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Abstract

A previous Task Force of the European Society of Cardiology (ESC) and European Association of

KEYWORDS

Percutaneous Cardiovascular Interventions (EAPCI) provided a report on recommendations for the non-

¢ bioresorbable
scaffold

e clinical trials

e expert review

¢ regulatory approval

clinical and clinical evaluation of coronary stents. Following dialogue with the European Commission,
the Task Force was asked to prepare an additional report on the class of devices known as bioresorb-
able scaffolds (BRS). Five BRS have CE-mark approval for use in Europe. Only one device —the Absorb
bioresorbable vascular scaffold — has published randomized clinical trial data and this data show inferior
outcomes to conventional drug-eluting stents (DES) at 2-3 years. For this reason, at present BRS should not
be preferred to conventional DES in clinical practice. The Task Force recommends that new BRS devices
should undergo systematic non-clinical testing according to standardized criteria prior to evaluation in clini-
cal studies. A clinical evaluation plan should include data from a medium sized, randomized trial against
DES powered for a surrogate end point of clinical efficacy. Manufacturers of successful devices receive
CE- mark approval for use and must have an approved plan for a large-scale randomized clinical trial with
planned long-term follow-up.
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Background

The European Union (EU) medical device advisory document on
the evaluation of coronary stents (MEDDEV 2.7.1., Appendix 1)
provides guidance, which aims to ensure uniform application of
evaluation standards across Europe. At the request of the Clinical
Investigation and Evaluation (CIE) Working Group of the
Medical Device Experts Group (MDEG, standing committee) of
the European Commission, a Task Force the European Society
of Cardiology (ESC) and European Association of Percutaneous
Cardiovascular Interventions (EAPCI) provided a report containing
recommendations for a revision of this document in 2014.

The ESC-EAPCI Task Force presented its report to the European
Commission in July 2014 and an executive summary of this report
was published in 2015.! Following dialogue between the Joint
Research Centre (JRC) —the scientific advisory service of the
European Commission — and the Task Force in 2016, the Task Force
was asked to prepare an additional report on the class of devices
known as bioresorbable scaffolds (BRS). This current report and the
previous one will now together provide the evidence that will be
used by a task force of regulators drawn from the national com-
petent authorities in Europe as the basis for their redrafting of EU
guidance to manufacturers and notified bodies on the preclinical and
clinical evaluation of coronary stents. Decision making within this
Task Force was based on unanimity for explicit recommendations.
There follows an executive summary of the report of this Task Force.
It includes recommendations concerning the clinical use of BRS,
as well as recommendations for preclinical and clinical evaluation
before approval of these devices. The complete text of the report
is available online as Supplementary material to the current paper.

Editorial, see page 1506

Introduction and nomenclature

Bioresorbable scaffolds are also known as bioresorbable stents or
fully bioresorbable stents though use of the term BRS is now more
widespread and will be preferred in this report. These devices pro-
vide temporary mechanical scaffolding in the initial months and
years after implantation and subsequently undergo bioresorption.
Bioresorbable scaffolds may be classified according to composi-
tion of the backbone as either polymeric (pBRS, comprised of pol-
ylactic acid or related compounds) or metallic (mBRS, comprised
of magnesium alloy). Bioresorbable scaffolds that are drug eluting
also include a drug- polymer matrix coating typically consisting of
a biodegradable polymer matrix and an antiproliferative drug. The
bioresorption process of BRS is often initiated by hydrolysis and
results in complete degradation of the backbone skeleton into car-
bon dioxide and water, amorphous calcium phosphate, and other
degradation products depending on the specific platform.

In general terms, bioabsorption is used to reflect the disappear-
ance of the compound of interest and transformation into another
substance,” whereas bioresorption indicates the total elimination
of the compound by dissolution, assimilation, and excretion.>*
Degradation is used in the case of unknown or ex vivo mecha-

nisms, whereas biodegradation refers to a cell-mediated in vivo
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mechanism.? Structural fragmentation, disintegration, or disman-
tling are used to describe physical degradation of polymeric device
without systematic breakdown of constituting macromolecules.

Clinical context and potential benefits

Current generation drug-eluting stents (DES) are a mature techno-
logy and the benchmark for new technologies such as BRS.
Patients treated with DES demonstrate excellent clinical outcomes
at 1 year in both randomized clinical trials and large-scale clinical
registries."® Moreover, although some attrition of performance is
observed with clinical follow-up out to 3-5 years,”® the attrition
rates beyond 5 years may be lower,” and the overall medium-term
efficacy of this technology is high. In many respects, although
unmet need can be said to exist with regard to late adverse events
after conventional DES implantation, the overall prognosis of
stented patients is good and continues to be determined in large
part by events resulting from generalized progression of athero-
sclerotic disease.' For this reason, the incremental benefit of any
new technology should be tangible and clear before it is preferred
to DES in routine clinical practice.

A rationale exists for the development of BRS technology and
all other things being equal a scaffold that disappears after its use-
ful function in preventing recoil and constrictive remodelling is
served is likely to be preferable to a conventional stent. Indeed
it is hypothesized that BRS might address late stent failure and
potentially eliminate the risk of late adverse stent-related events.
In addition, restoration of physiological vasomotion within the
treated coronary segment is a potential benefit. This was docu-
mented using physiological testing during angiographic sur-
veillance procedures after BRS implantation.''? However, the
ABSORB 1I trial failed to show improvements in vasomotion
within the stented segment with the Absorb pBRS as compared
to metallic everolimus-eluting stents (EES) at 3 years.!* Other
inadequacies of conventional DES that may be addressed by BRS
include facilitation of non-invasive surveillance imaging with
computed tomography and anastomosis of bypass grafts to treated
segments should the need arise, as well as removal of the conse-

quences of permanent jailing of side branches.

