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Aims: Several studies have suggested good procedural and similar clinical outcomes between everolimus-elut-
o Absorb BRS ing Absorb bioresorbable stents (BRS) versus conventional drug-eluting stents (DES), but the evidence is not
* bioresorbable
vascular stents

e drug-eluting stents

definitive. Our aim was to perform a systematic review and meta-analysis to investigate the effects of BRS ver-
sus conventional drug-eluting and bare metallic stents on the cardiovascular endpoints and all-cause mortality.

Methods and results: The follow-up in the included studies was up to 13 months. The following endpoints
were evaluated: all-cause mortality, cardiac death, patient-oriented major adverse cardiac events (POCE),
device-oriented major adverse cardiac events (DOCE), any-cause myocardial infarction (MI), target vessel
MI (TVMI), target vessel revascularisation (TVR) and target lesion revascularisation (TLR). The results of
10 studies with 5,773 subjects showed a statistically significant increase in the risk of TVMI between BRS
and conventional stents (odds ratio [OR]: 1.45, 95% confidence interval [CI]: 1.03-2.05, p=0.032). None
of the other differences reached statistical significance: all-cause mortality (OR: 0.67, 95% CI: 0.30-1.49,
p=0.333), cardiac death (OR: 1.00, 95% CI: 0.47-2.12, p=0.996), POCE (OR: 0.91, 95% CI: 0.68-1.22,
p=0.546), DOCE (OR: 1.12, 95% CI: 0.86-1.46, p=0.387), any-cause MI (OR: 1.34, 95% CI: 0.98-1.82,
p=0.064), TVR (OR: 0.99, 95% CI: 0.73-1.33, p=0.934) and TLR (OR: 0.92, 95% CI: 0.66-1.29, p=0.641).
Similar results were observed after restricting the meta-analysis to the comparison of BRS vs. EES.

Conclusions: Our meta-analysis suggests a significantly higher risk of TVMI with BRS compared with
conventional stents and no significant differences in the rates of occurrence of the other outcomes during

one-year follow-up. Further studies with larger samples sizes, longer follow-up, different clinical scenarios

and more complex lesions are required to confirm or refute our findings.
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Abbreviations

BMI  body mass index

BRS  bioresorbable stents

BVS  bioresorbable vascular scaffold

DES  drug-eluting stents

DOCE device-oriented major adverse cardiac events

EAPCI European Association of Percutaneous Coronary
Interventions

EES  everolimus-eluting stent

ESC  European Society of Cardiology

Mi myocardial infarction

MRI  magnetic resonance imaging

OCT  optical coherence tomography

POCE patient-oriented major adverse cardiac events

STEMI ST-elevation myocardial infarction

TLR  target lesion revascularisation

TVMI target vessel myocardial infarction

TVR  target vessel revascularisation

Introduction

In the last few dozen years, significant innovations' have been
introduced in the stent technology used in percutaneous coro-
nary intervention (PCI)!, starting with bare metal stents (BMS),
followed by metallic drug-eluting stents (DES) and culminating
with the appearance of the Absorb (Abbott Vascular, Santa Clara,
CA, USA) bioresorbable vascular scaffold (BVS), considered as
the fourth revolution in interventional cardiology*®. The indus-
try of medical devices followed two strategies in BVS develop-
ment, one based on magnesium-based scaffolds, and the other on
backbones composed of lactic acid polymers?*. Although no BVS
has yet been authorised in the USA, two lactic-acid polymer
devices, the everolimus-eluting Absorb stent and the novolimus-
eluting DESolve® stent (Elixir Medical Corporation, Sunnyvale,
CA, USA), have received approval in Europe’. Recently, the
European Society of Cardiology (ESC)/European Association of
Percutaneous Coronary Interventions (EAPCI) task force on the
evaluation of coronary stents in Europe® agreed that bioresorb-
able stents (BRS) is a more suitable term for BVS, since a scaf-
fold might indicate a need for a temporary arterial support’. Since
their availability on the European market in November 2011, an
impressive evolution towards more than 60,000 implanted BRS
had the purpose of addressing the most significant pathophysio-
logical complications observed in previous metallic DES, such
as limitation of vascular function, long-term flow disturbance,
a chronic inflammatory state, the risk of neo-intimalisation or
late and very late stent thrombosis®. BRS disappear in two to four
years after implantation (usually about two years), to restore the
normal structure and physiology of the vessels, to support com-
plete vascular healing, to restore shear stress, to reduce throm-
botic propensity and the optimal duration of dual antiplatelet
therapy, and even to improve the usefulness of coronary imag-
ing using multislice computed tomography (CT) and magnetic
resonance imaging (MRI) without artefacts®>. Moreover, BRS are

currently being evaluated as a new solution for acute coronary
syndromes with ST-elevation myocardial infarction (STEMI)*'?,
advanced peripheral artery disease'!, or coronary ostial lesions'?
due to their demonstrated ability to permit recovery of the nor-
mal geometry of arteries'.

BRS might provide attractive physiologic advancements over
the existing drug-eluting or metallic stents, but the evidence
is still not definitive. Consequently, we performed a systematic
review and meta-analysis to investigate the effects of BRS ver-
sus drug-eluting and metallic stents on at least one clinical end-
point including all-cause mortality, cardiac death, patient-oriented
major adverse cardiac events (POCE; including death, non-fatal
vessel-related myocardial infarction [MI] and target lesion revas-
cularisation [TLR]), device-oriented major adverse cardiac events
(DOCE; including death, non-fatal vessel-related MI, TLR), any-
cause MI, target vessel MI (TVMI), target vessel revascularisation
(TVR) and TLR.

Methods

SEARCH STRATEGY

The study was designed according to the guidelines of the 2009
preferred reporting items for systematic reviews and meta-analysis
(PRISMA) statement'®. PubMed/Medline, SCOPUS, and Google
Scholar databases were searched using the following search terms
in titles and abstracts: Bioresorbable Vascular Scaffold OR BVS
OR' Bioresorbable Stents OR BRS OR Bioresorbable Scaffold
OR ABSORB AND drug-eluting stents (DES) OR everolimus OR
Everolimus-Eluting Stents OR everolimus-eluting OR everolimus-
eluting stents OR Zotarolimus OR Biolimus OR Biolimus-Eluting
OR Biolimus-Eluting Stents. Additional searches for potential tri-
als included the references of review BRS articles, and the fol-
lowing congresses: scientific sessions of the European Society
of Cardiology (ESC), the American Heart Association (AHA),
the American College of Cardiology (ACC), EuroPCR, and
Transcatheter Cardiovascular Therapeutics (TCT). The wild-card
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term was used to increase the sensitivity of the search strategy.
The search was limited to articles published in the English language.
Two reviewers (M.C. Serban and A. Sahebkar) examined every arti-
cle separately to minimise the possibility of duplication, investigat-
ing reviews, case studies and experimental studies. Disagreements
were managed by discussion with a third party (M. Banach). The

literature was searched from inception to 15 October 2015.

