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The ABSORB (Abbot Vascular, Santa Clara, CA, USA)
bioresorbable vascular scaffold (BVS) has been conceived
to address some residual shortcomings of metallic drug-
eluting stents (DES), including very late thrombosis
and loss of vasomotion due to permanent caging of the
coronary vessel. In Europe, BVSs were approved in 2011
mainly based on data from the ABSORB study, a two-
stage single-arm investigation with multimodal imaging
assessment including a total of 131 patients (1,2). To further
investigate the device in a broader population and support
European commercialization and reimbursement activities,
the manufacturer initiated ABSORB II, a randomized
controlled trial of 501 patients, where BVSs were tested on
two surrogate co-primary endpoints (i.e., vasomotion and
late lumen loss) against the cobalt-chromium XIENCE
(Abbott Vascular, Santa Clara, CA, USA) everolimus-eluting
stent (EES) (3). Interim 1-year results of ABSORB II have
been published in 2015, showing no significant differences
between BVSs and EESs, but these findings are at best
hypothesis generating, due to the low statistical power of
the study for clinical endpoints (4).

In the United States, China and Japan, other randomized
comparisons versus EESs have been conducted to
support approval by local regulatory authorities. The
ABSORB III trial (N=2,008) was designed as a non-
inferiority study, with a margin of 4.5% for the putative
risk difference between BVSs and EESs in 1-year target
lesion failure (TLF, a composite of cardiac death, target
vessel myocardial infarction and ischemia-driven target-
lesion revascularization) (5). This margin of non-inferiority
was selected based on Food and Drug Administration
(FDA) recommendations, in that it represents the 50%
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of the lower boundary of the 90% confidence interval
of the treatment effect for EESs as compared with bare
metal stents. ABSORB 3 showed a risk difference in 1-year
TLF of 1.7% (7.8% in the BVS group and 6.1% in the
EES group), with the 95% upper bound of the confidence
interval corresponding to 3.9%, a figure below the pre-
specified non-inferiority margin (6). ABSORB China was
also designed under a non-inferiority assumption, but
the trial was powered only for a 0.15 mm margin in the
difference of 1-year in-segment late lumen loss. This resulted
into a smaller sample size than ABSORB 3 (N=480), but non-
usable conclusions at the clinical level. The difference in 1-year
in-segment late lumen loss was 0.06 mm (0.19+0.38 mm in the
BVS group and 0.13+0.38 mm in the EES group), and the
upper bound of the confidence interval was just 1 mm below
the non-inferiority threshold (7). ABSORB Japan used a
wide non-inferiority margin for the difference in 1-year
TLF (8.6%), based on an agreement with the Japanese
Pharmaceutical and Medical Device Agency, which resulted
in a small sample size (N=400). The trial showed a 0.4%
risk difference in 1-year TLF between BVSs and EESs
(4.2% in the BVS group and 3.8% in the EES group), and
the upper bound of the confidence interval was 4.0% (8).
The sample size of Absorb Japan was sufficient to power
a test of non-inferiority for late lumen loss at 13 months,
using a 0.20 mm non-inferiority margin, which ultimately
showed a difference of 0.01 mm (0.13+0.30 mm in the
BVS group and 0.12+0.32 mm in the EES group), with a
0.06 mm upper bound of the 95% confidence interval.
The 1-year results of the 4 ABSORB randomized trials
invoke the idea of BVSs being non-inferior to EESs.
Non-inferiority designs are used and perhaps abused
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in contemporary trials of new coronary devices, which
unfortunately does not contribute to progress significantly
the field of interventional cardiology (9). In the case of
BVSs, one may advocate that establishing non-inferiority at
1 year is enough for a device whose benefits over metallic
DESs are expected to accrue after bioresorption. The
ABSORB 1V trial (NCT02173379), which is currently
testing the hypothesis that BVSs are noninferior (with reflex
to superiority) to EESs in the landmark analysis of TLF
between 1 and 5 years, will contribute to define the role of
BVSs in modern practice. In the meantime, taken separately,
all the ABSORB trials have limitations in the strength of
their clinical conclusions. Indeed, ABSORB II and ABSORB
China were not statistically powered for clinical outcomes,
ABSORB Japan used a wide non-inferiority margin and had
a lower than anticipated event rate, and ABSORB III was
not designed to address individual endpoints or to exclude
small differences in TLE.

