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Abstract

Background: The efficacy and safety of polymer-free stent (PFS) versus permanent polymer drug-eluting stent
(PPDES) in patients undergoing percutaneous coronary intervention (PCl) remain controversial. Our meta-analysis
was undertaken to evaluate and compare the efficacy and safety of PFS with those of PPDES in patients
undergoing PCl.

Methods: We searched PubMed, Cochrane Library, EMBASE, and Clinical Trials.gov databases for randomized
controlled trials (RCTs). The primary endpoints were incidence of stent thrombosis (ST) and target-lesion
revascularization (TLR). The secondary endpoints included the incidence of major adverse cardiovascular events
(MACE), myocardial infarction (MI), cardiac death (CD), late lumen loss (LLL), and diameter stenosis (DS). Subgroup
analyses were also conducted based on the follow-up time.

Results: Eleven RCTs met the including criteria, and 8616 patients were included in the study. No significant
differences were observed between PFS and PPDES treatments in the incidence of ST (RR 0.90; 95% Cl: 0.62-1.31;
P =058; F =0), TLR (RR 0.87; 95% CI: 0.76-1.00; P = 0.05; F* = 37%), CD (RR 0.89; 95% Cl: 0.72-1.10; P = 0.28; = 0),
MI (RR 0.87; 95% Cl: 0.71-1.05; P = 0.15; F = 0), LLL (SMD 0.01; 95% Cl: -0.29-0.30; P = 0.96; I> = 90%), and DS

(SMD -0.01; 95% CI: - 0.25 to 0.23; P = 0.93; I = 83%). Meanwhile, the patients with PFS had a lower incidence

of MACE (RR 0.87: 95% Cl: 0.78-0.97; P = 0.01; F = 0) than those with PPDES.

Conclusion: In the overall analysis, patients with PFS presented a lower risk of MACE versus PPDES, but no
significant difference were obtained in the risk of ST, TLR, MI, CD, DDD and DS. In the Short term follow up, patients
with PSF presented a lower risk of TLR compared with PPDES.
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Background

There are three-generation stents on the market that are
used for implantation in the treatment of patients with
ischemic heart disease. A representative of the first
generation is the bare metal stent (BMS), whereas the
drug-eluting stent (PPDES) is a second-generation stent,
and the biodegradable stent is a third-generation stent
[1]. Studies have shown that with the use of BMS in
clinical practice, there is a certain rate of restenosis after
implantation, which is usually within the range 10-30%
[2]. Several concerns emerged regarding the use of
PPDES, which have been associated with higher rates of
late stent thrombosis (ST), mainly attributed to delayed
healing and reendothelization, is due to the presence of
the durable polymer coating [3]. Another type of PPDES
is the polymer-free stent (PFS), which is a promising de-
vice designed to offer an attractive prospect of controlled
drug-release without the potential risk of late polymer-
associated adverse effects [4]. The polymer-free technol-
ogy has the potential advantage to reduce the inflamma-
tory and prothrombotic risks related to the utilization of
polymers [5]. Nevertheless, no differences between PPDES
and PFS in the endpoints of myocardial infarction (MI),
stent thrombosis (ST), and target-lesion revascularization
(TLR) were found in earlier clinical studies [6].

Our meta-analysis was undertaken to conduct a
comparative evaluation of the efficacy and safety of PES
and PPDES implanted in patients with ischemic heart
disease. The present meta-analysis was conducted in
compliance with the Preferred Reporting Items For
Systematic Review and Meta-analysis (PRISMA) [7].

Methods

Data sources and searches

Literature searches for RCTs were conducted in the
Cochrane Library, EMBASE, PubMed, and Clinical
Trials.gov databases for the period from January 1990 to
September 2016. The keywords used in the literature
search were “polymer-free stent”, “drug-eluting stent”,
“polymer permanent”, “durable polymer”, and “percutan-
eous coronary intervention”. A sensitive filter for
randomized controlled trials was utilized. In addition,
additional references were reviewed from the bibliog-
raphies of the retrieved articles of the selected trials
which were reviewed for the collection of additional
information.