STUDY SELECTION
The following criteria were used to identify eligible studies: (i)
investigating the effects of bioresorbable stents versus drug-elut-
ing stents or bare metallic stents, (ii) providing information on at
least one clinical endpoint including all-cause mortality, cardiac
death, POCE, DOCE, any-cause MI, TVMI, TVR and TLR.
Exclusion criteria were: (i) experimental studies, (ii) uncon-
trolled single-arm studies, and (iii) lack of assessment of clini-
cal outcomes. Single-arm studies with comparator control arms

from other studies were only included if matching was performed
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between the stent groups from different studies. In this latter case,
the possibility of common treatment arms among the included stud-
ies was assessed first to rule out double counting of individuals.

DATA EXTRACTION

Eligible studies were reviewed and the following data were
abstracted: 1) first author’s name; 2) year of publication; 3) coun-
try where the study was performed; 4) study design; 5) number of
participants in the study groups; 6) type of stent; 7) duration of
follow-up; 8) underlying disease; 9) age, gender and body mass
index (BMI) of study participants; and 10) incidence of clinical

outcomes.

Quality assessment

A systematic assessment of bias in the included studies was per-
formed using the Cochrane criteria's. The items used for the
assessment of each study were as follows: adequacy of sequence
generation, allocation concealment, blinding, addressing of drop-
outs (incomplete outcome data), selective outcome reporting, and
other potential sources of bias. According to the recommendations
of the Cochrane Handbook, a judgement of “yes” indicated a low
risk of bias, while “no” indicated a high risk of bias. Labelling an

item as “unclear” indicated an unclear or unknown risk of bias.

Quantitative data synthesis

This meta-analysis was conducted using Comprehensive Meta-
Analysis (CMA) V2 software (Biostat, Englewood, NJ, USA)'S.
Odds ratios (ORs) of clinical outcomes and 95% confidence inter-
vals (without zero cell correction) were calculated as summary
statistics and displayed as forest plots. Heterogeneity was quanti-
tatively assessed using the I? index, which describes the percent-
age of total variation across studies that is due to heterogeneity
rather than chance. Meta-analysis was performed using a random-
effects (DerSimonian-Laird method) model. Due to the relatively
small number of events in some of the studies and low indica-
tors of heterogeneity, as a supporting analysis we also employed
the fixed-effect Mantel-Haenszel method. In order to evaluate the
influence of each study on the overall effect size, sensitivity analy-
ses were conducted using the one-study remove approach. A nom-
inal level of 0.05 was used to declare statistical significance; given
nine outcomes considered, the Bonferroni-corrected level of sig-
nificance would be 0.0056.

Results

The initial screening for possible interpretation eliminated the arti-
cles whose titles and/or abstracts were clearly insignificant. After
evaluation, 10 studies met the inclusion criteria and were chosen
for the final meta-analysis: eight had two treatment arms com-
paring an everolimus-eluting bioresorbable scaffold (Absorb) vs.
an everolimus-eluting stent (EES) (XIENCE; Abbott Vascular),
one study had three arms — an everolimus-eluting bioresorba-
ble scaffold (Absorb) vs. an everolimus-eluting stent (XIENCE)
vs. a biolimus-eluting stent (Biosensors Europe SA, Morges,

Switzerland), and another study had three arms — an everolimus-
eluting bioresorbable scaffold (Absorb) vs. an everolimus-elut-
ing stent (XIENCE) vs. a bare metal stent (BMS) (MULTI-LINK
VISION®; Abbott Vascular)'”?. A study flow chart is presented in
Figure 1.

cropwnasl | Published studies identified
LANG through databases search
(n=518)

y

| Records screened (n=109) | | | Records excluded (n=409)
Articles excluded (n=6)

Eligibil Full text articles assessed

for E|Iglbl|lty (n=16) Reasons:

v — Lack of direct comparison
between BRS and DES/BMS

m Studies included (n=4)
in the systematic review — Non-original study (rationale
and meta-analysis (n=10) and design) (n=2)

Figure 1. Flow chart of the number of studies identified and included
in the meta-analysis.

Characteristics of included studies

Ten studies with a total population of 5,773 subjects were included,
of whom 3,000 were assigned to the BRS group, 2,483 to the
drug-eluting stent group, and 290 to the bare metal stent group.
The number of participants in these trials ranged from 184 to
2,008. Studies were published between 2014 and 2015, and were
conducted in Italy, USA, China, Switzerland, United Kingdom,
Netherlands, France and Japan. Duration of follow-up ranged from
six to 13 months. Demographic and baseline parameters of the
included studies are shown in Table 1.

Risk of bias assessment

Details of the quality of bias assessment are shown in Table 2.

Effect of BRS versus conventional stents on
clinical outcomes

Overall, the impact of BRS versus conventional stents on all-cause
mortality, cardiac death, POCE, DOCE, any-cause MI, TVMI,
TVR and TLR were reported by 9, 9, 6, 7, 7, 7, 7 and 9 studies,
respectively. The difference between BRS and non-BRS (includ-
ing DES and BMS) stents in all-cause mortality was not statisti-
cally significant (odds ratio [OR]: 0.67, 95% confidence interval
[CI]: 0.3-1.49, p=0.333) and the I* of 11.5% suggested little con-
cern about the heterogeneity of individual study results (Figure 2).
The results for cardiac death were also non-significant (OR: 1.00,
95% CI: 0.47-2.12, p=0.996; 1>: 0%) (Figure 3). For any-cause
MI the numerically large point estimate also did not reach statisti-
cal significance. We observed a significantly higher frequency of
TVMI with BRS (OR: 1.45, 95% CI: 1.03-2.05, p=0.032; I*: 0%)
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Table 1. Demographic characteristics of the included studies.