When independent trials are not sufficient to address
the effect of an intervention, meta-analyses increase the
statistical power of treatment comparisons beyond that
of individual studies, with the ultimate goal of informing
clinical practice and guiding healthcare decisions. But what
happens if a plethora of meta-analyses of BVSs vs. EESs
become simultaneously available on the same topic and
display mixed results? 7zble I summarizes the characteristics
and results of 5 meta-analyses of BVSs versus EESs
published in 2016. Stone ez al. pooled 3,389 patients from
the 4 ABSORB trials on a patient-level basis (10). Cassese
et al. (12) and Bangalore er al. (13). combined study-level
data of 3,738 patients from the ABSORB trials and two
additional small investigator-driven randomized studies
of BVSs versus EESs named EVERBIO 2 and TROFI 2
(15,16). Lipinski et 4l. also combined study-level data but
included only two randomized studies (ABSORB II and
TROFI 2) and a number of non-randomized comparisons (11).
Finally, Kang er a/l. performed a network meta-analysis of
147 stent and scaffold trials, where the comparison of BVSs
and EESs represents just one node of the framework, and
the results reflect the combination of direct and indirect
evidence estimates (14). When appraising if consistency
exists in the results of overlapping meta-analyses of BVSs,
a first major conundrum is that these results have not
been uniformly reported for all the potential endpoints of
interest. Also, the available follow up was shorter in the
meta-analysis of Lipinski ez /. (11), and in some cases there
was a variation in endpoint definitions (i.e., myocardial
infarction as opposed to target-vessel myocardial infarction;
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target lesion revascularization as opposed to ischemia-driven
target lesion revascularization). The device-oriented clinical
endpoint of TLF was appraised by only two meta-analyses
(10,12) and shown to be similar between BVSs and EESs.
Similarly, none of the meta-analyses displayed a difference
in all-cause and cardiac death. Myocardial infarction
was significantly increased only in the meta-analysis
from Lipinski et al. (11), but trended towards statistical
significance in the other four studies. Target-lesion and
target-vessel revascularization did not differ between BVSs
and EESs. Finally, a consistent finding across all meta-
analyses was the approximately 2-fold increase in definite or
probable device thrombosis with BVSs, which was significant
in three out of five studies (11,12,14). Overlapping meta-
analyses can result in a certain degree of ambiguity when they
come to discordant conclusions (17). Indeed, the conclusions
of the abstract of these meta-analyses also sound different,
ranging between the positive outlook of Stone et al. (“BVS
did not lead to different rates of composite patient-oriented and
device-oriented adverse events at 1-year follow-up compared with
cobalt-chromium EESs”) (10), and the negative viewpoint
of Lipinski et al. (“BVS bad increased definite/probable device
thrombosis and myocardial infarction during follow-up compared
with DES”) (11).

How can we reconcile all the disparate results and
conclusions of the five meta-analyses of BVSs vs. EESs in
view of their non-uniform eligibility criteria, and overall
differences in target population analyzed, follow up and
endpoint definitions? One way is to realize individual
strengths and weaknesses of these studies. Patient-level
meta-analyses allow better alignment of definitions and
follow-up, and enable ancillary tests that would be unfeasible
at the study-level. These latter include generating time-to-
event curves, identifying independent prognostic factors,
and testing for interaction effects. As such, the meta-analysis
from Stone ez 4l. provides the reader with unique insights—
for example, over the distribution of TLF events at follow-
up (i.e., with a steep rise in the first month, followed by
continuous increase up to 12 months) and the detrimental
impact of baseline conditions (i.e., diabetes, small vessels,
and/or complex angiographic features) (10). Study-level
meta-analyses such as those by Cassese er 4/. and Bangalore
et al. are more flexible in that they can incorporate data
pertaining to trials whose full datasets have not been made
available (i.e., EVERBIO 2 and TROFI 2). Notably, only
Cassese er al. reported on subacute thrombosis, which was
significantly increased in the BVS arm (12). Bangalore
et al. used 5 different pooling models and complemented

