

Figure 3 shows the risk of bias graph illustrating the proportion of
studies with each of the judgments (‘Yes’, ‘No’, ‘Unclear’) for each
entry in the Cochrane Collaboration’s tool. A full description of
the summary of risk of bias judgments of each study is available in Sup-
plementary material online, Figure S1. All of the included trials were
RCTs. Allocation concealment was adequate in 86 out of 113 trials.
A double-blind design was adopted in some studies, especially
those done in early period (2003—06), while no studies since 2007
included double-blinding. Two-thirds of the studies described ad-
equate blinding of clinical event adjudication.

Definite or probable stent thrombosis

The primary safety endpoint of this study, definite or probable ST
within 1 year, was available from 77 studies including 75 484 patients.
Figure 4 shows the estimated OR of each stent compared with each
other driven from Bayesian random effects model. All DESs
showed significant or at least numerically lower risk of definite or
probable ST compared with BMS, with significant reductions seen
in BP-BES, SES, CoCr-EES, and PtCr-EES. In individual comparisons,

SES was superior to PES, while CoCr-EES was superior to most
other DES including PES, ZES-E, SES, and BP-BES. Although newer-
generation DP DES such as ZES-R and PtCr-EES showed promising
results, their credible intervals were wide and thus, none of the indi-
vidual comparisons with other DES reached statistical significance.
The rank of each stent was as follows (rankograms shown in Supple-
mentary material online, Figure S2): (PtCr-EES + CoCr-EES) >
(ZES-R + SES + BP-BES) > (ZES-E > PES > BMS).

When the analysis was extended up to the longest follow-up avail-
able, a total of 84 studies comprising 79 239 patients were included.
Seven studies that were not included in the ‘within 1 year’ analysis
were added in this analysis since they reported clinical outcomes oc-
curring beyond 1 year only in the literature. The results were mostly
similar except for the superiority of ZES-E and BP-BES over PES, and
CoCr-EES over ZES-E (Figure 5, Supplementary material online,
Figure S3). The superiority of SES over BMS lost statistical significance
in the long-term follow-up, as the risk of very late ST was significantly
higher with SES. CoCr-EES maintained excellent performance with
respect to any classification of ST relative to onset timing, while
BP-BES was comparable with CoCr-EES in terms of late and/or
very late ST (Figure 5, Supplementary material online, Figure $4-57).
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Random sequence generation |

Allocation concealment |

Blinding (study patient) |

Blinding of clinical outcome assessment |

Incomplete outcome data addressed |

Free of selective reporting |

Free of other bias I

0%

OYes (Low risk of bias)

OUnclear

20% 40% 60% 80% 100%
® No (High risk of bias)

Figure 3 Risk of bias assessment. Risk of bias of each included trial was assessed with the Cochrane Collaboration’s tool. This ‘risk of bias graph’
illustrates the proportion of studies with each of the judgements for each entry in the tool. Green represents ‘yes (low risk of bias)’; yellow, ‘unclear’;

red, ‘no (high risk of bias)’.

Definite stent thrombosis

Atotal of 77 studies with 73 255 contributed to the analysis of defin-
ite ST within 1 year. As shown in Figure 6, while SES was superior to
BMS, CoCr-EES showed significantly lower risk of definite ST than
most of the study stents including BMS, ZES-E, ZES-R, PES, BP-BES,
and SES. The rank of each stent was as follows: CoCr-EES >
(PtCr-EES > SES > BP-BES > PES > ZES-R > ZES-E > BMS). CoCr-
EES showed the lowest risk of ST regardless of the timing of ST (early,
late, and very late ST) and the duration of follow-up (longer-term ana-
lysis) (Supplementary material online, Figure S8).