Study selection

The literature records retrieved were screened by two
independent investigators, and any disagreements were
resolved by consultation with a senior investigator. To
be included, the studies had to meet the following inclu-
sion criteria: (1) patients undergoing PCI regardless of
whether it was elective or urgent; (2) randomized

Page 2 of 9

controlled trials that compared PFS versus PPDES; (3)
clinical outcomes were reported, such as CD ST, MI,
TLR, MACE, LLL, and DS; (4) the papers were
published in English. In studies with more than two
arms, we used data about PFS versus PPDES. Reviews,
meta-analysis, observational studies, and small-sample
trials (7 < 50) were excluded.

Data extraction and quality assessment

Two authors extracted clinical data independently using
a standardized extraction form, and other investigators
were consulted to discuss and resolve any disagreement.
The following information was collected from each in-
cluded investigation: title or author name of the clinical
investigation, publication year, baseline characteristics of
participants, total number of individuals per arm, mean
age, percentage of males and diabetes patients per arm,
as well as data regarding the intervention and length of
follow-up. The occurrence of endpoints abstracted from
each study included CD, MACE, MI, TVR, and ST;
mean and SD of LLL, and percent diameter stenosis. In
addition, information of blinding, random sequence
generation, allocation concealment, indications of incom-
plete outcome data, indications of selective reporting, and
other forms of bias was also collected to evaluate the
quality of each investigation.

Statistical analysis

Data were analyzed according to the intention-to-treat
principle. The effect size of clinical endpoints was
measured by using the risk ratio (RR) with 95% confidence
intervals (CIs). All P-values were two-tailed, with a
statistical significance level limit of 0.05. Heterogeneity
was assessed by the Cochran Q test and I statistic, a
Cochran’s P < 0.10 and I > 50 were considered to be
indicative of significant heterogeneity. Pooled analyses
were conducted using the fixed-effect model, whereas the
random-effect model was employed if there was hetero-
geneity. Publication bias was assessed using the funnel
plot and Begger’s tests. The Begger’s test was not
performed for the subgroup analyses due to the limited
number of studies. All endpoints were reported by total
and subtotal and subjected to subgroup analyses based on
follow-up periods categorized in two subgroups: Short
term (the follow-up is within one year) and Long term
(the follow-up is longer than one year). The primary end-
point was ST and TLR, whereas the other endpoints used
were secondary endpoints. Data analyses were carried out
using Review Manager (RevMan) software version 5.1
(The Cochrane Collaboration, Copenhagen, Denmark).
The Begger’s tests was used to evaluate the symmetry of
the funnel plot were performed using STATA software
version 11.1 (Stata Corp LP, College Station, TX, USA).
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Results

Search results

A total of 1427 relevant publications were identified
based on the search strategy, 118 of which were
reviewed as full publications (Fig. 1). Eleven studies
[6, 8—17] matched our selection criteria and were in-
cluded in the meta-analysis. The baseline characteristics
of the included studies are shown in Additional file 1:
Table S1. A total of 8616 participants were included in the
meta-analysis: 4813 for PFS and 3803 for PPDES. The
quality assessment indicators are detailed in Additional file
1: Table S2 and Figures 1 and 2.

Clinical Results

St

ST was the primary endpoint in this study. Total of 5465
participants were assigned to the PES arm group and
4454 participants to the PPDES arm group. As can be
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Table 1 Begger's test result of each endpoint

Endpoint P value of Begger’s test
ST 0213
CcD 0.228
MACE 0.244
Ml 0.721
TLR 0.371

seen in Fig. 2, no significant difference in ST was
detected between PFS and PPDES in the overall analysis
(RR 0.85; 95% CI: 0.63-1.15; P = 0.30; I° = 0). Also, no
significant difference was observed in the subgroup
analysis between PFS and PPDES neither in the Short
term subgroup (RR 0.90; 95% CI: 0.62—1.31; P = 0.58;
P = 0) nor in the Long term subgroup (RR 0.78; 95% CI:
0.48-1.27; P = 0.32; I’ = 0).