Currently approved bioresorbable scaffolds
devices in Europe

An overview of BRS that have received CE mark approval for use
in Europe is shown in Table 1. Four polymeric and one metal-
lic BRS have received CE approval as of April 2017: the Absorb
bioresorbable vascular scaffold 1.1 (Abbott Vascular, Santa Clara,
CA, USA), the DESolve scaffold (Elixir Medical, Sunnyvale,
California), the Arterial Remodelling Technologies (ART) pBRS,
the Fantom scaffold (Reva Medical, San Diego, CA, USA) as well
as the mBRS Magmaris (Biotronik, Berlin, Germany). The Absorb
pBRS is also approved for use in the USA and Japan. Key features
of the CE mark-approved devices are summarized in Table 1 and
principal degradation characteristics of the devices are shown in
Figure 1.
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Table 1. Overview of CE-marked hioresorbable scaffolds.
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=h (pDESolve 100/ | Elixir Medical/ 100- .

ﬁ DESolve Cx/ LRQA PLLA PLLA 150 mm Novolimus NA 3 months | 24 months 2014 NA NA

e DESolve NXT)

@ ART Pure ART/ NA PDLLA NA 170 mm |No drug elution| no drug NA 24 months 2015 NA NA
Magmaris Biotronik/BSI | Magnesium alloy | PLLA 150 mm Sirolimus 1.4 Ig/mm? | 3 months | 9-12 months 2016 NA NA
Fantom Reva/NA PTD-PC PTD-PC | 125 mm Sirolimus 115 mg NA <3 years 2017 NA NA
FDA: Food and Drug Administration; LRQA: Lloyds Register Quality Assurance; NA: not approved; PDLLA: poly-D: L-lactic acid; PLLA: poly-L-lactic acid; PMDA: pharmaceuticals and medical
devices: agency; PTD-PC: poly-tyrosine- derived polycarbonate
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Figure 1. Principal degradation characteristics of CE-marked bioresorbable scaffolds. For each device data are shown, where available, for
radial support and molecular weight and mass of the polymer over time. For the magnesium scaffold, the content of magnesium and calcium
phosphate (a conversion product) over time is shown. PLLA: poly-L-lactic acid
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Clinical outcomes with CE-approved
bioresorbable scaffolds
ABSORB BIORESORBABLE SCAFFOLD
The everolimus-eluting Absorb pBRS received CE mark approval
for use in January 2011. It is the only device in this class with
clinical outcome data from randomized clinical trials and to have
reached limited use in clinical practice to date. Seven randomized
clinical trials have investigated outcomes in studies with and with-
out protocol mandated imaging follow-up to date (Table 2).!*1°
The main clinical outcomes of each of the randomized clinical tri-
als at the time point of latest follow-up are detailed in Table 3.!31%-24

The two largest trials were ABSORB-III and AIDA. Enrolling
2008 patients, the ABSORB 1II trial is the largest randomized trial
reported to date.'” Patients were randomly assigned in a 2:1 ratio
(active treatment vs. control) after predilatation of the target lesion.
The primary end point was target lesion failure (TLF) and non-
inferiority was assessed against an expected event rate of 7% with
a pre-specified non-inferiority margin of 4.5%. The main finding
of the study was that TLF at 1 year was non-inferior with BRS
vs. EES in both intention-to-treat [7.8% vs. 6.1%, difference 1.7%,
upper bound of 95% confidence interval (CI) 3.9%, P_ .. ity
0.007] and as treated analyses (8.0% vs. 6.0%, difference 2.0%
upper bound of 95% CI 4.1%, P minteriorty 0-01)- Rates of target ves-
sel myocardial infarction (MI) (6.0% vs. 4.6%; P=0.18) and defi-
nite/probable stent/scaffold thrombosis at 1 year were numerically
higher with BRS (1.5% vs. 0.7%, P=0.13). Results of 2-year fol-
low-up have recently been presented showing a higher rate of TLF
(11.0% vs. 7.9%, P=0.03) and target vessel MI (7.3% vs. 4.9%,
P=0.04) with BRS vs. EES as well as a numerically higher rate of
stent/scaffold thrombosis with BRS (1.9% vs. 0.8%).2*

The AIDA investigator-initiated trial enrolled patients undergo-

ing intervention in routine practice including patients with acute
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coronary syndromes.!” The trial intended to test non-inferiority of
BRS vs. EES at 2 years. However, during follow-up and after full
enrolment the data and safety monitoring board of the trial rec-
ommended early reporting due to safety concerns. At the time of
reporting, the median duration of follow-up was 707 days. The
primary end point — a composite of cardiac death, target vessel
ML, or target vessel revascularization — was similar in both groups
[11.7% vs. 10.7%, hazard ratio 1.12 (0.85-1.48), P=0.43]. Definite/
probable stent/scaffold thrombosis was significantly higher in the
BRS treatment group (3.5% vs. 0.9%, P<0.001).

Meta-analysis of the first six trials with reported follow-up at
1 year shows rates of target lesion revascularization (TLR) with
ABSORB BRS that are comparable to metallic EES but a two-fold
increase in the risk of stent/scaffold thrombosis (see Figure 2).2°
A pooled analysis of individual patient data from the four indus-
try-sponsored studies showed broadly concordant findings.?® Most
of this increased risk occurred inside the first 30 days suggest-
ing an association with the procedural outcomes. In this respect,
analysis from two registries suggests that modification of implan-
tation technique might lead to improved clinical outcomes.?”-*

A meta-analysis of all seven randomised trials reporting long-
term follow-up with a minimum 2-year clinical follow-up was
recently done.” A total of 5583 included patients received BRS
(n=3261) or EES (n=2322). Weighted median follow-up was
26.6 months. Patients treated with BRS vs. EES showed higher risk
for TLF [odds ratio, (OR) (95% CI)=1.35 (1.14-1.61), P=0.005]
(Figure 3A) due to a higher risk of target vessel MI [OR 1.68 (1.21-
2.33), P=0.008] and ischaemia-driven TLR [OR 1.42 (1.14-1.78),
P=0.008]. Patients treated with BRS vs. EES showed a higher risk
for definite/probable stent/scaffold thrombosis [OR 3.24 (2.34-
4.50), P=0.0001] (Figure 3B), most marked in the period beyond
1 year after implantation [OR 4.03 (2.11-7.68); P=0.003].