Cortese et al"”

multicentre clinical
trial

ABSORB EXTEND, and
SPIRIT FIRST and II-IV
trials)

(RBSORB Costonoulos Puricel et al Serruys et al Brugaletta et al Kimura et al Ellis et al Gao et al
Prospective ot _M__; (EVERBIO Il trial)® (ABSORB I1 Gorietal”” |(BVS-EXAMINATION| (ABSORB Japan | Muramatsu et al* (ABSORB 11l trial)® (ABSORB
Registry trial)® Study)? trial)® China trial)®
- BVS-RAI)
Year 2015 2014 2014 2014 2013 2015 2015 2014 2015 2015
Location Italy Iltaly Switzerland UK Germany Czech Republic Japan The Netherlands/Japan| USA China
Study design Prospective Prospective study |Single-centre, Prospective, Prospective Retrospective Single-blind, Pooled analysis of Multicentre, Prospective,
controlled study  |with propensity assessor-blinded randomised, controlled study | propensity score multicentre, prospective, single-blind, randomised,
based on ongoing |score matching randomised study active-controlled, matching analysis of |active-controlled, |multicentre, active-treatment, active control,
multicentre registry single-blind, randomised randomised trial  |single-arm studies randomised controlled |open-label,
parallel two-group, controlled trial (ABSORB cohort B, clinical trial multicentre study

vs.
BES: BIOMATRIX FLEX
biolimus-eluting stent
(Biosensors Europe SA,
Morges, Switzerland)

BMS: bare metal
stent (Multilink
Vision; Abbott
Vascular)

Inclusion criteria Consecutive All patients treated |Patients 18 years of  |Patients aged 150 consecutive | Consecutive STEMI | Patients >20 years |Patients older than 18 |Patients 18 years of  |Patients with 1 or
patients with with BRS ABSORB | age or older, capable of | 18-85 years with | patients (unstable |patients of age and had years of age who have |age or older with 2 de novo native
STEMI with during said period |providing informed evidence of angina 16%, evidence of 1 or 2 de novo lesions | myocardial coronary artery
symptoms onset | of time and all consent, with myocardial NSTEMI 40%, myocardial located in a different |ischaemia who were |lesions were
<24 hours who patients treated | symptomatic coronary |ischaemia and one |STEMI 44%), who ischaemia (stable |major epicardial undergoing randomised in
underwent PPCI with EES during | artery disease or silent |or two de novo received at least angina, unstable  |vessel. Target lesions |percutaneous 1:1 ratio
with Absorb-BRS or | said period of time |ischaemia native lesionsin  |one BRS for the angina, or silent  [must have a visually |coronary intervention |stratified by
EES implantation different epicardial |treatment of a ischaemia) estimated stenosis of |(PCI) foroneortwo  |diabetes and the
vessels culprit lesion in the undergoing >50% and TIMI flow |new native coronary  {number of
setting of an acute coronary stent grade of >1 (with and |artery lesions in lesions treated
coronary syndrome implantation without diabetes) separate
epicardial coronary
vessels
Stents compared BRS vs. EES BRS vs. EES BRS vs. EES and BES  |BRS vs. EES BRS vs. EES BRS vs. EES and BMS |BRS vs. EES BRS vs. EES BRS vs. EES BRS vs. EES
Types of stent ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS ABSORB BRS
everolimus-eluting |everolimus-eluting |everolimus-eluting everolimus-eluting |everolimus-eluting |everolimus-eluting  |everolimus-eluting |everolimus-eluting  |everolimus-eluting  [everolimus-
bioresorbable bioresorbable bioresorbable vascular |bioresorbable bioresorbable bioresorbable bioresorbable bioresorbable vascular bioresorbable vascular |eluting
vascular scaffold |vascular scaffold |scaffold (Abbott vascular scaffold |vascular scaffold |vascular scaffold vascular scaffold | scaffold (Abbott scaffold (Abbott bioresorbable
(Abbott Vascular) | (Abbott Vascular) | Vascular) (Abbott Vascular) |(Abbott Vascular) | (Abbott Vascular) (Abbott Vascular) |Vascular) Vascular) vascular scaffold
VS. VS. Vs. VS. VS. VS. VS. VS. VS. (Abbott Vascular)
EES: cobalt- EES: XIENCE EES: PROMUS Element |EES: XIENCE EES: XIENCE EES: XIENCE EES: cobalt- EES: XIENCE EES: cobalt-chromium |vs.
chromium (Co-Cr) |PRIME™, metal |platinum-chromium  |everolimus-eluting [PRIME™ metal everolimus-eluting ~ |chromium everolimus-eluting everolimus-eluting EES:
everolimus-eluting |everolimus-eluting |everolimus-eluting metallic stent everolimus-eluting |stent (Abbott everolimus-eluting | metallic stent (Abbott |stents (XIENCE; Abbott |cobalt-chromium
stent (XIENCE; stents (Abbott stent (Boston Scientific, | (Abbott Vascular, |stents (Abbott Vascular, Santa stents (XIENCE; Vascular, Santa Clara, |Vascular, Santa Clara, |everolimus-
Abbott Vascular,  |Vascular, Santa Marlborough, Santa Clara, Vascular, Santa Clara, Abbott Vascular,  |CA, USA) CA, USA) eluting stents
CA, USA) Clara, CA, USA) MA, USA) CA, USA) Clara, CA, USA) CA, USA) Santa Clara, CA, (XIENCE; Abbott
VS USA) Vascular, Santa

Clara, CA, USA)
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Table 1. Demographic characteristics of the included studies. (cont’d)

Cortese et al'’

(RBSORB Costonoulos Puricel et al Serruys et al Brugaletta et al Kimura et al Ellis et al Gao et al
Prospective ot _“_; (EVERBIO Il trial)® (ABSORB II Gorietal”” |(BVS-EXAMINATION| (ABSORB Japan | Muramatsu et al* (ABSORB 1l trial)® (ABSORB
Registry trial)® Study)? trial)® China trial)®
- BVS-RAI)
Duration of study median of 220 days 6 months 9 months 1 year 6 months 1 year 1 year 1 year 1year 1 year
(interquartile range
178 t0 369)
Participants BRS group 122 92 80 335 150 290 266 102 1,322 241
EES group 441 92 80 166 103 290 134 172 686 239
BES group - - 80 - - - - - - -
BMS group - - - - - 290 - - - -
Age (years) BRS group 54 (48-60)* 64.2+11.8¢ 65+11¢ 61.5(10.0)* 61.7+12.5¢ 56.01£12.75¢ 67.1£9.4¢% 62.2+9.8° 63.5+10.6° 57.2+11.4¢%
EES/BES 61 (53-68)* 62.5+9.9% 65+11° 60.9 (10.0)* 62.0+£10.9° 57.57+12.01% 67.3+9.6° 62.2+9.7¢ 63.6+10.3¢ 57.6+9.6
group
Male (%) BRS group 74.6* 82 (89.1)* 61 (78)* 76 110 (73)* 236 (81.4) 78.9¢ 71.6* 934 (70.7)* 71.8¢
EES/BES 78.7* 78 (84.8)* 128 (80)* 80 72 (70)¢ 231 (719.7) 73.9¢ 66.9* 481 (70.1)* 72.6
group
BMI (kg/m?) BRS group NS NS NS 27.9 (4.1)* NS NS 24+3 NS 30.6+6.2% 25.2+3.4%
EES/BES NS NS NS 28.1(3.7)* NS NS 24.3+3 NS 30.5+6.3° 25.3+3.2¢
group
Incidence of BRS group 0.8 0 1(1) 0 2(1.4)[1(0.7)/2 NS 2(0.8)* 0.0 (0.0-3.6)¢ 1L 0.0
all-cause (1.4)"]
_. OO
mortalty (%) | ero/pes 20 202" 30) 1D 3291 (1)3 NS 0(0.0)* 1.2 (0.1-4.1) 0.6° 2.1°
group (2.9)%]
Incidence of BRS group 41 8(8.7) IO 15 (4) 6 (4.0) NS 9(34)* 2.9 (0.6-8.4) 6.9 ZAd
any-cause [8 (8.7)/0 (0.0)*2] [3(2.1) /6 (4.0)*"] (3.1/3.7)¢
myocardial . . . : . .
infarction (%) | EES/BES 20 8(8.7) 1) 2() 4(3.9) NS 3(23) 29(1.0-67) 56 L7
group [8 (8.7)/0 (0.0)*2] [1(1)/4 (3.9)"] (3.2/2.4)
Incidence of BRS group 0 0 (D 0 NS 6(2.1)[5(1.7)/6 0(0.0)* 0.0 (0.0-3.6)* 0.6* 0.0
(2.1)*]
EES/BES 1.6 1(L1)* 0(0)* 0 NS 6(2.1)[4(1.4)/6 0(0.0)* 1.2(0.1-4.1)% 0.1% B3
group (2.1)%]
Incidence of BRS group 41 NS 9(12)* NS NS 12 (4.1)[9(3.1) /12 NS 3.9(1.1-9.7) 1.54# 3.4¢
DOCE (%) (4.1)%]
EES/BES 5.9 NS 15 (9) NS NS 12 (4.1)[7 (2.4) 112 NS 6.4(3.2-11.2) 0.83" 4.2
group (4.1)*]