1429 of records identified
through database searching

0 of additional records identified
through other sources

!

‘987 of records after duplicates removed

869 of records excluded,
with resaons

Irrelevant articles(436)

Reviews(286)

987 of records screened

Animals trials(147)

EEE—

107 of full-text articles
excluded, with reasons

Related reviews(58)

118 of full-text articles
assessed for eligibility

Other stents compared(37)

Unavailable data(12)

11 of studies included
in qualitative synthesis

11 of studies included in
quantitative synthesis
(meta-analysis)

Fig. 1 Flow chart of literature retrieval and selection




Gao et al. BMC Cardiovascular Disorders (2017) 17:194

Page 4 of 9

Total events 84 85
Heterogeneity: Chi? = 2.27, df = 13 (P = 1.00); I = 0%
Test for overall effect: Z = 1.03 (P = 0.30)

PFS DES Risk Ratio Risk Ratio
A 1 0/ B i 0,

1.1.1 Within 1 year
DANG Qun et al 2012 1 50 1 55 1.1%  1.10[0.07,17.12]
ISAR-TEST 2 2012 3 333 3 33 33% 1.01[0.20, 4.95) N (A
ISAR-TEST 3 2015 1 201 3 202 33% 0.33[0.04, 3.19) —
ISAR-TEST 5 2011 22 2002 12 1000 17.9% 0.92 [0.46, 1.84) = il
LEADERS FREE 2015 24 1221 26 1211 29.2% 0.92 [0.53, 1.59] -
LIPSIA 2011 4 118 3 114  34% 1.29[0.29, 5.63] i i
NEXT 2012 1 148 1 148 1.1%  1.00[0.06, 15.84]
RESERVOIR 2016 1 56 2 56 22% 0.50 [0.05, 5.36) - I
Subtotal (95% Cl) 4129 3121 61.7% 0.90 [0.62, 1.31] ‘
Total events 57 51
Heterogeneity: Chi? = 1.25, df =7 (P = 0.99); I = 0%
Test for overall effect: Z = 0.55 (P = 0.58)
1.1.2 Longer than 1 year
FIM 2014 1 132 2 136 22% 0.52 [0.05, 5.61] i
ISAR-TEST 2 2012 1 225 3 225 34% 0.33[0.03, 3.18) N
ISAR-TEST 2012 4 333 4 335 45% 1.01[0.25, 3.99] N
ISAR-TEST 3 2015 3 201 4 202 45% 0.75[0.17, 3.32) S
LIPSIA 2011 13 118 15 114 17.1% 0.84 [0.42, 1.68) i
Yue Zhang et al 2013 5 327 6 321 6.8% 0.82[0.25, 2.65) -
Subtotal (95% Cl) 1336 1333 38.3% 0.78 [0.48, 1.27] <
Total events 27 34
Heterogeneity: Chi? = 0.84, df = 5 (P = 0.97); I? = 0%
Test for overall effect: Z = 0.99 (P = 0.32)
Total (95% Cl) 5465 4454 100.0% 0.85[0.63, 1.15]

Test for subaroun differences: Chi? = 0.20. df = 1 (P = 0.66). I? = 0%
Fig. 2 The risk ratio analysis of ST between patients with PFS and PPDES
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TLR

TLR was also a primary endpoint of our investigation. A
total of 4805 participants were included in the PES arm
group and 3798 participants in the PPDES arm group. A
lower incidence of TLR in PFS arm than PPDES arm in

the Short term analysis (RR 0.82; 95% CI: 0.70-0.96;
P = 0.01; I* = 53%). However, as depicted in Fig. 3, when
consider the overall analysis (RR 0.87; 95% CI: 0.76-1.00;
P = 0.05; 7 = 37%) and long term follow-up (RR 1.08; 95%
CI: 0.80-1.14; P =; I = 0), no significant was observed.