Table 2. Main baseline characteristics of patients in enrolled in randomized trials comparing the absorh bioresorhable scaffolds with
conventional metallic drug-eluting stents.

Trials Patients (n) | Age (years) | Males (%) | Diabetes (%) adm‘i\s?ozt(%) Lesions (n) | RVD (mm) | Length (mm)
ABSORB 11'3 501 61.2 78 24 212 546 2.61 13.8
ABSORB I11*7 2,008 63.5 70 32 26° 2,098 2.66 12.8
ABSORB China'® 480 57.4 72 24 642 503 2.81 14.0
ABSORB Japan!® 400 67.2 76 36 132 412 2.75 13.4
AIDA!® 1,845 64.2 74 18 54 2,446 2.67 18.9
EVERBIO [114 240 65.0 79 19 35 325 2.58 NA
TROFI |[28 191 58.6 82 17 100 193 2.81 13.1

Acute ST-Elevation Myocardial Infarction. 2Unstable angina only.

Overall mean values are reported. ACS: acute coronary syndrome; NA: not available; RVD: reference vessel diameter. ABSORB China, A Clinical
Evaluation of Absorb™ Bioresorbable Vascular Scaffold (Absorb™ BVS) System in Chinese Population; ABSORB I, A Clinical Evaluation to Compare
the Safety, Efficacy and Performance of ABSORB Everolimus Eluting Bioresorbable Vascular Scaffold System Against XIENCE Everolimus Eluting
Coronary Stent System in the Treatment of Subjects With Ischemic Heart Disease Caused by de Novo Native Coronary Artery Lesions; ABSORB I,

A Clinical Evaluation of Absorb™ BVS, the Everolimus Eluting Bioresorbable Vascular Scaffold in the Treatment of Subjects With de Novo Native
Coronary Artery Lesions; ABSORB Japan, A Clinical Evaluation of AVJ-301 (Absorb™ BVS), the Everolimus Eluting Bioresorbable Vascular Scaffold in
the Treatment of Subjects With de Novo Native Coronary Artery Lesions in Japanese Population; AIDA, Amsterdam Investigator-initiateD Absorb strategy
all-comers trial; EVERBIO II, Comparison of Everolimus- and Biolimus-Eluting Stents With Everolimus-Eluting Bioresorbable Vascular Scaffold;

TROFI I, Comparison of the ABSORB™ Everolimus Eluting Bioresorbable Vascular Scaffold System With a Drug- Eluting Metal Stent (Xience™) in
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Table 3. Clinical outcomes at long-term follow-up from seven randomized trials comparing bioresorbable scaffolds vs. metallic
everolimus-eluting stents.

D/P-stent/ | Def stent/
Death Cardiac death mi scaffold scaffold
thrombosis | thrombosis
ABSORB P13 34/325 (10) 68/325 (21) 8/325 (2) 3/325 (1) 271325 (8) 23/325(7) 20/325 (6) 9/320 (3) 8/320 (3)
vs. 8/161 (5) vs. 39/161 (24) vs. 6/161 (4) vs. 3/161 (2) vs. 5/161 (3) vs. 2/161 (1) vs 3/161 (2)2 vs. 0/159 (0) | vs. 0/159 (0)
ABSORB I1I** | 143/1322 (11.0) NA NA 14/1322 (1.1) NA 95/1322 (7.3) 69/1322 (5.3) | 24/1322(1.9) NA
vs. 53/686 (7.9) vs. 4/686 (0.6) vs. 33/686 (4.9) | vs.29/686 (4.3) | vs. 5/686 (0.8)
ABSORB 13/236 (5.5) 28/236 (11.9) 2/236 (0.8) 1/236 (0.4) 8/236 (3.4) 6/236 (2.5) 10/236 (4.2) 2/235(0.9) 1/235(0.4)
China®% vs. 11/235 (4.7) | vs. 28/235(11.9) | vs.6/235(2.6) | vs.3/235(0.9) | vs.5/235(2.1) | vs.2/235(0.9) | vs.6/237 (2.5)* | vs.0/229 (0) | vs.0/229 (0)
ABSORB 23/258 (8.9) NA NA 1/258 (0.4) NA 14/258 (5.4) 18/258 (7.0) 9/258 (3.5) NA
Japan®? vs. 7/128 (5.5) vs. 0/128 (0) vs. 4/128 (3.1) | vs. 5/128 (3.9)* | vs. 2/128 (1.6)
AIDA® 91/924 (10.3) | 105/924 (11.7) 32/924 (3.5) 18/924 (2.0) 62/924 (7.1) 48/924 (5.5) 60/924 (7.0) 31(3.5) 27 (3.1)
vs. 78 (8.9) | vs. 94/921 (10.7) | vs.43/921 (4.3) | vs.23(2.7) vs. 41 (4.2) vs. 30 (3.2) vs. 45 (5.2) vs. 8(0.9) vs. 5 (0.6)
EVERBIO? 16 (21) 27 (35) 2(3) 1(1) 4 (5) 2(3) 11(14) 1(1) 1(1)
vs. 13 (16) vs. 30 (38) vs. 4 (5) vs. 1(1) vs. 2 (3) vs. 0(0) vs. 8 (10) vs. 0 (0) vs. 0 (0)
TROFI [12! 3(3.2) NA 1(1.1) 1(1.1) 3(3.2) 2(2.1) 2(2.1) 2/95 (2.1) 2(2.1)
vs. 3(3.2) vs. 1(1.0) vs. 1 (1.0) vs.3(3.2) vs. 3(3.2) vs. 1(1.0)2 vs. 1(1.0) vs. 1(1.0)
Data are shown for bioresorbable scaffolds vs. metallic everolimus-eluting stents as n/N (%) and are at 2-year follow-up unless otherwise indicated. 2ID-TLR. ®At 3 years. ID-TLR,
ischaemia-driven TLR; MI, myocardial infarction; NA, not available; POCE, patient-oriented composite end point; TLF, target lesion failure; TLR, target lesion revascularization; TVMI,
target-vessel myocardial infarction; details of trial acronyms as in Table 2.