Table 1. Demographic characteristics of the included studies. (cont’d)

Cortese et al"”

(RBSORB Costonoulos Puricel et al Serruys et al Brugaletta et al Kimura et al Ellis et al Gao et al
Prospective ot _M__; (EVERBIO Il trial)® (ABSORB I1 Gorietal”” |(BVS-EXAMINATION| (ABSORB Japan | Muramatsu et al* (ABSORB 11l trial)® (ABSORB
Registry trial)® Study)? trial)® China trial)®
- BVS-RAI)
Incidence of POCE |BRS group 49 NS 21 (27) NS NS NS 26 (9.8)" 7.8 (3.5-14.9) 18.3" 8.0
(%)
EES/BES 13 NS 41 (26)* NS NS NS 11 (8.3)¢ 11.0 (6.8-16.7) 18.6 QN7
group
Incidence of TLR  [BRS group 4.1 3(3.3)* 8 (10)* 4(1)7 NS 5(1.7)[3(1.0) /5 7(2.6) 2.0(0.2-6.9) 3% 2.9¢
(%) (1.7)]
EES/BES 45 5 (5.4)* 15 (9) 3 @) NS 4(1.4)[2(0.7) /4 5(3.8)¢ 4.1(1.7-8.2) 5% 3.0
group (1.4)*]
Incidence of BRS group 41 NS 0(0y* NS NS 6(2.1)[4(1.4)/6 9 (3.4) 2.9(0.6-8.4)% 6" L7
target vessel MI (2.1)*]
(%)
EES/BES 1.8 NS 0(0) NS NS 4(1.4)[2(0.7) /4 3(2.3) 2.9 (1.0-6.7) 4.6 0.8*
group (L4)¢e]
Incidence of TVR  |BRS group 41 3(3.3)* 11 (14) 8 (2) NS NS 13 (4.9)% NS B 3.8f
(%)
EES/BES 5.2 6 (6.5)* 22 (14)* 8 (5) NS NS 6 (4.5 NS BV 5.1
group
Values are n (%), mean=SD, or median (interquartile range). *the values were provided as median and interquartile range or just median. ® the values were provided as mean=SD. # the values were provided as numbers (percentage). * matched population - the
values were provided as percentage and 95% confidence interval. # periprocedural Mi/follow-up MI. ® in-hospital/one-month death/non-fatal MI. ¢ clinical outcomes at 30 days/1 year. ¢ any myocardial infarction during procedure/not during procedure.
BES: biolimus-eluting stent; BMI: body mass index; BMS: bare metal stent; BRS: bioresorbable stent; DOCE: device-oriented major adverse cardiac events; EES: everolimus-eluting stent; MI: myocardial infarction; NS: not stated; NSTEMI: non-ST-
elevation myocardial infarction; POCE: patient-oriented major adverse cardiac events; PPCI: primary percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target
lesion revascularisation; TVMI: target vessel myocardial infarction; TVR: target vessel revascularisation

W Eurolntervention 2016;12:2175-2189
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FCFI
o
All-cause mortality — Study name Statistics for each study 0Odds ratio and 95% Cl g
RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value 2
Puricel et al, 2015 0.680 0.070 6.642 -0.332  0.740 —— =
Serruys et al, 2014 0.164 0.007 4.058 -1.104  0.270 L E
Gao et al, 2015 0.089 0.005 1.612 -1.637  0.102 L S
Ellis et al, 2015 2.596 0.749 8.999 1504 0133 —— o
0.603 0.118 3.089 -0607 0544 ’ 5
0.01 0.1 1 10 100 )
Favours BVS Favours non-BVS a
All-cause mortality — Study name Statistics for each study 0dds ratio and 95% CI %
non-RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value @
Muramatsu et al, 2014  0.333 0.016 6.998 —0.708 0.479 L
Cortese et al, 2015 0.397 0.050 3.162 -0.873  0.383 L
Costopoulos et al, 2015 0.196 0.009 4132 -1.048 0.295 L
Gori et al, 2013 0.473 0.078 2.882 0812 0417 L
Kimura et al, 2015 2.553 0.122 53.550 0.603  0.546 i
0.478 0.163 1.403 —-1.344 0.179 " ‘
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
All-cause mortality — Study name Statistics for each study Odds ratio and 95% CI
RCTs+non-RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value
Muramatsu et al, 2014  0.333 0.016 6.998 -0.708 0479
Cortese et al, 2015 0.397 0.050 3.162 -0873  0.383 u
Costopoulos et al, 2015 0.196 0.009 4132 -1.048 0.295 =
Puricel et al, 2015 0.680 0.070 6.642 -0.332  0.740 =
Serruys et al, 2014 0.164 0.007 4,058 -1.104 0.270 =
Gori et al, 2013 0.473 0.078 2.882 0812 0417 |
Kimura et al, 2015 2.553 0.122 53.550 0.603  0.546 =
Gao et al, 2015 0.089 0.005 1612 -1.637  0.102 =
Ellis et al, 2015 2.596 0.749 8.999 1.504  0.133 ——
0.675 0.305 1494 0969 0333 <>
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 2. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (CIs) for all-cause mortality in patients treated with
bioresorbable vascular stent versus conventional stents.