Test for inconsistency

The superiority of BP-BES to BMS was consistently observed in both
direct and indirect estimates of the comparison, and so was the su-
periority of CoCr-EES to BP-BES (I* = 0% for definite or probable
ST, and definite ST) (Figure 7). All other pairwise estimates were con-
sistent across direct and indirect evidence except for the comparison
between BP-BES vs. SES (I* = 58% for definite or probable ST, 0% for
definite ST). Inconsistency plot for triangular loops is shown in Sup-
plementary material online, Figure S9.

Efficacy endpoints

Figure 8 shows the estimated pooled ORs with 95% credible intervals
with regard to TLR within 1 year (87 studies including 68234
patients). All DESs were associated with reduced risk of repeat revas-
cularization compared with BMS. Biodegradable-polymer biolimus-
eluting stents, CoCr-EES, and SES, in addition, were shown to have
a lower risk of TLR than ZES-E, and PES. The efficacy rank of each
stent was as follows: (BP-BES > CoCr-EES > SES > PtCr-EES >
ZES-R) > (PES > ZES-E) > BMS. Meta-analysis for TVR within 1
year is shown in Supplementary material online, Figure S10.

Other safety endpoints

Therewas no statistical difference for any comparison between study
stents in terms of all-cause death, or cardiac death (Supplementary
material online, Figure S11-S12). In terms of MI within 1 year,
PtCr-EES, ZES-R, CoCr-EES, ZES-E, SES, and BP-BES were shown
to be superior to BMS, while PtCr-EES, ZES-R, CoCr-EES, ZES-E,
and SES were to PES (Figure 9).

Sensitivity analysis

A sensitivity analysis was done for studies with low risk of bias. Entries
of blinding of patients and physicians were not considered, since only
17 studies were designed double-blinded. After excluding studies
with any potential risk of bias (unclear or no) in the other six entries
assessed according the Cochrane Collaboration’s tool, 49 trials with
61411 patients contributed to the analysis (Supplementary material
online, Figure $13). The results did not change to a significant degree
except for the emergence of superiority of SES over ZES-E (Supple-
mentary material online, Figure $14). Other sensitivity analyses after
excluding studies with diabetic patients, studies with ST-segment ele-
vation M, or studies with mandatory angiographic follow-up with
regard to any endpoints showed similar results with the main analysis
(Supplementary material online, Table $4).

Discussion

To the best of our knowledge, this study is the most updated and
comprehensive network meta-analysis comprising contemporary
coronary stents including the biodegradable-polymer DES. The
major findings of this study are as follows: (i) All DESs significantly
or at least numerically reduced the risk of definite or probable ST
up to 1 year compared with BMS. (ii) In individual comparisons,
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Definite or Probable ST within 1 Year

Odds Ratio (95% Credible Intervals) Comparisons
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Figure4 Definite or probable stent thrombosis within 1 year. The squares and horizontal lines indicate pairwise odds ratios and their 95% credible
intervals for definite or probable stent thrombosis within 1 year estimated with multiple-treatment meta-analysis. BMS, bare metal stents; PES,
paclitaxel-eluting stents; SES, sirolimus-eluting stents; ZES-E, endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chromium everolimus-eluting
stents; PtCr-EES, platinum-chromium everolimus-eluting stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES, biodegradable-

polymer-biolimus-eluting stents.
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CoCr-EES vs. BMS —— i 0.35(0.23-0.52)

0.31(0.10-0.89)
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(D) Very Late ST (>365 days)

BMS vs. BMS n Reference
PES vs. BMS . 1.54(0.89-2.66)
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BP-BESvs.BMS —@—— 0.44(0.11-1.52)
SES vs. BMS e 1.82(1.05-3.13)

ZES-Rvs.BMS «—— 0.49(0.09-2.57)
CoCr-EES vs. BMS 0.49(0.20-1.17)
PICr-EES vs.BMS < E » 1.15(0.07-45.92)

(E) Late and very late ST (>30 days)