In terms of registry studies, results from a large number of pre-

dominantly small and moderate sized clinical registries have been

published. The largest reported datasets were consistent in show-

ing generally acceptable clinical outcomes at 1 year.?®3*33 Rates

of stent/scaffold thrombosis appeared somewhat higher than those

observed with conventional DES in routine clinical practice.

28,30-33

Importantly, it should be noted that despite the implantation of

A In-device late lumen loss

significant numbers of devices worldwide in the years since

approval — estimated to be of the order of >200,000 devices — only

a small proportion of patients have been entered into registries with

reports that have been published in the peer-reviewed literature.

Recent data from long-term follow-up of randomized trials pro-

vided evidence regarding a possible excess of very late stent/scaf-

fold thrombosis with Absorb pBRS in comparison with conventional

BVS EES Weight Mean difference
Mean (SD)  Total Mean (SD) Total (%) (95% CI)
ABSORB China 0.24(0.39) 240 0.10(0.32) 246 333 0.14(0.08t0 0.20) -
ABSORB Japan 0.19(0.31) 272 0.16(0.33) 137 304 0.03(-0.04t0 0.10)
EVERBIO Il 0.28(0.39) 75 0.24(0.32) 103 116 0.04 (-0.07 to 0.15) [
TROFI I 0.17 (0.24) 9% 0.08 (0.28) 98 247 0.09(0.02 to 0.16) .
Overall 681 584 100 0.08 (0.05-0.12) ’
Heterogeneity: x?=6.19, df=3; p=0.10; ’=52%
Test for overall effect: Z=4.42; p<0.0001 ] 05 0 05 1
- i % . BVS better EES better
Random-effects mean difference 0.08 (95% C1 0.03-0.13) - =S
B In-segment late lumen loss
BVS EES Weight Mean difference
Mean (SD)  Total Mean (SD) Total (%) (95% CI)
ABSORB China 0.19(0.40) 240 0.13(0.37) 246 319 0.06(-0.01t00.13) |:
ABSORB Japan 0.13(0.30) 272 0.12(0.32) 137 36.2  0.01(-0.05t00.07)
EVERBIO Il 0.30 (0.44) 75 0.20(0.43) 103 89  0.10(-0.03t00.23) T
TROFI I 0.14(0.28) 9% 0.06 (0.29) 98 23.0  0.08(-0.00t0 0.16) —
Overall 681 584 100 0.05(0.01-0.09) ‘
Heterogeneity: ?=2.67, df=3; p=0.45 ; I’=0% T T T 1
Test for overall effect: Z=2.54; p=0.01 -1 BVS_?J'SI‘I 0 EEsoﬁstt 1
Random-effects mean difference 0.05 (35% Cl 0.01-0.09) é g _e> 4

Figure 2. Meta-analysis of differences in late lumen loss between bioresorbable scaffolds and conventional drug-eluting stents in trials with

angiographic surveillance scheduled at 6-12 months follow-up. Plots of weighted mean difference in (4) in-device and (B) in-segment late
loss. The boxes/ diamonds indicate the point estimate and the left and the right ends of the lines the 95% confidence interval (CI). BVS: Absorb
bioresorbable vascular scaffold; EES: everolimus-eluting stent®



A Target lesion failure
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BVS EES Odds ratio [95% Weight
Trial Events  Total Events  Total Confidence Intervals]  (fixed) (random)
ABSORB China 13 236 11 235 —-l*— 1.19[0.52; 2.71] 6.0% 5.8%
ABSORB II 34 325 8 161 —-—l— 2.23[1.01;4.95] 5.5% 6.2%
ABSORB Il 143 1,296 53 671 — 1.45[1.04; 2.01] 35.7% 36.2%
ABSORB Japan 23 258 7 128 ——‘-l— 1.69[0.71; 4.05] 4.9% 5.2%
AIDA 91 899 78 894 -.— 1.18[0.86; 1.62] 40.4% 39.1%
EVERBIO Il 16 78 13 80 ——i— 1.33[0.59; 2.99] 5.9% 6.0%
TROFIII 3 95 3 9 1.01[0.20; 5.14] 1.7% 1.5%
Fixed effect model 323 3,181 173 2,265 < 1.36[1.12; 1.66] 100.0% -
Random effects model < 1.35[1.14; 1.61] - 100.0%
Heterogeneity: I°’=0%, 1?=0, p=0.82 0.I1 OI.Z 0'_5 ! ; ; 1'0

BVS better EES better

B Definite/probable stent/scaffold thrombosis

BVS EES 0dds ratio [95% Weight
Trial Events  Total Events  Total Confidence Intervals]  (fixed) (random)
ABSORB China 2 235 0 229 & 4.91[0.23; 102.92] 2.6% 3.0%
ABSORB Il 9 321 0 158 9.64[0.56; 166.64] 3.3% 34%
ABSORB Il 24 1,296 5 671 —e— 2.5110.95; 6.62] 33.3% 29.5%
ABSORB Japan 9 258 2 128 i 2.280.48;10.70] 13.3% 11.6%
AIDA 31 899 8 894 —-.—> 3.96[1.81; 8.65] 39.9% 45.1%
EVERBIO Il 1 78 0 80 ~ > 3.12[0.13;77.66] 2.5% 2.1%
TROFIII 2 95 1 9 L > 2.04[0.18;22.92] 5.0% 4.7%
Fixed effect model 18 3,182 16 2,256 - 3.35[1.98; 5.66] 100.0% -
Random effects model = 3.24[2.34; 4.50] - 100.0%
Heterogeneity: 1°’=0%, 12=0, p=0.96 0'1 0'2 ' ' ' '