(Figure 4). This translated into a numerically higher risk of any-  p=0.049). All other results were non-significant: POCE (OR: 0.91,
cause MI, which did not reach statistical significance in the primary ~ 95% CI: 0.68-1.22, p=0.546; I>: 0%) (Figure 6), DOCE (OR: 1.12,
random-effects model (OR: 1.34, 95% CI: 0.98-1.82, p=0.064; I>:  95% CI: 0.86-1.46, p=0.387; I%: 0%) (Figure 7), TVR (OR: 0.99,
0%) (Figure 5) but became statistically significant when analysed ~ 95% CI: 0.73-1.33, p=0.934; 12: 0%) (Figure 8), and TLR (OR:
using the Mantel-Haenszel method (OR 1.36, 95% CI: 1.00-1.85,  0.92, 95% CI: 0.66-1.29, p=0.641; 1>: 0%) (Figure 9).

Table 2. Assessment of risk of bias in the included studies using Cochrane criteria.

. Blinding of Blinding of Selective | Other potential
Sequence Allocation . . Incomplete
q participants outcome outcome threats to
generation concealment outcome data g 0
and personnel | assessment reporting validity

Cortese et al 17 H H H L L L L
Costopoulos et al 18 H H H L L L L
Puricel et al 19 L L L L L L L
Serruys et al 20 L L L L L L L
Gori et al 21 H H H L L L L
Brugaletta et al 22 H H H L L L L
Kimura et al 23 L L L L L L L
Muramatsu et al 24 L L L L L L L
Ellis et al 25 L L L L L L L
Gao et al 26 L L L L L L L
H: high risk of bias; L: low risk of bias; U: unclear risk of bias
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Cardiac death — Study name Statistics for each study 0dds ratio and 95% ClI
RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value
Puricel et al. 2015 6.213 0.250 154.269 1.115  0.265 ‘ 0 |
Gaoet al. 2015 0.331 0.013 8.155 -0.677 0499 |
Ellis et al. 2015 4144 0.517 33.202 1.339 0.181 ‘ .
2.526 0.528 12.095 1.160  0.246 e
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
Cardiac death — Study name Statistics for each study 0dds ratio and 95% CI
non-RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value
Muramatsu et al. 2014 0.333 0.016 6.998 —0.708 0.479
Cortese et al. 2015 0.236 0.013 4.169 -0985 0325 -
Costopoulos et al. 2015 0.330 0.013 8.200 —0.677 0.499 -
Brugaletta et al. 2015 1.000 0.371 2.692 0.000  1.000 1—
0.742 0.313 1.758 -0.678  0.498
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
Cardiac death — Study name Statistics for each study 0dds ratio and 95% CI
RCTs+non-RCTs Odds ratio Lower limit Upper limit ~ Z-value  p-value
Muramatsu et al. 2014  0.333 0.016 6.998 -0.708 0479
Cortese et al. 2015 0.236 0.013 4.169 -0.985  0.325
Costopoulos et al. 2015 0.330 0.013 8.200 -0.677  0.499
Puricel et al. 2015 6.213 0.250 154.269 1.115 0.265
Brugaletta et al. 2015 1.000 0.371 2.692 0.000  1.000 —-
Gao et al. 2015 0.331 0.013 8.155 0677 0499
Ellis et al. 2015 4.144 0.517 33.202 1.339 0.181 L
0.998 0.471 2.116 -0.005  0.996
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 3. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for cardiac death in patients treated with bioresorbable

vascular stent versus conventional stents.

Results remained consistent when analysed with the Mantel-
Haenszel method (Table 3) and when restricting the meta-anal-
ysis to the comparison of BRS vs. EES, as shown in Table 4. In
the sensitivity analysis of the meta-analyses of “all-cause mortal-
ity” the effect reached statistical significance with the removal of

Table 3. Odds ratios of adverse outcomes comparing BRS vs. DES
or BMS, analysing investigated parameters with the fixed-effect
Mantel-Haenszel method.

Analysis Mantel-Haenszel method
All-cause mortality 0.71 0.39-1.29 0.262
Cardiac death 1.00 0.52-1.94 0.989
POCE 0.91 0.68-1.22 0.547
DOCE 1.12 0.87-1.46 0.377
All MI 1.36 1.00-1.85 0.049
TVMI 1.44 1.02-2.04 0.038
TVR 0.99 0.74-1.33 0.967
TLR 0.92 0.66-1.28 0.622
BRS: bioresorbable stent; EES: everolimus-eluting stent; DOCE:
device-oriented major adverse cardiac events; POCE: patient-oriented
major adverse cardiac events; TLR: target lesion revascularisation;
TVMI: target vessel myocardial infarction; TVR: target vessel
revascularisation

Table 4. Comparison of clinical outcomes between BRS and EES
stents only.

Outcome ‘ OR ‘ 95% ClI ‘ p-value
All-cause mortality 0.61 0.27-1.38 0.231
Cardiac death 0.95 0.42-2.15 0.910
POCE 0.85 0.63-1.15 0.291
DOCE 1.12 0.85-1.47 0.406
All MI 1.33 0.97-1.81 0.073
TLR 0.92 0.65-1.29 0.620
TVMI 1.43 1.01-2.03 0.042
TVR 0.95 0.70-1.29 0.749
BRS: bioresorbable stent; EES: everolimus-eluting stent; DOCE:
device-oriented major adverse cardiac events; POCE: patient-oriented
major adverse cardiac events; TLR: target lesion revascularisation;
TVMI: target vessel myocardial infarction; TVR: target vessel
revascularisation

the study by Ellis et al (2015)». For TVMI, the pooled estimate
was found to be sensitive to the studies by Cortese et al (2015),
Brugaletta et al (2015), and Ellis et al (2015). None of the results
remained statistically significant after applying the Bonferroni
correction for multiple testing. None of the results differed signifi-
cantly between randomised versus non-randomised subgroups of
studies (Figure 2-Figure 9).



