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Abstract: Background: Drug- eluting balloon (DEB) and drug- eluting stent (DES) are widely used in cardiovascular
interventional surgery. But the long-term safety of DEB is unclear. Objective: To compare the efficacy and safety of DEB with
DES for the treatment of de novo coronary artery disease (CAD). Methods: We conducted a meta-analysis of relevant studies
identified in the Pubmed, Embase, and Cochrane Library databases. Random and fixed effects models were used to calculate
the relative risks (RR) and standard mean differences (SMD) with 95% confidence intervals. Results: Nine studies in 1946
patients were included in this analysis. There was no significant difference in the primary endpoint of major adverse
cardiovascular events (MACE) or in the efficacy endpoint of late lumen loss (LLL) between the DEB and DES groups. For
follow-up < 12 months, there was no significant difference between DEB and DES for each MACE component, including
target lesion revascularization (TLR), stent thrombosis (ST), myocardial infarction (MI), and death. However, a lower risk for
MI and death was observed for DEB when the follow-up time was > 12 months. Conclusion: DEB is equivalent to DES for the
treatment of patients with de novo CAD and appears to represent a safer option for long-term treatment of this patient
population.
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DES, including delayed healing, endothelial dysfunction,
need for long-term dual antiplatelet therapy (DAPT), late ST,
and persistent restenosis, which can mainly be attributed to
the permanent placement of non-degradable stent platforms
[6, 7]. These limitations of DES have spurred the
developments of the latest advancement in percutaneous
coronary interventions (PCI) including bioabsorbable
vascular scaffolds (BVS) and DEB. DEB was first indicated
for the treatment of in-stent restenosis (ISR) according to
ESC/EACTS guidelines on myocardial revascularization
(Class IIA, Level B) in 2014 [8]. Soon afterwards, several
clinical studies examined the efficiency of DEB for the

1. Introduction

The outcome of a recent meta analysis [1] has raised
concerns about the use of paclitaxel drug-coated devices such
as DES and DCB in femoropopliteal artery occlusive disease,
and in the treatment of peripheral arterial disease and
coronary artery disease (CAD) in general. DES is an
important part of interventional treatment for occlusive CAD
[2, 3] and both clinical studies and real-world data have
shown that it can significantly reduce the rate of delayed
restenosis or late restenosis compared with bare metal stents
(BMS) [4, 5]. However, the there are some challenges for
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treatment of ISR, bifurcation, and small vessel diseases [9,
10]. The benefit of DEB in the treatment of ISR has been
demonstrated in several randomized trials. However,
compared with DES, the role of DEB in the treatment of de
novo lesions remains unclear, as previous studies have been
limited by small sample sizes and no unanimous conclusion
has been reached. Additionally, evidence for the long-term
outcomes of DEB use are insufficient. In the current
meta-analysis, we sought to systematically examine the
safety and efficiency of DEB in the treatment of de novo
CAD and to clarify the potential indications, benefits, and
limitations of this treatment strategy.

2. Method

2.1. Literature Search Strategy

We searched the Embase, PubMed, and Cochrane Library
databases up to 19 October 2019 to identify potential studies
in any language using the following key words: “drug coated
balloon” OR ‘drug eluting balloon” AND “drug coated stent”
OR “drug eluting stent”. All included studies had been
approved by an ethics and institutional review committee. The
present analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.

2.2. Selection Criteria and Data Extraction

The inclusion criteria were (1) randomized controlled trial
(RCT) or observational study; (2) patients with de novo CAD;
and (3) patients treated with DEB and DES. Exclusion criteria
were (1) patients with stent restenosis; (2) intervention of
DEB plus BMS; (3) incomplete endpoint data; and (4)
systematic review or meta-analysis studies.