0.5 1 2 5 10

Figure 3. Risk of target lesion failure and stent/scaffold thrombosis at follow-up of 2 years or more in meta-analysis of seven randomized

controlled trials comparing bioresorbable scaffolds and conventional drug-eluting stents. (A) target lesion failure; (B) stent/scaffold

thrombosis. Odds ratios for target lesion failure with polymeric bioresorbable scaffolds vs. EES. The diamonds indicate the point estimate and
the left and the right ends of the lines the [95% confidence interval, CI]. BVS: bioresorbable stent (i.e. Absorb polymeric bioresorbable

scaffolds),; EES: everolimus-eluting stent”

stents.?*2312 Three main factors are hypothesized to be involved in
late/very late scaffold thrombosis: (i) alteration in laminar flow as
a consequence of loss of integrity of the scaffold backbone; this may
lead to prolapse of part of the scaffold into the vessel lumen; (ii)
thrombogenicity of the breakdown products and/or the extracellular
matrix replacing the strut void; and (iii) effects of inflammation at
a tissue level due to breakdown/resorption of the scaffold at a time
when protection is now longer provided by drug elution from the
scaffold backbone.**3¢ While in acute and subacute scaffold throm-
bosis cases, strut malapposition, incomplete lesion coverage and
under-deployment were the most frequently observed imaging find-
ings in late and very late scaffold thrombosis cases, malapposition,
late discontinuity and peri-strut low intensity area were frequently
observed at the time of event.* Among these imaging findings,
late discontinuities are specifically related to the BRS technology.

DESolve BIORESORBABLE SCAFFOLD

The novolimus-eluting DESolve pBRS received CE mark
approval in May 2014. The single arm DESolve Nx trial enrolled
126 patients treated with 150 Im thickness pBRS. At 2 years major

adverse cardiac events were observed in 7.4%.>” No randomized
clinical trial data are available to date.

A single comparative analysis between the DESolve BRS and the
Absorb BRS is available using a propensity-score matching model.*
The main finding was that outcomes at 1 year were similar between
the two devices: the 1-year rates of TLF (4.7 vs. 4.5%; P=0.851),
TLR (2.6 vs. 3.5%; P=0.768), cardiac death (1.5 vs. 2.0%; P=0.752),
and definite stent/scaffold thrombosis (2.0 vs. 1.0%; P=0.529) did
not differ significantly between Absorb BRS and DESolve BRS.

MAGMARIS BIORESORBABLE MAGNESIUM SCAFFOLD

The Magmaris drug-cluting mBRS received CE mark approval in
June 2016. Clinical data are limited to results from the BIOSOLVE-II
study, a single arm study enrolling 123 patients.** Overall rates of
clinical events at 12 months were low: TLF was observed in 3.4%,
95% CI: 0.9-8.4. No randomized clinical trial data are available to date.

ART BIORESORBABLE SCAFFOLD
This is a non-drug eluting pBRS. There are no published clinical
outcome data with this device.
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FANTOM BIORESORBABLE SCAFFOLD

This is a drug-eluting pBRS with a radio-opaque platform (in con-
tradistinction to the other approved scaffolds). There are no pub-
lished clinical outcome data with this device.

Angiographic outcomes with CE-approved

bioresorbable scaffolds

ABSORB BIORESORBABLE SCAFFOLD

A number of randomized trials compared outcomes of patients

treated with Absorb BRS with conventional metallic DES, and

incorporated protocol-mandated angiographic follow-up.

— In the ABSORB China trial, the primary end point of in-
segment late loss at 1 year was 0.19+0.38 mm for BRS vs.
0.13+0.38 mm for EES (one- sided 97.5% upper confidence
limit of the difference=0.14 mm, P .. . =0.01).!°

— In ABSORB-Japan in-segment late loss at 13 months was
0.13£0.30 mm with BRS and 0.12+0.32 mm with EES
(upper one-sided 95 confidence limit of the difference=0.07);
P non—infcriorily<0'0001)'1534

— Data from the EVERBIO-II trial showed that in-stent late
loss at 9 months was similar between patients treated with
BRS (0.28+0.39 mm) and with EES/biolimus A9-eluting stent
(0.25+0.36 mm, P=0.30)."

— In the TROFI II trial in-stent late loss at 6 months favoured
conventional stents (Absorb BRS: 0.17£0.24 mm vs. EES:
0.08+0.28 mm, P=0.024).'8

— In the ABSORB II trial, the 3-year co-primary end points were
vasomotor reactivity (powered for superiority) and late lumen
loss (powered for non-inferiority). The trial failed to show supe-
riority with respect to vasomotor reactivity at 3 years [Absorb
BRS 0.047 mm standard deviation (SD) (0.109) vs. EES
0.056 mm (0.117); P-superiority=0.49] as well as non-inferi-
ority for the co-primary end point of late lumen loss that was
larger with Absorb BRS than EES (0.37 mm [0.45] vs. 0.25 mm
[0.25]; Pmn_inferiomy=0.78). Minimum lumen diameter at 3 years
was 1.86 mm (SD 0.54) in the Absorb group vs. 2.25 mm (0.37)
in the Xience group (P<0.0001).