N
PFS DES Risk Ratio Risk Ratio
0/ 0/
1.5.1 Within 1 year
DANG Qun et al 2012 5 50 4 55 1.0% 1.38[0.39, 4.84]
ISAR-TEST 2 2012 29 333 30 335 75% 0.97 [0.60, 1.58]
ISAR-TEST 3 2015 16 201 12 202 3.0% 1.34 [0.65, 2.76]
ISAR-TEST 5 2011 200 2002 100 1000 33.5% 1.00 [0.80, 1.25]
LEADERS FREE 2015 60 1221 115 1211 29.0% 0.52[0.38, 0.70] -
LIPSIA 2011 12 118 14 114 36% 0.83 [0.40, 1.71] il [
NEXT 2012 7 148 9 148 23% 0.78 [0.30, 2.03] -/
RESERVOIR 2016 3 56 5 5 13% 0.60 [0.15, 2.39] = 1
Subtotal (95% Cl) 4129 3121 81.1%  0.82[0.70, 0.96] ¢
Total events 332 289
Heterogeneity: Chi? = 14.92, df = 7 (P = 0.04); I* = 53%
Test for overall effect: Z = 2.48 (P = 0.01)
1.5.2 Longer than 1 year
FIM 2014 8 132 7 136 1.7% 1.18 [0.44, 3.16] =
ISAR-TEST 2012 34 225 33 225 83% 1.03 [0.66, 1.60] T
ISAR-TEST 3 2015 21 201 17 202 4.3% 1.24 [0.68, 2.28] T
LIPSIA 2011 18 118 18 114 46% 0.97 [0.53, 1.76) -1
Subtotal (95% Cl) 676 677 18.9% 1.08 [0.80, 1.44] 2
Total events 81 75
Heterogeneity: Chi? = 0.40, df = 3 (P = 0.94); I = 0%
Test for overall effect: Z = 0.49 (P = 0.63)
Total (95% CI) 4805 3798 100.0% 0.87 [0.76, 1.00] ¢
Total events 413 364 ) . ) )
Heterogeneity: Chi? = 17.58, df = 11 (P = 0.09); I* = 37% ¥ : y \
Test for overall effect: Z = 2.00 (P = 0.05) 0'0;8\,0(:":5 [PFS]1 Favourl(;DE;]oo
Test for subaroup differences: Chi? = 2.54. df = 1 (P = 0.11). I = 60.6%
Fig. 3 The risk ratio analysis of TLR between patients with PFS and PPDES
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PFS DES
1.2.1 Within 1 year
ISAR-TEST 2 2012 44 333 46 335 76%
ISAR-TEST 3 2015 7 201 5 202 08%
ISAR-TEST 5 2011 258 2002 132 1000 29.1%
LEADERS FREE 2015 112 1221 154 1211 25.5%
NEXT 2012 9 148 10 148 1.7%
Subtotal (95% ClI) 3905 2896 64.7%
Total events 430 347
Heterogeneity: Chi? = 4.83, df =4 (P = 0.31); P = 17%
Test for overall effect: Z = 1.89 (P = 0.06)
1.2.2 Longer than 1 year
FIM 2014 10 132 8 122 14%
ISAR-TEST 2 2012 52 333 68 335 11.2%
ISAR-TEST 2012 57 225 65 225 10.7%
ISAR-TEST 3 2015 13 201 14 202 23%
LIPSIA 2011 35 118 36 114 6.0%
Yue Zhang et al 2013 19 327 22 321 37%
Subtotal (95% CI) 1336 1319 35.3%
Total events 186 213
Heterogeneity: Chi? = 1.12, df = 5 (P = 0.95); I* = 0%
Test for overall effect: Z = 1.62 (P = 0.11)
Total (95% Cl) 5241 4215 100.0%
Total events 616 560
Heterogeneity: Chi? = 5.96, df = 10 (P = 0.82); I = 0%
Test for overall effect: Z = 2.47 (P = 0.01)
Test for subaroun differences: Chi? = 0.02. df = 1 (P = 0.90). 2 = 0%
Fig. 4 The risk ratio of MACE between patients with PFS and PPDES
.
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Fig. 5 The risk ratio analysis of CD between patients with PFS and PPDES
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Test for overall effect: Z = 1.44 (P = 0.15)