2.3. Quality Assessment

We evaluated the quality of randomized trials using the
Cochrane Collaboration risk-of-bias tool. [11] The evaluation
included randomization and allocation concealment, blinding
of participants and researchers, blinding of outcome
assessments, reporting on dropouts, and selective reporting
(Table 1). The quality of observational studies was evaluated

using the Newcastle—Ottawa Scale (NOS). [12]
2.4. Endpoints

The primary endpoint was MACE, which included safety
outcomes such as TLR, MI, death, ST. The secondary
endpoint and efficacy outcome was LLL (calculated as the
difference of in-stent minimal lumen diameter [MLD]
between measurements immediately after the procedure and at
follow-up). Target ST was defined as new angiographically
verified coronary occlusion in a previously treated lesion. The
components of MACE in each study are listed in Table 2.
Death was defined as all-cause death. Where data on all-cause
death were not available, the most appropriate available
endpoint (e.g. cardiac death) was used.

2.5. Data Synthesis and Analysis

We conducted the meta-analysis using R software (version
34.4, “meta” package; R Foundation for Statistical
Computing, Vienna, Austria. http://www.R-project.org/). The
relative risk (RR) and 95% confidence interval (CI) were
calculated for categorical variables and standard mean
difference (SMD) with 95% CI for continuous variables. I*
represented heterogeneity among studies, with I* > 50%
considered as heterogeneity. We performed sensitivity
analyses to identify reasons for variability. If the reason for
variability could not be determined, a random effects model
was used; otherwise, a fixed effects model was used. Egger
tests were used to assess publication bias, with values of P <
0.05 considered statistically significant.

3. Results
3.1. Characteristics of Included Studies

Out of a total of 2553 potential studies screened, 9 studies
including 1946 patients were eligible for inclusion. [13-22]
Figure 1 shows the screening process for studies. Among the
included 9 studies, there were 6 RCTs and 3 observational
studies. All included patients had de novo CAD. The main
endpoints were specified for all included trials, with follow-up
durations of 1-36 months. Table 1 shows the characteristics of
the included studies.

cochrane library and embase database respectively

627, 337 and 1589 potentially relevant studies were searched from pubmed,

Stage 1: review of title and abstract ¢

Excluded N=2514 (repetition, editorial, reviews, patients did

not fulfill inclusion criteria)

v

| 39 studies were included after title and abstract screened ‘

h -«
Stage 2: review of full text

Excluded N=30(interventions were not fulfill inclusion

criteria, data were not available)

v

‘ 9 studies finally included in this meta-analysis ‘

Figure 1. The screening process for studies.
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Table 1. Characteristics of included studies.
Reference Primary
Study Design Intervention Patients Age, year diameter, Setting endpoint MACE
Year mm (follow-u (follow-up, mts)
p, mts)
™
Alietal o SeQuentt Please DAY e 629481 2782032 capip In-segment LLL  TLR, ML, ST,
2011 © ST 39 584+9.8 2754030 diabetics ©) cardiac death (9)
BELLO IN.PACT Falcon DEB 90 64.8+8.5 2.15+0.27 small vessel de in-stent/ death. ML TLR
2012,2015 "2odomised iy s iberte’ DES 92 664490 2264024 novo CAD E‘g;'ba”"‘m) LLL (6,12, 24, 36)
PICCOLE randomised Dior DEB 28 6819 2.4540.28 small vessel de  per cent diameter death, Q-wave
TO 2010 Taxus Liberté DES 29 67+10 2.36+0.25 novo CAD stenosis (6) ML, TLR (9)
Sinaca cf al SeQuent Please DEB 172 61.0+11.8  2.2240.30 small vessel de Death, MI,
g observational Resolute Integrity, Xience Not mention revascularization

2016 . . 163 61.24+10.7  2.44£0.18 novo CAD

Biomatrix DES (12)
Gobié et al ndomisad SeQuent PleaseDEB 37 543+10.6  2.611+0.49 STEMI LLL and MACE ;:;rr(llfl::cgezrilth:rLR
2017 ° Biomime DES 38 56.6+13.2  3.04+0.46 6) ST (6) o ’