TVMI -
RCTs

TVMI -
non-RCTs

TVMI -
RCTs+non-RCTs

Comparison of clinical outcomes between BVS and conventional stents

Study name Statistics for each study
Odds ratio Lower limit Upper limit  Z-value
Kimura et al. 2015 1.543 0.410 5.798 0.642
Gao et al. 2015 2009 0.364 11.072 0.801
Ellis et al. 2015 1.334 0.871 2.043 1.326
1.381 0.931 2.050 1.604

Study name Statistics for each study
Odds ratio Lower limit Upper limit  Z-value
Muramatsu et al. 2014  1.012 0.237 4327 0.016
Cortese et al. 2015 2.313 0.743 7.202 1.447
Brugaletta et al. 2015 1.729 0.576 5.194 0.976
1.706 0.852 3.415 1.508

Study name Statistics for each study

Odds ratio Lower limit Upper limit  Z-value

Muramatsu et al. 2014 1.012 0.237 4327 0.016
Cortese et al. 2015 2.313 0.743 7.202 1.447
Brugaletta et al. 2015 1.729 0.576 5.194 0.976
Kimura et al. 2015 1.543 0.410 5.798 0.642
Gao et al. 2015 2.009 0.364 11.072 0.801
Ellis et al. 2015 1.334 0.871 2.043 1.326
1.454 1.032 2.050 2.140

p-value
0.521
0.423
0.185
0.109

p-value
0.987
0.148
0.329
0.132

0dds ratio and 95% ClI

—_—

"

0.01 0.1 10 100
Favours BVS Favours non-BVS
0dds ratio and 95% CI
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
0dds ratio and 95% CI
4
P
- e
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 4. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for target vessel myocardial infarction in patients

treated with bioresorbable vascular stent versus conventional stents.

Any cause MI -
RCTs

Any cause Ml —
non-RCTs

Any cause Ml —
RCTs+non-RCTs

Study name Statistics for each study
Odds ratio Lower limit Upper limit  Z-value
Puricel et al. 2015 2.065 0.127 33.456 0.510
Serruys et al. 2014 3.844 0.869 17.010 1.774
Kimura et al. 2015 1.543 0.410 5.798 0.642
Gao et al. 2015 1.250 0.332 4713 0.330
Ellis et al. 2015 1.237 0.837 1.830 1.068
1.349 0.952 1.910 1.684

Study name Statistics for each study
Odds ratio Lower limit Upper limit  Z-value
Muramatsu et al. 2014  1.012 0.237 4.327 0.016
Cortese et al. 2015 2.051 0.675 6.238 1.266
Costopoulos et al. 2015 1.000 0.359 2.789 0.000
1.300 0.666 2.539 0.769

Study name Statistics for each study
Odds ratio Lower limit Upper limit  Z-value
Muramatsu et al. 2014  1.012 0.237 4.327 0.016
Cortese et al. 2015 2.051 0.675 6.238 1.266
Costopoulos et al. 2015 1.000 0.359 2.789 0.000
Puricel et al. 2015 2.065 0.127 33.456 0.510
Serruys et al. 2014 3.844 0.869 17.010 1.774
Kimura et al. 2015 1.543 0.410 5.798 0.642
Gaoet al. 2015 1.250 0.332 4713 0.330
Ellis et al. 2015 1.237 0.837 1.830 1.068
1.338 0.983 1.822 1.849

p-value
0.610
0.076
0.521
0.742
0.286
0.092

p-value

0.987

p-value
0.987

0dds ratio and 95% ClI

0.01 0.1 1 10 100
Favours BVS Favours non-BVS

0dds ratio and 95% ClI

0.01 0.1 1 10 100
Favours BVS Favours non-BVS

0Odds ratio and 95% CI

0.01 0.1 1

Favours BVS

10 100
Favours non-BVS

Figure 5. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for any myocardial infarction in patients treated with

bioresorbable vascular stent versus conventional stents.
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POCE — RCTs+non-RCTs

Study name

Puricel et al. 2015
Serruys et al. 2014
Kimura et al. 2015
Gao et al. 2015

Study name

Muramatsu et al. 2014  0.685

Cortese et al. 2015

Study name

Muramatsu et al. 2014 0.685

Cortese et al. 2015
Puricel et al. 2015
Serruys et al. 2014
Kimura et al. 2015
Gao et al. 2015

Statistics for each study

Odds ratio Lower limit Upper limit
1.069 0.579 1.975
0.777 0.396 1.524
1.232 0.587 2.585
0.807 0.427 1.525
0.944 0.678 1.314

Statistics for each study
Odds ratio Lower limit Upper limit
0.289 1.628
0.390 2.436
0.431 1.527

0.985
0.812

Statistics for each study

Odds ratio Lower limit Upper limit

0.289 1.628
0.985 0.390 2.486
1.069 0.579 1.975
0.777 0.396 1.524
1.232 0.587 2.585
0.807 0.427 1.525
0.914 0.682 1.225

Z-value
0.214

Z-value
—0.856
—0.032
—0.647

Z-value

0dds ratio and 95% ClI

0.01 0.1 1

Favours BVS

10
Favours non-BVS

100
0dds ratio and 95% ClI

¥

0.1 1
Favours BVS

p-value
0.392
0.975
0.517

0.01 10

Favours non-BVS

0dds ratio and 95% ClI

100

0.01 0.1 1

Favours BVS

10
Favours non-BVS

100

Figure 6. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for patient-oriented major adverse cardiac events in

patients treated with bioresorbable vascular stent versus conventional stents.

DOCE -
RCTs

DOCE -
non-RCTs

DOCE -
RCTs+non-RCTs

Study name

Puricel et al. 2015
Serruys et al. 2014
Gao et al. 2015
Ellis et al. 2015

Study name

Muramatsu et al. 2014  0.597

Cortese et al. 2015
Brugaletta et al. 2015

Study name

Muramatsu et al. 2014 0.597

Cortese et al. 2015
Puricel et al. 2015
Serruys et al. 2014
Brugaletta et al. 2015
Gao et al. 2015

Ellis et al. 2015

Statistics for each study

Odds ratio Lower limit Upper limit
1.261 0.526 3.024
1.615 0.581 4.487
0.790 0.306 2.037
1.307 0.898 1.901
1.257 0.923 1.712

Statistics for each study
Odds ratio Lower limit Upper limit

0.185 1.928
1.066 0.385 2.950
0.820 0.412 1.632
0.825 0.494 1.377

Statistics for each study

Odds ratio Lower limit Upper limit

0.185 1.928
1.066 0.385 2.950
1.261 0.526 3.024
1.615 0.581 4.487
0.820 0.412 1.632
0.790 0.306 2.037
1.307 0.898 1.901
1.124 0.863 1.464