Meta-analysis of the four trials with angiographic surveillance
scheduled in the time window that is usual for the assessment of
conventional metallic DES shows that both in-device and in-seg-
ment late loss are significantly higher for the Absorb BRS com-
pared with metallic EES.%

In terms of registry data from routine practice with angio-
graphic follow-up, device performance was broadly in line with
clinical trial data with respect to angiographic antirestenotic effi-
cacy. The ISAR-ABSORB registry showed a mean in-stent late
loss of 0.26+0.51 in 286 patients undergoing surveillance angio-
graphy at a median of 196 days after stenting.®

DESolve BIORESORBABLE SCAFFOLD
In the DESolve Nx trial at 6-month angiographic follow-up, the
novolimus-eluting bioresorbable DESolve scaffold showed in-
stent late lumen loss of 0.20+0.32 mm.%’

MAGMARIS BIORESORBABLE SCAFFOLD

In the BIOSOLVE-II trial, mean late lumen loss at follow-up with
the drug-eluting Magmaris mBRS was somewhat higher than is
seen with conventional metallic DES and remained stable between
6 and 12 months: in-segment late lumen loss 0.20+0.21 mm and
0.25+0.22 mm, P=0.117, delta late loss 0.05+0.21 mm (95%
CIL: 20.01; 0.12); in-scaffold late lumen loss 0.37+£0.25 mm vs.
0.39+0.27 mm, P=0.446, delta late loss 0.03+0.22 (95% CI: 20.04-
0.10), respectively.3*4

OTHER SCAFFOLDS
Published angiographic surveillance data are not available with the
ART and Fantom scaffolds.

Recommendations for dual antiplatelet therapy
in patients treated with bioresorbable scaffolds
Treatment with dual antiplatelet therapy (DAPT) with aspirin and
a P2Y|, inhibitor after BRS implantation is mandatory to mitigate
the risk of scaffold thrombosis. Yet, the optimal duration of such
DAPT treatment is unknown. The ESC clinical practice guidelines
on myocardial revascularization recommend DAPT for a mini-
mum of 6 months after new generation metallic DES implantation,
but no specific recommendations are made for BRS.*!

In considering DAPT regime after BRS a number of aspects
have to be considered. Thicker and wider BRS stent struts might
confer a higher risk of stent thrombosis in comparison to thin-
strut conventional DES. Moreover, thicker stent struts may take
longer to completely endothelialize. Importantly, due to con-
cerns regarding scaffold thrombosis late in the course of scaffold
degradation at 2-3 years, it is conceivable that the duration of
DAPT treatment may need to be prolonged to the time of BRS
bioresorption.

At 3-year follow-up of the ABSORB II trial, nine patients pre-
sented with scaffold thrombosis; six of these cases (78%) pre-
sented with late or very late scaffold thrombosis.'* In all of them,
scaffold thrombosis had occurred after discontinuation of DAPT,
in most cases after a long period of antiplatelet monotherapy:
in eight patients (87%) scaffold thrombosis occurred more than
100 days after DAPT was discontinued. Of note, there were no
cases of late/very late scaffold thrombosis in the 63 patients in
the scaffold arm in whom DAPT was maintained without inter-
ruption for 3 years. In a meta-analysis examining late outcomes
of patients treated with pBRS, of 12 patients presenting with very
late scaffold thrombosis only 1 patient was on DAPT.#* In addi-
tion, a recent report of data pooled from three registries suggested
that in patients event-free at 6 months, the incidence of scaffold
thrombosis was low while on DAPT but higher when DAPT was
terminated before 18 months.*

Overall, available data suggest that current BRS may require
prolonged DAPT to mitigate the risk of late and very late scaffold
thrombosis. It is unknown whether use of more potent P2Y,, inhib-
itors, such as ticagrelor or prasugrel, may have a more protective
effect against scaffold thrombosis than DAPT with clopidogrel.



As prolonged DAPT confers a higher risk of bleeding events, pro-
longed DAPT duration will impact net clinical benefit.

Patients who cannot tolerate or are unlikely to be compliant
with extended duration DAPT are not candidates for BRS treat-
ment. Patients with an indication for oral anticoagulation are not
candidates for BRS at this point in time.

In patients who have already been treated with BRS, there are
two scenarios to be considered. In patients who remain on DAPT
without clinical events, it is recommended to continue DAPT for the
duration of bioresorption expected on the basis of existing non-clini-
cal and clinical studies (e.g. at least 36 months in case of the Absorb
pBRY). In patients who have discontinued DAPT prior to this time
point, a decision to re-initiate DAPT should be made on a case-

by-case basis after evaluation of the thrombotic and bleeding risks.

Recommendations for use of bioresorbable
scaffolds in clinical studies

There are sufficient clinical data to inform recommendations of this
Task Force only about the everolimus-eluting Absorb pBRS. For the
other devices, there are insufficient data to inform recommendations.
These scaffolds may be used according to ongoing clinical investi-
gations and their outcomes. Of note, data regarding cost-effective-
ness do not exist and may differ widely according to each local
health care system and reimbursement scheme.

Current data from randomized trials and meta-analyses com-
pare the everolimus-eluting Absorb pBRS with the metallic EES
in patients with predominantly stable coronary artery disease, and
with simple to moderately complex lesion characteristics. They
suggest similar clinical efficacy at one year, as it relates to the
risk of TLR and to the device-oriented composite outcome TLF.
However, the risks of target-vessel MI and definite or probable
stent/scaffold thrombosis are increased in patients treated with
the Absorb BRS. Moreover, late outcomes out to 2-3 years sug-
gest an excess of very late stent/scaffold thrombosis, target ves-
sel MI, and TLF, with BRS vs. metallic EES. Current evidence
suggests no late advantage in terms of clinical efficacy including
relief of angina pectoris. Thus the Task Force has the following
recommendations for the clinical use of BRS as an alternative to

conventional metallic DES:

GENERAL RECOMMENDATIONS FOR CLINICAL USE OF

APPROVED DEVICES

— As long as concerns regarding long-term clinical safety (i.e. MI,
stent/scaffold thrombosis) have not been dispelled by on-going
clinical trials or prospective, monitored registries, BRS should
not be preferred to current generation metallic DES for clinical
use in daily practice.

— On-going trials should be closely monitored for adverse events
and data should be made available at regular intervals in the
public domain, irrespective of the initial analysis plan.

— It is not recommended to use BRS in patients who cannot tol-
erate or are unlikely to be compliant with extended duration

DAPT or who require oral anticoagulants.