SeQuent Please DEB 54 57.619.5 2.740.4 . cardiac death, MI,
(el bservational SIPEEEEICE Not mention TLR, TVR, ST
2018 © Newer-generation DES 54 58.9+10.4 2.8+0.4 novo CAD (12) ? ?
Gl SeQuent Please DEB 382 67.24+10.3 small vessel de cardiac death,
2018 IR Xience/ Taxus Element DES 376 68.4+10.3 2 novo CAD LS () ¥$1I-(fz(1t1azl)Ml,
Nt SeQuent Please DEB 30 67.30+11.12 2.884+0.57

randomised  Xience Prime/Xpedition, chronic CAD Not mention Not mention
etal 2016 Abbott Vascular DES 30 70.63+8.97 2.7240.64
. SeQuent Please/Neo, In-Pact g, 5814119 1.884038 occurrence and .
Sim et al observational Falcon DEB very small vessel time to TLE (1, 6 cardiac death, MI,
2018 Xience Xpedition SV/Alpine, de novo CAD > TLR (1,6, 12)
200 61.3+11.2  1.9540.21 12)
Resolute Onyx DES
. between the DEB and DES < 12 months follow-up subgroups
3.2. Safety Endpoints (RR, 0.82; 95% CI, 0.34-1.98). However, DEB was

MACE There was no significant difference in risk for
MACE between the DEB and DES subgroups (<12 months:
RR, 0.92;95% CI, 0.58-1.45;> 12 months: RR, 0.80; 95% CI,
0.60-1.07). TLR The incidence of TLR was similar for both
the DEB and DES subgroups (<12 months: RR, 0.96; 95% CI,
0.53-1.76; > 12 months: RR, 0.80; 95% CI, 0.52-1.24). MI
There was no significant difference in the rate of MI between
DEB and DES in the < 12 months follow-up subgroups (RR,
0.42; 95% CI, 0.13-1.37). However, when the follow-up time
was > 12 months, the rate of MI in the DEB group was
significantly lower than that in the DES group (RR, 0.55; 95%
CI, 0.33-0.92; P=0.023). ST There was no significant
difference in ST rate between the DEB and DES subgroups
(<12 months: RR, 0.51; 95% CI, 0.13-2.00; > 12 months: RR,
0.25; 95% CI, 0.01-4.68).

Death There was no significant difference in death rate

associated with a significantly lower death rate than DES at >
12 months of follow-up (RR, 0.45; 95% CI, 0.25-0.82;
P=0.009).

3.3. Efficiency Endpoints

LLL DEB was associated with a lower incidence of LLL
compared with DES (SMD, —0.44; 95% CI, (-0.91)-0.03))
although the difference was not statistically significant.

3.4. Quality Assessment

The quality assessment of randomized trials is presented in
Table 2. The quality scores for the observational studies
(Sinaga et al., 13 Her et al., 14 and Sim et al. 15) were 7, 8§,
and 8 respectively.

Table 2. Quality assessment of randomized studies included in the meta-analysis.

Study Randomization/allo-cation Blinding of participants Blinding of outcome Incomplete Selective
concealment /researchers assessment outcome data reporting

Ali et al [16] L U U L L

BELLO etal [17, 18] IL, L H IL, L

PICCOLETO et al [19] IL, H L IL, L

Gobi¢ et al [20] L U U L L

Jeger et al [21] IL, L U IL, L

Nishiyama et al [22] IL, L U IL, L

H=high risk of bias, L=low risk of bias, U=unclear risk of bias.
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3.5. Sensitivity Analysis

A sensitivity analysis was conducted at endpoints when I* >
50%. For LLL, we sequentially eliminated one study at a time
and observed that the study of Gobi¢ et al. [20] had a strong
influence on heterogeneity. We did not eliminate this study,
however, because of the low number of studies included in the
analysis.

