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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 worstamongall 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.*~%° 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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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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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 pm
thick. In comparison, CoCr-EES has thinner strut thickness of
81 m, and a polymer coating as thin as 7.8 wm. 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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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."**? 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.

Supplementary material

Supplementary Material is available at European Heart Journal online.
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