Z-value
0.519

Z-value
—0.862

0.123
—0.565
—0.736

Z-value
—0.862
0.123
0.519
0.919
—0.565
—0.489
1.398
0.865

0dds ratio and 95% CI
p-value
0.603
0.358
0.625
0.162
0.146
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
0dds ratio and 95% CI
p-value
0.389
0.902
0.572
0.462
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
0dds ratio and 95% CI
p-value
0.389 —a
0.902 ——
0.603
0.358
0.572
0.625
0.162
0.387
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 7. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for device-oriented major adverse cardiac events in

patients treated with bioresorbable vascular stent versus conventional stents.
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TVR — RCTs Study name Statistics for each study 0dds ratio and 95% CI
Odds ratio Lower limit Upper limit  Z-value  p-value
Puricel et al, 2015 1.030 0.472 2.247 0.074 0.941
Serruys et al, 2014 0.483 0.178 1.311 -1.428 0.153
Kimura et al, 2015 1.097 0.407 2.957 0.183 0.855
Gao et al, 2015 0.737 0.305 1.783 —0.677 0.498
Ellis et al, 2015 1.380 0.863 2.208 1.344 0.179
1.036 0.737 1.458 0.205 0.838
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
TVR — non-RCTs Study name Statistics for each study 0dds ratio and 95% ClI
Odds ratio Lower limit Upper limit  Z-value  p-value
Cortese et al, 2015 0.777 0.289 2.087 —0.501 0.616
Costopoulos et al, 2015 0.483 0.117 1.993 -1.006 0.314
0.665 0.296 1.496 —0.987 0.324
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
TVR — RCTs+non-RCTs Study name Statistics for each study 0dds ratio and 95% CI
Odds ratio Lower limit Upper limit ~ Z-value  p-value
Cortese et al, 2015 0.777 0.289 2.087 —0.501 0.616
Costopoulos et al, 2015 0.483 0.117 1.993 -1.006 0.314
Puricel et al, 2015 1.030 0.472 2.247 0.074 0941
Serruys et al, 2014 0.483 0.178 1311 —1.428 0.153
Kimura et al, 2015 1.097 0.407 2.957 0.183 0.855
Gao et al, 2015 0.737 0.305 1.783 —0.677 0.498
Ellis et al, 2015 1.380 0.863 2.208 1.344 0.179
0.987 0.730 1.335 —0.083 0.934
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 8. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for target vessel revascularisation in patients treated

with bioresorbable vascular stent versus conventional stents.

Discussion

To our knowledge, the current systematic review and meta-anal-
ysis is the largest analysis from available studies on the impact
of BRS versus DES/BMS on all-cause mortality and cardiovascu-
lar outcomes. Our study identified a potential signal of increased
risk of TVMI and all MI with BRS versus conventional stents. We
observed no significant differences in the risk of all-cause mortal-
ity, cardiac death, POCE, DOCE, TVR, and TLR. These results are
similar to those seen in real-world PCI registries comprising vari-
ous complex lesions, where the patients treated with BRS had sim-
ilar one-year clinical outcomes and procedural success compared
to those treated with DES stents*’. Since recent registry data indi-
cated some signals of scaffold thrombosis after BRS implantation,
a recent trial tested this supposition, but no correlation between
the total surface area of the implanted BRS and the levels of on-
treatment platelet reactivity was observed (r=-0.10, p=0.16)*. Our
meta-analysis essentially differs from the one recently published
by Cassese et al’. In order to evaluate the largest group of patients
with BRS, we did not limit our literature search to RCTs, but also
included prospective studies and RCT sub-analyses, and conse-
quently we included 10 studies (with six in the Cassese et al meta-
analysis®’) with a total of 5,773 subjects (there were 3,738 patients
in their analysis®). Our inclusion criteria also did not allow includ-
ing the TROFTI II study®, which was included in the Cassese et al
meta-analysis®, mainly due to the fact that it was not designed
to assess any clinical outcomes (and consequently the number

of observed events was very low — between 0 for death and two
for TLR)**. Finally, the authors did not evaluate an important
outcome - currently widely discussed — namely TVMI, which in
our meta-analysis was significantly higher for BRS in compari-
son to conventional stents. Also, they did not discuss the numeri-
cally higher prevalence of any-cause MI in BRS patients (5.2%
vs. 3.5%) with a trend to statistical significance (p=0.06)*. These
important differences mean that our meta-analysis represents the
largest patient population analysed and is likely to remain the best
evidence base for assessment of everolimus-eluting BRS versus
conventional ones.

Of importance, BRS might provide intrinsically less kinetic
support than metallic DES, especially after six to 12 months after
implantation when the radial strength is diminished as a conse-
quence of resorption kinetics®!. This is one of the mechanisms
that might be responsible for the numerically higher risk of any-
cause MI with BRS versus DES/BMS implantation (p=0.064;
and significant in Mantel-Haenszel method analysis: p=0.049),
and the significant increase of TVMI noticed in this meta-anal-
ysis; however, these results still merit further investigation in tri-
als with longer follow-up. Furthermore, BRS might entrap more
thrombotic content between the vessel and the scaffold, because
of the larger wall surface coverage and the greater strut thickness
than the current thin-strut DES. These results can also be cor-
related with a greater incidence of stent thrombosis in the BRS
arm reported by some studies®. Karanasos et al*? also suggested
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TLR — RCTs Study name Statistics for each study 0dds ratio and 95% ClI
Odds ratio Lower limit Upper limit  Z-value  p-value
Puricel et al. 2015 1.105 0.447 2.729 0.216 0.829
Serruys et al. 2014 0.657 0.145 2.968 —0.547 0.585
Kimura et al. 2015 0.686 0.213 2.205 —0.632 0.527
Gao et al. 2015 0.996 0.344 2.884 —0.008 0.994
Ellis et al. 2015 1.220 0.686 2.168 0.677 0.498
1.042 0.699 1.551 0.201 0.841
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
TLR — non-RCTs Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit Upper limit  Z-value  p-value
Muramatsu et al. 2014  0.471 0.096 2.314 —0.926 0.354
Cortese et al. 2015 0.900 0.331 2.448 —0.207 0.836
Costopoulos et al. 2015 0.587 0.136 2.529 —-0.716 0.474
Brugaletta et al. 2015  0.709 0.253 1.989 —0.653 0.514
0.706 0.388 1.283 -1.142 0.253
0.01 0.1 1 10 100
Favours BVS Favours non-BVS
TLR — RCTs+non-RCTs Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit Upper limit  Z-value  p-value
Muramatsu et al. 2014 0.471 0.096 2.314 —0.926 0.354
Cortese et al. 2015 0.900 0.331 2.448 —0.207 0.836
Costopoulos et al. 2015 0.587 0.136 2.529 —0.716 0.474
Puricel et al. 2015 1.105 0.447 2.729 0.216 0.829
Serruys et al. 2014 0.657 0.145 2.968 —0.547 0.585
Brugaletta et al. 2015  0.709 0.253 1.989 —0.653 0.514
Kimura et al. 2015 0.686 0.213 2.205 —0.632 0.527
Gao et al. 2015 0.996 0.344 2.884 —0.008 0.994
Ellis et al. 2015 1.220 0.686 2.168 0.677 0.498
0.924 0.663 1.287 —0.466 0.641
0.01 0.1 1 10 100
Favours BVS Favours non-BVS