3.6. Publication Bias

The Egger test showed no evidence of significant
publication bias between the groups with respect to MACE

(P=0.739) and LLL (P=0.500).
3.7. RR and 95% CI for MACE

The RR for MACE (0.92 vs 0.80), ST (0.51 vs 0.25), and
TLR (096 vs 0.80) showed no statistically significant
difference between DEB and DES. However, RR showed a
downward trend with extended follow-up time. For follow-up
< 12 months, the safety data for MI and death were similar
between DEB and DES, but DEB was associated with a lower
risk for MI and death when the follow-up time was > 12
months. (Figure 2)

time
<12 months
4 =+ >12 months
O3,
3
wn
()]
4
o<
2
1,
OA
death MACE MI ST TLR events

Figure 2. The RR and 95% CL.

4. Discussion

This meta-analysis was conducted to evaluate the safety and
efficacy of a DEB-only strategy in the treatment of de novo
CAD. The main findings are summarized as follows: 1)
DEB-only usage demonstrated an efficacy equivalent to DES
usage in treating de novo CAD; 2) the analysis of short-term
follow-up (<12 months) data showed that there was no
significant difference between DEB and DES with respect to
the rate of MACE, TLR, MI, ST, and death; 3) a reduced risk
for MI and death (MI: RR, 0.55; 95% CI, 0.33-0.92; P=0.023;
death: RR, 0.45; 95% CI, 0.25-0.82; P=0.009) was observed
for DEB compared with DES for follow-up > 12 months.
However, larger trials are needed to confirm these findings. At
present, DES implantation remains the first choice for the
treatment of CAD. [2, 3, 23, 24] Despite significant advances
in DES technology, a limitation of DES use is its permanent
foreign stent platform and coating which may lead to chronic
inflammation, late stent thrombosis, ISR, and stent strut
fracture. In clinical practice, almost 5% of patients treated
with DES experience ISR, and the rate of MACE is
approximately 10%-20% in this patient population.
Furthermore, prolonged DAPT is typically required in these
patients and may lead to the gastrointestinal bleeding. In

specific patients with complex vessel lesions such as small
vessel disease and bifurcation lesions, or with diabetes as a
comorbidity, a higher incidence of MACE was observed.
Compared with DES, DEB had a greater contact area and
delivered higher paclitaxel doses (300-600 pg/mm?), thus
ensuring more uniform drug delivery to the vascular wall.
Furthermore, the shorter endothelial healing time associated
with DEB can reduce the duration of DAPT from 12 months to
3 months and lower the risk of bleeding and thrombosis. [25]
The effectiveness of DEB compared with standard DES use
has been confirmed in the treatment of ISR [26-28]. For
patients with de novo CAD, particularly small vessel disease
and bifurcation lesions, the choice of therapeutic method
remains unclear. Kleber et al. [29] and Nakatani et al. [30]
have highlighted that limitations such as acute elastic recoil
can restrict the application of DEB. However, other studies
have shown promising results for DEB. Ali et al., [16] Sinaga
et al., [13] the PICCOLETO trial, [19] and Jeger et al. [21]
reported no statistically significant difference between DEB
and DES for MACE; Sinaga et al., [13] Nishiyama et al., [22]
and Her et al. [14] indicated similar TLR rates; and similar
rates of LLL and death were reported by Nishiyama et al. [22]
and Her et al., [14] respectively. Moreover, the results of the
BELLO trial [17, 18] favoured DEB, reporting a lower LLL at
6 months of follow-up and a lower MACE rate at 36 months of
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follow-up compared with DES. Given the inconsistencies in
the outcomes of previous studies, we analysed the relevant
research to determine whether DEB was superior to DES in
the treatment of de novo CAD. Although several studies on de
novo CAD have been reported, few have taken follow-up time
into account. In the current meta-analysis, patients with small
vessel disease, non-small vessel disease, STEMI, diabetes,
and other forms of de novo CAD were included, meaning that
the population was representative of de novo CAD in general.
In addition, the analysis was based on subgrouping by
follow-up duration, meaning that the short- and long-term
effects of DEB and DES could be compared. In general, this
study may provide references for DEB use in de novo CAD.