Fig. 6 The risk ratio analysis of MI between patients with PFS and PPDES
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Mace

There were 5241 participants assigned to PES arm
and 4215 participants in PPDES arm group. The
overall pooled analysis suggested that PFS decrease
the risk of MACE compared with PPDES (RR 0.87;
95% CI: 0.78-0.97; P = 0.01; 2 = 0). Whereas, there
was no significant difference shown in both Short
term subgroup analysis (RR 0.88; 95% CI: 0.77-1.01;
P = 0.06; F = 17%) and Long term subgroup analysis
(RR 0.86; 95% CI: 0.73-1.03; P = 0.11; I* = 0). Details
are shown in Fig. 4.

cd

A total of 5465 participants were included in the PES
arm and 4454 participants in PPDES arm groups. The
incidence of CD in PFS arm was similar to PPDES arm

both in overall analysis (RR 0.89; 95% CI: 0.72-1.10;
P = 0.28; I? = 0) and subgroup analysis (Short term sub-
group: RR 0.88; 95% CI: 0.67-1.16; P = 0.36; I = 0; Long
term subgroup: RR 0.90; 95% CI: 0.64-1.27; P = 0.56;
P = 0) as shown in Fig. 5.

Mi

A total number of 5138 participants were included in
PES arm and 4133 participants in PPDES arm group.
The incidence of MI in PFS arm was similar to PPDES
arm both in overall analysis (RR 0.87; 95% CI 0.71-1.05;
P = 0.15; I = 0) and subgroup analysis (Short term sub-
group: RR 0.80; 95% CI: 0.64—0.10; P = 0.05; I = 0; Long
term subgroup: RR 1.14; 95% CI: 0.76-1.69; P = 0.53;
P = 0). Details are displayed in Fig. 6.
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Heterogeneity: Tau? = 0.11; Chi? = 60.66, df = 7 (P < 0.00001); I* = 88%
Test for overall effect: Z = 0.16 (P = 0.87)

Fig. 7 Standard mean difference (SMD) with 95% Cls of LLL
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Experimental Control

Mean D

163 78 55 10.

DANG Qun et al 2012

171 85 50
ISAR-TEST 2 2012 20 171 333 201 1638 335
ISAR-TEST 3 2015 178 99 201 158 113 202
LIPSIA 2011 39 22 118 3 20 114
Nano RCT 1946 936 215 1916 925 215
NEXT 2012 12.58 1223 162 18.66 1145 161
RESERVOIR 2016 13.01 1001 56 14.69 2155 56

Total (95% Cl) 1135 1138
Heterogeneity: Tau? = 0.05; Chi? = 29.29, df = 6 (P < 0.0001); I = 80%
Test for overall effect: Z = 0.04 (P = 0.97)

Fig. 8 Standard mean difference (SMD) with 95% Cls of DS
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LLL and DS

The number of participants assigned to PES arm group
were 967, and 979 participants in PPDES arm reported
the endpoint of LLL. The meta-analysis of LLL demon-
strated that PFS was associated with a similar risk
compare with PPDES (SMD 0.01; 95% CI: -0.29-0.30;
P = 0.96; 12 = 90%) as shown in Fig. 7. Total of 920
participants were assigned to the PES arm and 923
participants to the PPDES arm included for the endpoint
of DS. There was no difference between PFS and PPDES
in the endpoint of DS (SMD -0.01; 95% CI: - 0.25 to
0.23; P = 0.93; 12 = 83%) as illustrated in Fig. 8.