BVS for PCI, executive summary of an ESC-EAPCI task force

PROCEDURAL RECOMMENDATIONS FOR USE OF APPROVED
DEVICES
Although implantation technique has progressively evolved with
time, at present there is no evidence from prospectively conducted
trials that specific procedural techniques can impact on clinical
outcomes. Accordingly, the following recommendations are based
on the opinion of the Task Force members.
i. LESION ASSESSMENT
BRS require careful lesion assessment, to determine the need and
extent of lesion preparation, as well as to select the appropriate
size and length of the device. The use of pre-and post-procedural
intracoronary imaging (Intravascular ultrasound, optical coherence
tomography), as well as online quantitative coronary angiography,
is encouraged to optimize device implantation. The use of BRS
in heavily calcified vessels is strongly discouraged. Bioresorbable
scaffolds should be avoided in stenoses with reference diameter
smaller than 2.5 mm and in ostial lesions.

ii. DEVICE IMPLANTATION

Consistent observations point to the differences in mechanical

properties of BRS compared with metallic DES. This mandates

meticulous assessment and preparation of the lesion, and also
frequent use of pre- and post-dilatation. As a result, procedure
duration and contrast use are increased. Moreover, acute per-
formance, as assessed by acute gain and percent diameter ste-
nosis are inferior for BRS as compared with metallic DES. As

a result, it is recommended that BRS are implanted by appropri-

ately trained operators with specific experience in the implanta-

tion of these devices.

iii. PRE-DILATION

It is recommended to systematically predilate lesions with non-

compliant balloons, aiming at a balloon diameter corresponding to

the estimated reference vessel diameter.

— Complete balloon expansion should be ensured, in orthogonal
angiographic projections.

— In case of incomplete balloon expansion during pre-dilation,
use of plaque modification techniques (cutting/scoring balloon,
rotational atherectomy) should be considered prior to BRS
insertion.

— It is recommended to refrain from BRS implantation in cases
where balloon expansion remains incomplete despite plaque
modification techniques.

iv. IMPLANTATION TECHNIQUE IN CASE OF OVERLAPPING

SCAFFOLDS

Implantation technique.

If more than one device needs to be implanted due to lesion length,

incomplete lesion coverage or edge dissections, additional devices

may be implanted by carefully avoiding excessive stent overlap.

An abutting technique (device-to-device) should be preferred in

patients needing more than one stent.

v. POST-DILATATION

High-pressure (>16 bar) post-dilatation using non-compliant bal-

loons should be done routinely, with nominal balloon diameter not

exceeding 0.5 mm above the nominal diameter of the device.

98G1-¥LG1'ET-8T0C UOIUBAIdUI0INT
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vi. DEVICE FAILURE

In cases of scaffold thrombosis, it is recommended that intravascu-
lar imaging be performed, preferably with OCT, after restoration
of normal vessel flow. This may provide insight into the mech-
anisms underlying the scaffold thrombosis and potentially guide
therapy. In most cases, implantation of a conventional DES will
be the preferred strategy.

Recommendations for non-clinical evaluation of
bioresorbable scaffolds

NON-CLINICAL TESTING

The Task Force recommends that bench testing of the biodegrad-
able scaffold backbone should include two components: (i) char-
acterization of the finished product and (ii) mechanical testing.

Mechanical testing should be performed under environmental
conditions that mimic physiological ones, to capture the effect of
degradation on mechanical integrity over time. The duration of the
accelerated fatigue testing should be determined through time of
complete tissue coverage as determined by in vivo or in vitro deg-
radation studies. Particulates testing should be performed through
time of significant mass loss of the polymer.

Biocompatibility testing should be performed as recommended
in the ISO standard 'Use of International Standard ISO-10993,
Biological Evaluation of Medical Devices Part 1: Evaluation and
Testing’. However, there may be a need to alter some of the stand-
ard tests (e.g. extraction conditions, exposure times). It is also
recommended that biocompatibility testing should be performed
separately on degradation products.

IN VIVO TESTING
To date, the preferable animal model for the assessment of coronary
stents has been the domestic crossbred or miniature swine model or
the rabbit iliac artery model.** In some situations, the sheep model
may also be used. As a general rule, preclinical testing should
be performed within the intended vascular territory, although
there may be instances in which a switch to a different vascu-
lar location may provide valuable information about the biological
behaviour of stents owing to the differential reaction to vascular
injury among species and vascular territories. The ideal control
should consist of a currently accepted standard of care in the spe-
cific indication for which the test product will be used clinically.
Standard measurements during histopathological assessment have
been described previously.* For the evaluation of BRS, it is impor-
tant to emphasize luminal dimensions during degradation. Acute
and chronic inflammation should be judged on the basis of acute
and chronic inflammatory cells. Special efforts should be made to
characterize the change in tissue composition during biodegrada-
tion by histopathology, focussing on both the extent and the nature
of neointimal tissue especially at the remnant sites of stent struts.
Correlation with intravascular imaging may be helpful in under-
standing changes in tissue composition. Intravascular ultrasound and
optical coherence tomography are important tools in the assessment
of coronary stents. Intravascular imaging is strongly recommended

in a subset of animals in studies of BRS, in order that stent degra-
dation and physiological vessel dimensions can be evaluated over
time.**¢ Measurements should be adjusted using reference area, to
compensate for growth during the study.*#

Regarding duration of follow-up, we recommend it should cap-
ture all relevant biological processes pertaining to stent safety. If
biodegradation of stents or stent components takes 1 year, evaluation
at time points beyond 1 year is necessary to appropriately assess
device safety. The addition of a late time point after bioresorption is
complete may be needed to document patency of the vessel, extent
of neointimal growth, and presence or absence of inflammation.
Arterial drug release can be examined by direct chemical determi-
nation or by use of radioactively labelled agents. Drug concentra-
tions in blood and major organs must also be determined, including
myocardium downstream in the territory of the target artery.