Given that DES represents the current mainstay of de novo
CAD treatment, it is important to evaluate newer methods
such as DEB against DES. In the current meta-analysis, the
efficacy and short-term safety of DEB was shown to be
non-inferior to that of DES in the treatment of de novo CAD.
Both DEB and DES contain an anti-proliferative agent and
late or very late thrombosis as the limitation of DES, so it is
not surprising that the short-term efficiency of DEB is similar
to that of DES. Some studies have compared acute elastic
recoil in DEB plus BMS compared with DES and
demonstrated equivalence between the two strategies. [31-33]
Therefore, acute elastic recoil may not be the cause of any
clinical difference between DEB and DES. However, Gobi¢ et
al. [20] reported that DEB was superior to DES with respect to
LLL. In the present analysis, we identified heterogeneity in
LLL in the study by Gobi¢ et al., which may be attributable to
the inclusion of subjects with STEMI presenting less than 12
hours from symptom onset and with a worse prognosis than
patients with regular MI. The first study on DEB use for the
treatment of STEMI [34] reported good outcomes, indicating
that DEB may represent the most effective intervention for
this condition. From a long-term perspective, DEB was
superior to DES for with respect to the incidence of MI and
death. One explanation for this result is that DES is a foreign
material, and the stimulation to the body and cardiovascular
system may increase over time. Delayed healing and
endothelial dysfunction of DES may lead to thrombosis and
subsequent MI or death, although further pre-clinical research
is needed to clarify the mechanism responsible for this effect.
In general, we have observed that DEB tended to be superior
to DES over a longer follow-up duration, although most of the
differences between the two treatments were not statistically
significant. But there was a study showed a different result:
they found DEB had no significant difference compared with
DES at long-term follow-up. [35] Therefore, further studies
with longer follow up are required to verify the superior
long-term safety profile of DEB compared with DES.

A number of studies on the clinical use of DEB for treating
de novo CAD are currently underway to identify optimal
indications, further improve patient prognosis, and evaluate
the clinical effect of DEB using intraluminal imaging. The
efficacy of DEB in the treatment of ISR has been established
in several clinical trials [36—38] and its use is recommended in
European guidelines. [39] However, the role of DEB in PCI

for de novo CAD remains unclear.

This meta-analysis had some limitations. First, the analysis
was based on multiple studies, and observational studies were
not omitted. Furthermore, although the included studies
featured follow-up durations ranging from 1 to 36 months, we
only explored the efficiency of DES and DEB at < 12 months
and > 12 months because of the small sizes of follow-up
duration subgroups. The results may therefore represent a
limited basis for reference, meaning that larger, multi-centre,
randomized trials with longer follow-up durations are required.
Second, we focused on the intervention type and did not
distinguish between the composition and delivered drug type
for DES and DEB. Further detailed subgroup studies are thus
needed to evaluate these factors.

5. Conclusion

For follow-up < 12 months, there was no significant
difference between DEB and DES for each MACE
component, including target lesion revascularization (TLR),
stent thrombosis (ST), myocardial infarction (MI), and
death. However, a lower risk for MI and death was observed
for DEB when the follow-up time was > 12 months. It was
proved that the safety and efficacy of DEB was similar to
that of DES for follow-up < 12 months. However, a lower
risk for MI and death was observed for DEB when the
follow-up time was > 12 months. DEB was superior to DES
during long-term follow-up (=12 months). Therefore, both
DEB and DES may represent appropriate first-line
treatment for patients with de novo CAD, with DEB as the
first choice for patients who are ineligible for DES
implantation, particularly those with small-vessel CAD and
STEMI.
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