BMS vs. BMS ] Reference
PES vs. BMS —— 1.31(0.81-2.04)
ZES-E vs. BMS —— 0.82(0.41-1.76)
BP-BES vs. BMS — 0.42(0.15-1.10)
SES vs. BMS —— 1.16(0.73-1.78)
ZES-R vs. BMS —— 0.94 (0.30-3.22)
CoCr-EES vs. BMS —— 0.42(0.22-0.78)
PtCr-EES vs. BMS ik » 1.21(0.19-10.72)

(F) ST at the longest follow-Up

BMS vs. BMS ] Reference
PES vs. BMS - 1.08 (0.84-1.38)
ZES-E vs. BMS —— 0.70(0.48-1.01)
BP-BES vs. BMS —— 0.59(0.39-0.89)
SES vs.BMS - 0.82(0.64-1.05)
ZES-R vs. BMS —a— 0.62(0.32-1.22)
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Figure 5 Definite or probable stent thrombosis with reference to bare metal stent. The squares and horizontal lines indicate odds ratios and their
95% credible intervals for definite or probable stent thrombosis estimated with multiple-treatment meta-analysis. All comparisons are presented
with reference to bare metal stent. ST, stent thrombosis; BMS, bare metal stents; PES, paclitaxel-eluting stents; SES, sirolimus-eluting stents; ZES-E,
endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chromium everolimus-eluting stents; PtCr-EES, platinum—chromium everolimus-eluting
stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES, biodegradable-polymer-biolimus-eluting stents.

CoCr-EES was the safest stent regardless of the timing of ST or the
duration of follow-up, showing significantly reduced risk of ST com-
pared with BMS, PES, ZES-E, SES, and BP-BES. (jii) Biodegradable-
polymer-biolimus-eluting stents also showed significantly reduced
risk of definite or probable ST compared with BMS. However,
BP-BES was not superiorand in fact was inferior to CoCr-EES regard-
ing risk of ST, mainly due to an increase in the risk of early ST. (iv) All
DESs reduced the need for repeat revascularization compared with
BMSs. In particular, all new generation stents, ZES-R, PtCr-EES, SES,
CoCr-EES, and BP-BES, showed comparable performance.

Our finding that BMS was the worstamong all stents in terms of ST
may seem contrary to the common perception of increased throm-
bogenecity by polymer coatings of DES.*® However, the mechanism
behind ST may be different for short- vs. long-term events. In terms of
outcomes within 1 year, all of the DES compared with BMS signifi-
cantly reduced or at least tended to reduce the risk of definite or
probable as well as definite ST. However, for very late ST occurring
after 1 year, early-generation DP DES such as SES and PES were infer-
jorto BMS, while newer-generation DES including CoCr-EES, ZES-R,
ZES-E, and BP-BES maintained the tendency of superiority over BMS.

These findings may be explained by a new concept on ST proposed by
a recent study by Kolandaivelu et al? They showed using an ex vivo
model that strut thickness and geometry along with optimal position-
ing are critical factors in reducing thrombosis risk. It was also shown
that well-designed drug/polymer coatings do not inherently increase
acute ST, but rather serve as corrosive barriers and reduce throm-
bosis. A combination of stent geometry, thin strut, biocompatible
polymer, and optimal drug coating may have contributed to the
safety profile of newer-generation DES.

It has been shown in previous randomized trials that CoCr-EES
reduced the risk of ST compared with PES and BMS.2~%° Direct
comparison meta-analyses suggested a risk reduction in definite ST
with CoCr-EES compared with SES.""?® In this study, we showed
that the reduction in the risk of ST occurs not only in the short
term but is maintained through long-term follow-up for CoCr-EES.
Platinium—chromium everolimus-eluting stents also showed promis-
ing results with significantly lower definite or probable ST within 1
year compared with BMS, but more data on very late ST are required.