Figure 9. Forest plot displaying odds ratios (ORs) and 95% confidence intervals (Cls) for target lesion revascularisation in patients treated

with bioresorbable vascular stent versus conventional stents.

that suboptimal implantation with incomplete lesion coverage,
underexpansion, and malapposition comprise the main patho-
mechanism for both early and late BVS thrombosis, similar to
metallic stent thrombosis. It is also necessary to mention other
possible technical limitations of deploying BRS, including the
degradation or disintegration of stents, flaking, proinflamma-
tory and other properties of the biomaterials®'*. Tt might be the
result of the so-called “learning curve” but most potential trig-
gers for BVS thrombosis could be avoided®*3. In a recently pub-
lished study, Puricel et al** investigated occurrence rates, clinical
and angiographic characteristics, and possible mechanisms of
scaffold thrombosis (ScT) in patients undergoing BVS implanta-
tion. The incidence rate of ScT was 1.8% at 30 days and 3.0% at
12 months. Most ScTs (52%) presented as STEMI. In multivaria-
ble analysis, ostial lesions (p=0.049) and impaired left ventricular
ejection fraction (p=0.019) were independently associated with
ScT. Twenty-one percent of the ScTs occurred in patients who
had suspended dual antiplatelet therapy. Lower post-procedural
minimum lumen and reference vessel diameters were hallmarks
of ScT (p<0.0001 for all). When a BVS-specific implantation
strategy was implemented, 12-month ScT rates fell from 3.3% to
as low as 1.0%*.

ABSORB STEMI: the TROFI II trial is a new prospective
study designed in a head-to-head manner to compare the neointi-
mal healing score based on intraluminal filling defects, malappos-
sed stent struts or intensive neointimal proliferation in 191 STEMI
patients randomly treated with BRS versus a metallic everoli-
mus-eluting stent®. Despite higher thrombogenic conditions, the
results obtained at six months have shown almost total arterial
healing and low healing scores with both types of stent implanta-
tion, and have reinforced the possibility of platelet therapy inter-
ruption before one year®®. Another prospective randomised study
— A Prospective, Randomized Trial of BVS Versus EES in Patients
Undergoing Coronary Stenting for Myocardial Infarction (ISAR-
Absorb MI) trial (NCT01942070) — is currently ongoing and the
results are expected relatively soon®.

Various factors related to the patient-related background patho—
logy, types of lesion, the technique of implantation (correct pre-
dilatation, expansion, and apposition), the type of scaffold (strut/
polymer thickness, antiproliferative agent, drug dosage) and the
experience of operators definitely influence these results®. Indeed,
patient-related predisposition to increased thrombosis could
be a decisional factor in this meta-analysis, since three studies
included patients with acute coronary syndromes'’??2, Moreover,
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the bioresorbable stent Absorb is bulkier than the drug-eluting stent
XIENCE in terms of its crossing profile (1.4 mm for the Absorb
scaffold vs. 1.1 mm for the XIENCE stent), with a strut thickness
of 150 pm, compared with 80 um for the XIENCE stent!®.

The process of neointimal coverage and late apposition status
of the BRS when implanted in the highly thrombogenic setting
of STEMI were evaluated using optical coherence tomogra-
phy (OCT) in 50 patients enrolled in the PRAGUE-19 study?’.
The authors noticed differences in incomplete strut apposition
and early neointimal coverage after BRS implantation®’. At one
year, it has been shown that BRS is replaced by connective tissue
and smooth muscle cells, overcoming the issue of metal persis-
tence into the coronary vessel wall, and may stabilise a thin-cap
fibroatheroma with a neointimal layer*>. BRS are also less adap-
tive to intense post-dilatation because of the risk of polymeric strut
fracture when expanded to larger diameters compared to DES (to
maximum 0.5 mm post-dilatation in BRS)*®. Therefore, an opti-
mal lumen expansion and vessel patency are absolutely essential
prior to scaffold delivery. Despite all these differences compared
to other types of stent, BRS achieved a similar delivery rate and
good procedural outcome with DES in all studies!’?.

A new system which combines antiproliferative myolimus with
a poly-L-lactic acid-based scaffold created to offer vessel support
and neointimal suppression was successfully tested in 16 patients
included in the DESolve first-in-man (a non-randomised, consecu-
tive enrolment evaluation of the DESolve myolimus-eluting biore-
sorbable coronary stent in the treatment of patients with de novo
native coronary artery lesions) trial’. The results are promising,
demonstrating no chronic recoil, low in-scaffold late lumen loss,
low ratio of neointimal volume at six months, and preservation
of lumen patency, no scaffold thrombosis and no major adverse
cardiac events (MACE) specifically attributable to the scaffold at
12 months’.

Limitations

Our meta-analysis has important limitations. The studies included
had heterogeneous characteristics of patients, different study pro-
tocols/design, and a different strategy of therapy and implantation
procedures across centres. In the majority of studies the type of
lesion was similar in both the BRS and DES arms, but there were
type A and type Bl lesions. Only one study reported lesions as
in the real world and used BRS in bifurcation, coronary chronic
total occlusions with good procedural outcome and similar results
to DES. Furthermore, a degree of bias might have been present
in relation to the patient selection for BRS implantation, with
a possible impact on these findings. Next, in most of the included
studies (7/10) myocardial infarction was defined as all Ml/any-
cause MI without distinction between periprocedural events and
late “spontaneous” MIs (only in two studies was MI defined as
any periprocedural event and not during the procedure/follow-
up MI, and in one as in-hospital/follow-up MI). Finally, although
the difference between BRS and non-BRS stents in terms of all-
cause mortality and MI did not reach statistical significance, the

relatively large point estimates and wide confidence intervals sug-
gest that our results might be inconclusive. Further investigation
is merited.

Conclusion

In conclusion, our meta-analysis suggests a significantly higher
risk of TVMI with BRS compared with conventional stents and
a numerically higher risk of all MI and no significant differences
in the rates of occurrence of the other outcomes during one-year
follow-up. Further studies with larger samples sizes, longer fol-
low-up, different clinical scenarios and more complex lesions are
required to confirm or refute our findings.

Impact on daily practice

The available data, including the recently published ABSORB
III and ABSORB China trials, suggest that an everolimus-elut-
ing bioresorbable stent was non-inferior to an everolimus-elut-
ing conventional stent for the primary endpoints at one year.
Our meta-analysis suggests a significantly higher risk of TVMI
with BRS compared with conventional stents and a numerically
higher risk of any-cause MI. No significant differences in the
rates of occurrence of the other outcomes were observed dur-
ing one-year follow-up. Further studies, including the ongoing
ABSORB 1V trial, with a larger sample size, longer follow-
up, different clinical scenarios and more complex lesions are

required to confirm or refute our findings.
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