We obtained similar overall results after excluding
each individual study (Fig. 9), which demonstrated that
our study had good stability. No significant evidence of
publication bias was obtained from the Begger’s test for
these endpoints (Table 1).

Discussion
Eleven investigations involving nearly 10,000 participants
were included in our study to compare the efficacy and

safety between PFS and PPDES. To the best of our
knowledge, this is the most updated and comprehensive
meta-analysis up to now. In the overall analysis of this
meta-analysis, we found that the use of PFS was associ-
ated with a lower incidence of TLR and MACE than that
observed in the group in which PPDES was utilized.
Meanwhile, PFS decreased the risk of TLR and MI in
Short term subgroup.

The first clinical investigation comparing the effects of
PFES versus those of PPDES is LIPSIA [6] which reported
that PFS and PPDES was associated with similar clinical
results. Subsequent clinical investigations confirmed this
finding, such as ISAR-TEST, [10] ISAR-TEST?2, [11] and
ISAR-TEST5 [13]. However, the LEADERS FREE [14]
investigation indicated that PFS was associated with a
lower risk of TLR, MACE, and CD compared with
PPDES. With the development of scientific research,
more clinical investigations compared the effects of PFS
with those of PPDES emerged, and thus a meta-analysis
was needed to be conducted to integrate this compre-
hensive information.
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This is the second meta-analysis that compares the
efficacy and safety of PFS with those of PPDES. The
first comparative meta-analysis demonstrated that
these two devices were equally effective regarding the
incidence of ST, TLR, and TVR over a short and a
long follow-up periods [18]. In our analysis, we found
that PFS was associated with a lower incidence of
TLR and MACE, and also led a continuous decrease
in the incidence of TLR and MI in Short term
follow-up compared with PPDES. The difference
between the results of our study and those of the first
meta-analysis might be due to the fact that we
included data from newer clinical investigations, such
as NEXT, [15] LEADERS FREE [14] and RESERVOIR
[16]. Furthermore, we conducted analysis of more
endpoints than this study such as the incidence of
MACE, LLL and DS. In addition, clinical trials
included in our study are associated with good quality
and the quality of these included articles were evalu-
ated in detail. We conducted Begger’s test and sensi-
tivity analysis to detect the publication bias and the
stability of these included investigation are very well.
The findings of a pooled analysis of two RCT investi-
gation published in 2013 which included 686 patients
suggest that PFS and PPDES has similar degree of
LLL at angiographic surveillance, as well as a similar
risk of death, target-lesion revascularization, and MI
[19]. However, this pooled analysis only reported
short follow-up period and included a limited number
of patients. Furthermore, publication bias and sensi-
tivity analyses were not detected in this evaluation.

The findings of this study should be interpreted
cautiously as there are some limitations that should be
considered. First, due to the limited number of clinical
investigations included and the small sample size, the
power of our analysis is restricted. Second, the differ-
ences in patients’ clinical conditions, including drug dif-
ferences, could be confusing and invalidate the results.
Third, the various drug types coated with the stent in
each clinical investigation might have caused heterogen-
eity. Finally, due to various limitations in the quality of
some of the evidence, large RCTs are needed to confirm
their efficacy and safety profiles of both types of stents
in clinical practice.

Conclusion

In the overall analysis, PFS is associated with a lower
risk of MACE versus PPDES, but no significant
difference were obtained in the risk of ST, TLR, MI, CD,
DDD and DS. In the Short term follow up, PSF is associ-
ated with a lower risk of TLR compared with PPDES.
These results are not absolutely beyond doubt and need
to be confirmed by more high-quality RCTs.
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