7 Thorac Dis 2016;8(7):1366-1370



Capodanno. Meta-analyses of bioresorbable scaffolds

1368

*S|el} [edIul|0 paziwopued ‘S| DY S8Ipnis [euoljeAIasqo ‘SO :0l1ed SPPo ‘HO ‘8|ge|ieAe 10U ‘YN :[eAtslul

8|qIpaI0 ‘MO {[eAJBIUI 8OUBPLUOD ‘| ‘JUSlS Buin|e-SNWIj0IEAS ‘ST {PIOLYBOS JBINOSEA 9|geqlosalol]q ‘SAg "SSIT 'SA SSAY 40 uosuedwod sy Jo) pake|dsip aie sezis 10843

N
(02'8-06'0) 61°2
(9v'28-15'0) 60°1
VN
N
(€v"'8-65°0) 861
(629-L0'1) 822
VN
(6t 1L-120) €0'L
N
(¥8°1-€9°0) 80}
VN
VN
(€1'2-66°0) v¥'L
(9v's-€1°0) 6€°L
(eLc2s0 gL'l
VN
Jeah |
SLOY /YL
(1D %56) HO
S}o8jje-wopuey
9zs'oeL
9162
G1L0g JequaoeQ
ueiseleg
12 00Vr
9loe

VYN
(68'7-76'0) SL'C
VYN
VN
VYN
VN
(L¥'7-66°0) LL'C
N
(Se'1L-¥2"0) 00°L
VYN
(#G'1-€2°0) 90"}
VN
VYN
(98°1-86'0) G€'L
(ev'v-€v°0) 6€°L
(e€'c-€50) LL'L
VN
(uesw) syjuow ¢ |
SIOH 9
(10 %S6) "d
S109y49-paxi4
8e/l'e
N
G10g JoquanoN
[ons] Apmis
[olpeD U]
9lLoe

VYN
(91'7-6'0) 86°L
VYN
(eg' vz LLe
(L2°1-20"0) 9€°0
VYN
(86'€-00"}) 66}
VN
N
(L2 -v20)elt
(ev'1-99°0) 26°0
VYN
VN
(68°1-86°0) 9€'L

N
(00°2-5+°0) 6°0
(09°'1-06°0) 02" L
(ueipawi) Jeak |

SIOH 9
(10 %56) HO
S109y9-paxid

8eL'e

WA
G1L0g 4990300
[oAs] Apmis
j90UET

910¢

N
(9v'v-28°0) 16°}
N
VN
N
(€6'5-69°0) 202
(86°¢-20'1) 90°2
VN
N
N
(52 1-81"0) £2°0
N
VN
(czz-Le 1) 902
(85°1-2¥'0) 18°0
(90°'1-G1°0) O¥'0
VN
(ueaw) syjuow 9
SSO L ‘SIOH 2
(1D %56) HO
S]08y9-wopuey
8607
617
glog Ainp
[ons] Apmis
12 00Vr
9Loe

(L5'81-82°0) 82'2
(€0'6-68'0) 90°2
(9G'ce-es0) 0Ly
VN
N
(rev—-220)92°L
(52v-26'0) 60°C
(c9'1-08°0) ¥L'L
VYN
6L1-€2°0) ¥1°L
VN
(0e'1-08'0) ¢0'L
(L0'2-20°1) Sv'L
(58°'1-26"0) ¥E'L
(e8'v-€€0) 92’}
(69'c-2¥'0) 2L'L
(r9°'1-16°0) 22’1
Jeak |
SLOd ¥
(10 %56) dd
S}08}40-paxi4
68¢'c
VN
G102 4890300
[oAB|-1usEed
jooue]