Degradation products need to be clearly defined with respect to
their physicochemical structure and in vivo biological behaviour. With
regards to the evaluation of polymeric components, gel permeation
chromatography is a suitable analytical method to assess molecular
weight and polydispersity index. For the assessment of mBRS, other
technologies may be applied to examine degradation products appro-
priately, such as chemical analysis, micro computed tomography
analysis, and scanning electron microscopy with element analysis.

Recommendations for clinical evaluation of
bioresorbable scaffolds

Many of the potential risks associated with BRS can be antici-
pated based on non-clinical evaluation. Only devices with satisfac-
tory non-clinical assessment should undergo clinical evaluation.
The Task Force suggests evaluation of current and future devices
according to a standard plan; an overview is shown in Figure 4.
In general, where recommendations are made with regards to the
numbers of patients to be enrolled, at least 50% of these patients
should be enrolled in Europe.

Initial human feasibility studies with BRS should be small-
sized (N=50-150), performed in selected patients, and including
Intravascular ultrasound and/or optical coherence tomography
imaging in addition to angiographic and clinical follow-up (see
Figure 4). These studies should support the claim of efficacy
and safety but also provide detailed information regarding ves-
sel-device interactions and bioresorption process. In this regard,
angiography and intracoronary imaging protocols should include
assessment at baseline, at 6-12 months after device implantation,
and at the time of claimed complete resorption (if longer than
12 months). Imaging can be performed at various time points in
different populations in order to reduce the burden of serial inva-
sive imaging assessment. These initial human studies may be
planned as single arm, prospective, observational studies. In addi-
tion, it may be reasonable to compare the performance of inves-
tigational BRS against angiographic and clinical benchmarks
derived from trials of conventional DES —using objective perfor-
mance criteria in a manner similar to that detailed in the earlier

report of the Task Force on coronary stents.! Such comparison



Evaluation of bioresorhable scaffolds
satisfactory completion of extensive, state-of-the-art non-clinical evaluation
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Figure 4. Task Force recommended clinical evaluation plan for
bioresorbable scaffolds. *the manufacturer must submit and have
approved by the notified body a plan for post-market clinical follow
up in the form of a large-scale, randomized trial+a large-scale
clinical registry. EP: end point; FU.: follow-up; RCT: randomized
controlled trial

may identify devices not suitable for further investigation in larger
trials. Imaging surveillance protocols with non-invasive modalities
such as computer tomography may be appropriate as supplemen-
tary evaluation in certain circumstances.

Subsequently a medium-sized, randomized trial (N=200-500)
should be undertaken, powered for the detection of differences
in surrogate end points in comparison with comparator devices.
This should be based on angiographic surveillance at 6-12 months
follow-up and include intracoronary imaging in a subgroup
of patients (N=50-100) to compare arterial healing properties.
Comparator devices should be contemporary metallic DES. It is
not sufficient to compare the investigational BRS against another
BRS technology at this point in time, as the performance of con-
ventional DES makes these devices the most appropriate compar-
ator. Surveillance angiography and intracoronary imaging during
later time points (2-5 years) may evaluate delayed late loss and
changes in response to the complete resorption of the BRS.

As a minimum requirement, both of these steps should be com-
pleted with satisfactory results, before any new BRS is approved
and granted a CE mark. As part of this process, the manufacturer
must submit and have approved by the notified body a plan for
post-market clinical follow-up; in the case of BRS this plan should
include the conduct of a large-scale, randomized trial, in order to
assess long-term clinical efficacy and safety. Most commonly this
will involve comparative efficacy testing against a benchmark DES
in a trial powered for a device- or patient-specific outcome (usu-
ally requiring a sample of 1500-2500 patients) (see Figure 4). Data
collection and analysis from a large-scale clinical registry including

BVS for PCI, executive summary of an ESC-EAPCI task force

patients with broader inclusion criteria and long-term follow-up
may also be requested (see Figure 4). An alternative concept would
be conditional approval, with continuing market access being
dependent on the conduct and satisfactory completion and reporting
of a large-scale trial, but we recognize that this mechanism is not
included in the new European Union Medical Device Regulation.

For the large-scale clinical trial, a non-inferiority design for the
assessment of outcomes within 1 year would be acceptable, but
sequential designs combining non-inferiority at 1 year followed
by superiority during longer term follow-up (3-5 years) are recom-
mended in order to evaluate the long-term effects of BRS. A device-
oriented composite end point —typically TLF— combines safety
and efficacy and is commonly used in device- vs.-device compari-
sons of DES. Primary end point assessment should be performed
at 9-12 months. Thereafter yearly follow-up out to 5 years is rec-
ommended in order to detect any late adverse event. A later time
point of primary end point assessment at 2, 3, or 5 years may also
be considered particularly in view of the specific bioresorption pro-
file of any given device. The assessment of stent/scaffold thrombo-
sis —according to established definitions for conventional metallic
DES*— should be performed at each time point of assessment.

During the conduct of trials in the post CE mark approval phase,
the Task Force recommends that provision be advised for device
reimbursement by payers at the price of the equivalent treatment
(conventional metallic DES).

Conclusion

Bioresorbable scaffolds represent a novel technology with potential
to improve the long-term outcomes of patients undergoing percutane-
ous coronary intervention. Presently, however, the clinical outcomes
of patients treated with conventional DES are good. Accordingly,
the benefit of BRS treatment over conventional stenting should be
clearly demonstrated before these devices are used in routine clini-
cal practice. Presently, five BRS have CE-mark approval for use in
Europe. Only one device —the Absorb bioresorbable vascular scaf-
fold — has published randomized clinical trial data and these data
show inferior outcomes to conventional DES. For this reason, at
present BRS should not be preferred to conventional DES in clinical
practice. New BRS devices should undergo systematic non-clinical
testing prior to evaluation in clinical studies. A clinical evaluation
plan should include data from a medium-sized, randomized trial
against DES powered for a surrogate end point of clinical efficacy.
Manufacturers of successful devices receive CE-mark approval for
use and must have an approved plan for a large-scale clinical trial

with planned long-term follow-up.
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