The safety profile of BP-BES seen in the present analysis is interest-
ing. Designed to improve long-term safety, BP-BES employed a
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Definite ST within 1 Year

Odds Ratio (95% Credible Intervals) Comparisons
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Figure 6 Definite stentthrombosis within 1year. The squares and horizontal lines indicate pairwise odds ratios and their 95% credible intervals for
definite stent thrombosis within 1 year estimated with multiple-treatment meta-analysis. BMS, bare metal stents; PES, paclitaxel-eluting stents; SES,
sirolimus-eluting stents; ZES-E, endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chromium everolimus-eluting stents; PtCr-EES, platinum—
chromium everolimus-eluting stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES, biodegradable-polymer-biolimus-eluting stents.
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Direct estimate -0.963 1.125 0.38[0.04, 3.46] —_—
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Heterogeneity P=0.99; 12=0% . ; .
Test for overall effect: Z= 2.44 (P = 0.01) 0.01 04 1 10
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Figure 7 Consistency between direct and indirect estimates of stent thrombosis comparing (A) BP-BES vs. BMS and (B) CoCr-EES vs. BP-BES.
BMS, bare metal stents; CoCr-EES, cobalt—chromium everolimus-eluting stents; BP-BES, biodegradable-polymer-biolimus-eluting stents; OR,

odds ratio; SE, standard error.

bioabsorbable polymer (poly-lactic acid), which is known to be
absorbed in the body within a few months.>”*® In this study,
BP-BES reduced the risk of definite or probable ST compared with
BMS. In the COMFORTABLE-AMI trial, in which patients with
ST-segment elevation MI were randomized to BP-BES or BMS
with an identical design (Gazelle), the occurrence of ST at 1 year
was numerically lower in the BP-BES arm than in the BMS arm, al-
though the difference did not reach statistical significance.”” In the
presentanalysis, the combination of the indirect and direct evidences
consistently showed statistically significant differences in safety com-
pared with BMS. The safety feature of BP-BES was prominent espe-
cially in the long-term period: the point estimates of late and very
late ST compared against BMS were almost comparable with those
of CoCr-EES. As most trials comparing BP-BES were done recently
and data on very late ST was mostly derived from a single study,’’
long-term outcomes from other studies are needed.

When comparing the individual stents, BP-BES was not superior
and was in fact inferior to CoCr-EES in terms of definite or probable

ST as well as definite ST. These findings are contradictory to a recent
meta-analysis that showed a trend towards lower risk of ST of
BP-DES compared with DP-DES.*° However, in that study, the
BP-DES was not only BP-BES, but also included two different types
of BP-SES, and the DP-DES arm consisted of mostly first-generation
DES. We believe for a fair comparison only the BP-BES should be
compared against the best DP-DES, the CoCr-EES. In our analysis,
when ST was analysed separately according to the time classification,
it was obvious that the difference was mostly due to increase in early
ST (within 30 days). The finding can be also be explained by the new
concepts on ST as described above.”” Biodegradable-polymer-
biolimus-eluting stents (BioMatrix®, Biosensors; Nobori®,
Terumo), whose platform is made of stainless steel, has relatively
thick strut (120 wm), and the abluminal polymer coating is 10 um
thick. In comparison, CoCr-EES has thinner strut thickness of
81 m, and a polymer coating as thin as 7.8 m. This study suggests
that rather than the biodegradability of the polymer itself, the optimal
combination of stent geometry, strut thickness, polymer coating
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Figure 8 Target lesion revascularization within 1 year. The squares and horizontal lines indicate pairwise odds ratios and their 95% credible inter-
vals for target lesion revascularization within 1 year estimated with multiple-treatment meta-analysis. BMS, bare metal stents; PES, paclitaxel-eluting
stents; SES, sirolimus-eluting stents; ZES-E, endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chromium everolimus-eluting stents; PtCr-EES,
platinum—chromium everolimus-eluting stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES, biodegradable-polymer-biolimus-eluting
stents.
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Myocardial Infarction within 1 Year