910¢

SISOQUIOIY} 92IASP 8|qeqold
SISOQUIOIY} 90IASP d)uleQd
are
a1noeqgng
a1noy
Aleg
SISOQIOL] 821A8p d|geqo.d Jo ajuysqg
UaALIP-BIWBYOS|
uoleziie|nosenal [assen-1abiel
USALIP-BILBYOS|
uoleziie|nosenal uolss|-1obie|
uoleziie|noseal ||y
uonoJeyul [e1psedoAw [9ssan jebiel
UoI10JBJUI [BIPIEDOAIN
yiesp oelpied
yresp asneo-||y
aln|ie} uoisa)| 1061e]
dn mojjo4
papnjoul selpnig
ainsesw Arewwng
[8PON
sjualjed psjood
SoIPN}S PaULaIOS
91ep yoless
adAL
[euinop

aep uoNeolangd

(1) e 18 Buey

(s1) e 18 210EBUEY

(1) /e 10 @sassen

(L1) 18 38 Disuid

(01) ‘e 18 suoIS

onsusioeseyd Apnig

SHA $a SAF Jo sasA[eue-viow Surdderoa 1 o[qey,

7 Thorac Dis 2016;8(7):1366-1370

jtd.amegroups.com

© Journal of Thoracic Disease. All rights reserved.



Journal of Thoracic Disease, Vol 8, No 7 July 2016

their study with a trial sequential analysis indicating the
lack of a strong evidence for a hypothetical 30% increase in
device thrombosis with BVSs when compared with EESs,
thus concluding that the current accumulated information
size is underpowered to make any firm conclusions (13).
Lipinski e 4/. included more patients than did the other
meta-analyses, extending their inclusion criteria to single-
arm and case-control observational studies reflecting less
selected populations than in the trial setting (11). This
also allowed the authors to provide summary estimates
for a wide range of clinical outcomes, and to run meta-
regressions on the impact of variables such as prevalence
of acute coronary syndromes in the study population and
date of study initiation. Finally, the network meta-analysis
approach chosen by Kang et 4/. permitted to incorporate
the direct evidence from the available trials of BVSs vs.
EES and the indirect evidence from bare metal stents and
DESs trials using common comparators. This enabled a
consolidated ranking of contemporary coronary devices for
the outcome of 1-year definite or probable thrombosis, with
BVSs positioned at the lower end of the safety spectrum,
at the same level of paclitaxel-eluting stents and bare metal
stents (14).

In conclusion, which of the meta-analyses published so
far is the most applicable to the important clinical question
of the efficacy and safety of BVSs in current practice, and
which one is the most methodologically sound? At this
early stage of data collection (i.e., with only <l-year data
available in most BVSs studies), and because judgment
inevitably involves assigning subjective weights to pros and
cons of each meta-analytical approach, the answer may be
arbitrary. The reader may personally refer to published
methods and checklists to map the quality of the 5 meta-
analyses described in this article, and come to a personal
conclusion (17).

An FDA panel has recently reached a consensus on the
fact that BVS is an effective treatment and most panelists felt
that the benefits of scaffolds outweigh the risks (18). Residual
skeptics and purists will contend that even meta-analyses of
BVSs vs. EESs have not reached the sufficient information
size to address important residual safety and efficacy
questions, particularly at long-term. Indeed, these studies
cannot rule out (but also cannot conclusively demonstrate)
that BVSs increase thrombosis and myocardial infarction
compared with best-in-class DESs at one year, but the similar
risk of TLF is reassuring and supports the use of BVSs in
current practice for selected patients and lesions.

To reflect the evolving knowledge in the field, BVSs
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meta-analyses will continue to be regularly updated as new
studies become available. When preparing and submitting
a new meta-analysis, the authors should take responsibility
for trying to advance meaningfully the field and fairly
evaluate the added value of having a new publication on the
same topic. Similarly, peer reviewers and editorial boards
should carefully evaluate the incremental qualities of new
meta-analyses under review, to prevent the proliferation of
overlapping meta-analyses bringing more confusion than

clarity.
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