Odds Ratio (95% Credible Intervals) Comparisons
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Figure 9 Myocardial infarction within 1 year. The squares and horizontal lines indicate pairwise odds ratios and their 95% credible intervals for
myocardial infarction within 1 year estimated with multiple-treatment meta-analysis. BMS, bare metal stents; PES, paclitaxel-eluting stents; SES,
sirolimus-eluting stents; ZES-E, endeavor zotarolimus-eluting stents; CoCr-EES, cobalt—chromium everolimus-eluting stents; PtCr-EES, plat-
inum—chromium everolimus-eluting stents; ZES-R, resolute zotarolimus-eluting stents; BP-BES, biodegradable-polymer-biolimus-eluting stents.
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technology, and drug may play the pivotal role in the occurrence of
early-phase ST. Future efforts to achieve better safety of BP-DES
need to be focused on reducing the stent strut and polymer thickness.

Unfortunately, newly developed BP-DESs, such as BP-EES
(SYNERGY™, Boston Scientific) and BP-SES (OSIRO®, BIOTRO-
NIK), were not included in this meta-analysis because of their
limited data.’®3? SYNERGY has improved stent platform with
thinner strut thickness and lighter polymer coating. More recently,
the OSIRO stent, whose stent strut is even thinner (60 wm), also
showed promising results. It will be interesting to see whether the
combination of improvements in stent design combined with bio-
degradable polymer would lead to better short- and long-term
safety.

A network meta-analysis with a similar design has been published
recently by Palmerini et al.” One of the major differences is that in the
present analysis, data regarding BP-BES were included, and that the
statistical power regarding newer-generation DESs such as PtCr-
EES and ZES-R is significantly increased. Superiority of PtCr-EES
over BMS in terms of definite or probable ST was not seen in the pre-
vious work. In addition, the findings regarding BP-BES provide im-
portant insights on future stent design. Another merit of this study
is that a variety of clinical outcomes were comprehensively analysed
along with ST. In particular, we confirmed the comparable efficacy of
all of the newer generation DES.

Limitations

First, this meta-analysis comprising 112 randomized trials inherently
shares the limitations of each trial. However, sensitivity analysis ex-
cluding studies with any potential risk of bias showed consistent
results with the main analysis. In addition, no remarkable inconsist-
ency was found between direct and indirect evidence for most of
the comparisons. Secondly, each study had different designs including
enrolment criteria, follow-up protocols, and recommendations on
medications. While earlier studies recommended short-term dual
antiplatelet treatment and mandatory angiographic follow-up, dual
antiplatelet therapy for at least 6—12 months and no mandatory
follow-up angiography were common in recent trials. In addition,
more potent antiplatelet agents, such as prasugrel and ticagrelor,
were widely used in recent trials. However, we still lack evidence
that longerand more potentantiplatelet treatment has an interaction
with the performance any specific stent type. In addition, sensitivity
analyses excluding studies with specific enrollment criteria or manda-
tory angiographic follow-up also showed consistent results. Thirdly,
many different types of BMS were regarded as a single domain of com-
parator in this meta-analysis. Fourthly, each study had different dura-
tions of clinical follow-up. For this reason, we performed separate
analyses with outcomes within 1 year, and with longer-term follow-
up. In addition, we reported the risk of ST in detail according to the
classification relative to the onset timing. Fifthly, newer-generation
DESs such as ZES-R, and PtCr-EES had restricted sample size, limiting
full appreciation of their relative efficacy and safety.

Conclusion

All existing DESs reduced the risk of repeat revascularization com-
pared with BMS, and all but PES reduced the risk of MI. SES,
PtCr-EES, BP-BES, and CoCr-EES significantly reduced the risk of

definite or probable ST up to 1 year compared with BMS. While
PtCr-EES compared with BMS reduced the risk of early ST only,
SES was superior within 1 year butinferior after 1 yearto BMS regard-
ingthe risk of ST. In contrast, CoCr-EES reduced or tended to reduce
the risk of ST, regardless of time after DES implantation, showing the
lowest risk of ST of all stents. Our results suggest that not only the
biodegradability of polymer, but the optimal combination of stent
alloy, design, strut thickness, polymer, and drug all combined deter-
mine the safety of DES.
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